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Summary

Backgrou nd

smoking is the leading behavioural risk factor for mortarity grobally, accounting ior more than 175 miIionreaths and neariy 4 30 billion years of life tost (yLLs) from 1990 to 2021. The pace ot decline in smoking
-prevalence has slowed in recent years for many countries, and although strategies have recently been
proposed to achieve tobacco-free generations, none have been implemented to date. Assessing what
could happen if current trends in smoking prevalence persist, and what could happen if additional
smoking prevalence reductions occu( is important for communicating the effect of potentiar smoking
poli€ies.

Methods

ln this analysis, we use the rnstitute for Hearth Metrics and Evaluation s Future Health scenarios platform
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scenario forecasts what courd occur if past smoking prevalence and other rrsk factor trends continue, the
Tobacco smoking Elimination as of2o23 (Elimination-2023) scenario quantifies the maximum potentiar
future health benefits f'om assuming zero percent smoking prevarence from 2023 0nwards, whereas the
Tobacco smoking Elimination by 2050 {Elimination-2050) scenario provides estimates for countries
considering policies to steadiry reduce smoking prevalence to 5o/0. Together, these scenarios underscore
the magnitude of hearth benefits that could be reached by 2050 if countries take decisive action to
eliminate smoking. The 95% uncertainty interval (ul) of estimates is based on the 2.5th and 97.5th
percentile of draws that were carried through the multistage computational framework.

Find ings

' Globa I age-sta nda rdised smoking prevarence was estimated to be 28.5% (95% ur 27.9-29.1) among males
and 5 96010 (5 76-6 21) among femares in 2022. rn the referen€e scenario, smoking prevalence declined by
25'9a/a .25 2-26 6) amon8 males, and 30.0% {26.r-32.r) among females from 2022 to 2050. under this
scenario, we forecast a cumurative 29 3 bilrion (950/0 ur 26.8-32 4) overa yLLs among males and 22.2

illion (20 1246)yLLsamongfemaresoverthisperiod.Lifeexpectancyatbirthunderthisscenariowourd
increase from 73 6 ye arc lg5a/o Ut 72.B_.t4.4) in 2022 to 78.3 years (75.9_80.3) jn 2050. Under our
Elimination 2023 scenario, we forecast 2.04 billion (950/o Ut 1.90_2.21) fewer cumulative yLLs by 2050
compared with the reference scenario, and rife expectancy at birth would increase to 77.6 years (950/o ul
75 1-79 6) among males and 81 0 years (78 5-83.1) among females. under our Eliminatjon-2050 scenario,
we forecast 735 miliion (675-808) and t4I million (131_I54) cu mulative yLLs would be avoided among
males and femares, respectivery. Life expectancy in 2050 would increase to 77.r years (950/o ur 74.6-79.0)
among males and 80.8 years (78.3_82.9) among females.

lnterpretatjon

Existing tobacco policies must be maintained if smoking prevarence is to continue to decrine as forecast by
the reference scenario. tn addition, substantial smoking-attributable burden can be avoided by
;€celerating the pace of smoking elimination. lmplementation of new tobacco €ontrol policies are crucial
in avoiding ad d itiona l sm oking-attributabre burden in the coming decades and to ensure that the gains
won over the past three decades are not lost.

Funding

Bloomberg Philanthropies and the Bjll& Melinda Gates Foundation.
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years of life lost (yLLs) were attributable to smoking in 2021.1 smoking also has important effects onhealth-care costs, productivity, and health disparities.3-s As a result, tibacco contro{ is an enduring policy
and public health priority, with enormous potentialto improve population health.

Research in context

Evidence before this study

Smoking is widely recognised as a major global health risk with extensive supporting literature. The
Global Burden of Diseases, lnjuries, and Risk Factors Study serves as the most comprehensive source
for smoking prevarence and all-cause and cause-specific attributable burden across 204 countries and
territories, by age and sex. However, fewer studies have focused on forecasting tobacco use and
burden. We searched pubMed on .luly 9, 2024, using the following search terms: ((,,smok,,,[AU Fields]
OR "toba€co"[All Fields])AND (,,forecast.,,JAllFieldsl OR,,scenario.,,lAll Fieldsl OR,,projection_,,[All
Fieldsl)AND (',prevalence,,[All Fietds] OR,,burden,,[All Fields] OR 

,,disease,,[A 
Fields])). We restricted

the search to artjcles published in the past tO years. Ihe search yielded I098 studies. [4any studies
have forecasted smoking prevalence in the status quo, as well as under various policy scenarios, for
specific countries. A 2024 WHO report forecasts global smoking prevalence will be 30.6010 among
males and 5 70lo among females in 2030. previous studies have also estimated future disease burden
from smoking, although these studies typically focus on all causes combined or a small subset of
smoking-related causes. Ou r search did not identify any studies that have estimated the future
burden of smoking for all countries and all smoking-related health €onditions.

Added value ofthis study

Our study contributes a comprehenslve set of estjmates of future health burden under three smoking
prevalence scenarios for 204 countries and 365 diseases and injuries, disaggregated by 5_year age
group and sex. Methodologically, we have developed a forecasting framework that incorporates
smoking prevalence, intensity, duration, and risk reduction from cessation. Furthermore, by
leveraging the lnstitute for Health ['4etrics and Evaruation's Future Health scenaros platform, our
forecasts integrate dynamic changes in demographics and other determinants of health.
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The current evidence underscores the substantial potentialfor health gains through more aggressive
tobacco control policies, worldwide. Although a continuation of the existing decline in smoking
prevalence will undoubtedly yield health benefits, our analysis quantifies the substantial increase in
life expectancy and decrease in years of rife rost that courd resurt from accererated efforts in tobacco
control.

After a period of accelerated progress fo.owing the adoption of wHo,s Framework convention on Tobaccocontrol' progress has srowed in recent years.6'? Although grobal prevalence of smoking continues to
. decline, the pace ofdecrine fructuates and has srowed in many countries. Renewed efforts are required to

overcome the tobacco tndustry,s attempts to maintain a market. The concept ot a tobacco endgame, inwhich focus shifts from controring the tobacco epidemic to eriminating the tobacco epidemic, has been
discussed for more than 10 years in the academic literature.s,e countries and organisations around theworld have set goals to reduce smoking prevalence to less than 5% in the coming years.r0,r:

-strategies to reach a tobacco'free future work together to eriminate the initiation of tobacco use amongyouth while steadiry phasing out tobarco use in the adurt population. Despite promising policy proposars
in some countries, including the uK,14 the political commitment to implement and enforce the measures
necessary to realise a tobacco-free future largely remains elusive. New Zealand,s transformational
legislation that would have prohibited the sale of tobacco to anyone born on or after Jan 1, 2009, was
recently repealed to fund other tax cuts. s im,arry, Maraysia's generational smoking ban was drapped fram
their recent tobacco control bill.i5,16 Forecasts ofthe heaith effects of potential smoking policy scenariosprovide quantitative evidence on the costs of inaction that can aid decision makers.

Previous studies have simulated the effeds of redu(ing smoking prevalence in selected countries.lT_?e
These studies frnd rarge population hearth benefjts that accrue over time, the potentiar tor hearth-care costsavings, and reductions in smoking-attributable health disparities.3o,rl Although many prospective policy
'mulation studies exist for some countrjes, such analyses do not exist for alr countries. Furthermore,

previous studies have not systematicaly disaggregated impacts by disease, which can aid hearth systemplanning and prioritisation of medicar innovation. Fina,y, health forecasting is a dynamic process that
reflects simurtaneous changes across many determinants of health and feedback between changes in
health determinants and changes in demography. Ou r study adds to existing evidence by providing
comprehensive country-speclfic and disease-specific estimates under three smoking prevalence scenarios
using a dynamic forecasting framework.

with the use ofthe rnstitute for Health Metrics and Evaluation's Future Health scenarios pratform, we aim
to forecast all"cause and cause-specific yLLs for alr countries from 2022 to 2050, as well as life expectancy

lnstilute of Pharmacy,
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future hearth benefits from smoking elimination. The third scenario, Tobacco smoking Elimination by 2050(Elimination-2050), which includes a generational ban beginning in 2023 and a steady reduction ofsmoking prevalence to 5olo among order cohorts by 2050, provides insight into what gains courd be realised
by countries considering poricies to reach endgame targets. Together, ihese scenarios u nderscore themagnitude of hearth benefits, benefits that wilr continue to grow beyond 2050, which could be achieved ifcountries take action to end the global tobacco epidemic. This manuscript was produced as part of the
GBD Collaborator Network and in accordance with the GBD protocol.

Methods

Overview

we used the Future Hearth scenarios platform to forecast yLLs under three smoking prevarence scenarios,
for 204 countries and territories as welr as 365 diseases and injuries by 5-year age group and sex frorn 2022
to 2050 1n the following sections, we focus primarily on methods specific to this analysis ofthe effects of'moking prevalence reductions. The methods used to forecast population, fertility, and all_cause mortality
have been reported elsewhere.32-3s Methods and accompanying estimates for smoking,specific inputs,
including smoking prevalence, continuous measures of intensity of exposure, and dose-response relative
risks for 32 health outcomes have also been previously published.l ln this anatysis, we only report the
direct effects from smoking tobacco, which do not incrude the health effects from second,hand smoke,
smokeless tobacco use, or electronrc ni€otine derivery systems. This study adheres to the Guidelines for
Accurate and Transparent Health Estimates Reportlng statement (appendix 1 pp 16_i7).rb

Forecasting framework

we obtained estimates of independent drivers of health, incruding over 70 risk factor summary exposure
values from the clobal Burden of Diseases, lnjuries, and Risk Factors Study (GBD), interventions such as
vaccines and antiretroviraltherapy coverage, and covariates such as Socio-demographic lndex (a
'omposite measure of income, education, and fertility under age 25 years) from GBD 2021, for every
rocation, age, and sex, from 1990 to 20I9. These independent variables were then forecasted to 2050,
mostly using a generarised ensemble model that incrudes past annuar rates of change and rerationship
with Socio-demographic lndex to predict future trends (appendix 1 p 13).

once we have a comprete time series from 1990 to 2050 for each of the independent variabres, we use
them to forecast cause-specific mortality rates up to 2050. Future mortarity is estimated using three
components: underlying (risk-deteted) mortality, a risk factor scarar, and ratent trends predicted with an
autoregressive integrated moving average (0,I,0) moder.r5 These cause-specific mortarity estimates are

:::j:.,ri.:l:::il1".at,l-cause 
mortality.s3 we used the methods pubtished in vollset and coueasues,
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enabling us to capture the effects of differing mortality rates on popuration age srructure and size. yLLs
were then computed for each scenario using demographica,y aggregated mortality forecasts and the GBDreference Iife table.33 Details on validation of our forecasting model c-an be found in previous studies.32,].1,35

Smoking scenario definitions

we forecast cause-specific and a[-cause mortality under three scenarios, which we refer to as the
reference' Erimination-2023' and Erimination-2050 scenarios. rhe reference scenario assumes that past
independent hearth driver trends and rerationships between drivers and hearth outcomes persist into thefuture To estimate an upper bound on the effect of reducing smoking prevalence, we constructed theElimination-2023 scenario, under which past trends persist across alllnputs except current smoking
prevarence' which is reduced to zero from 2023 0nwards. Fina.y, we constructed the Erimination-2050
scenario' under which past trends persist across a, inputs except smoking prevalence, which is rinearry
reduced to 50/o between 2023 and 205o rhe Erim in atio n-2050 scenario prlvides a benchmark that falrs
between the reference scenario and Elimination_2023 scenario.

-or all scenarios' we use GBD 2021 estimates of distributions of cigarette-equivalents smoked per day andpack-years among current smokers, distributions of years since qujtting among former smokers, and
cause-specific rerative risk estimates for both current and former smokers. we assumed the 2022 age,
specific distributions of cigarette-equivalents smoked per day and pack-years among current smokers
remained €onstant into the future rn the reference scenario, we simirarry assumed the 2022 age-specific
distributions of years since quitting among former smokers remained constant into the future. rn the
alternative scenarios, we shifted the 2022 years since quitting distrrbutions for former smokers who quit in
2022 ot eatliet Ior\\atd with every future year and created uniform distributions to moa"l th. y"urr rinau
qu itting for former smokers who qu it in 2023 or later. We then used these inputs, and scenario_speciflc
prevalence forecasts for current smokers, former smokers, and never smokers, to €ompute population
attributabre fractions for smoking between 2020 and 2050, which in turn were used to compute smoking
summary exposure varues. The popuration attributabre fraction carculation was adapted from the GBD
study, with additionalterms added to capture the burden among recent quitters (appendix 1 p t 2).

Reference scena rio forecast

The reference scenario is a probabiristic forecast that aIows historicaltrends ot drivers of health to
continue into the future and hotds the past relationship between drivers and health outcomes constant. To
forecast smoking prevarence in this scenario, we first obtained current smoking and iormer smoking
prevalence estimates for every location, sex, 5-year age group, and year from 1990 to 2019 from GBD 2021.1
we then used an ensemble modeito forecast current and former smoking prevarence from 2020 to 205o.r5
Briefly, the ensembre moders consisted ofsix submoders that used annualised rates of change to forecast
prevalence to 2050 based on past smoking trends. Each su bmodel had a r"."n.y *",gh(pg in. r;*r,
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Alternative smoking prevalence scena rios

The Elimination'2023 scenario was constructed with the reference scenario's current and former smokingprevalence values from 2020 to 2022, setting current smoking prevalence to Oolo from 2023 onwards. We
considered the population of current smokers in 2022 to be former smokers from 2023 onwards and
tracked their years since quitting for every year from 2023 to 2050. For the population of existing former
smokers that quit smoking between 1990 and 2022, we herd the distribution of years since quitting
constant and extended it into the future (ie, if for a given cohort the mean years since quitting was 10 in
2022, the mean years since quitting for that cohort would be 15 in2027).

The Elimination-2050 scenario was constructed similarly. We created the scenario by setting smokjng
prevalence to zero for birth cohorts of ages 0-1g years in 2023. For older cohorts, we Iinearly reduced
current smoking prevalence starting in 2023 to 5% by 2050. For older cohorts with current smoking
prevalence rates below 5olo in 2022, we held that prevalence rate constant to 2050. As in the Elimination-
2023 scenario, we held the distribution ofyears since quitting constant and logically extended jt into thefuture for the population of existing former smokers that quit smoking between r990 and 2022. we used a
'niform distribution of years since quitting for the popuration of former smokers that q!it during or after

2023, since the proportion of people quitting between 2023 and 205o was constant.

To account forthe effects ofdifferent mortality rates between people who curren,y, formerly, and never
smoked, we estimated the all-cause relative risks of mortality for each smoking status. First, we computed
exposure-weighted rerative risks by location, age, sex, and cause in 2022. we then aggregated these cause,
specific relative risks across all causes to generate an allcause relative risk of mortality. Finally, we
€omputed the mortality rate among people who never smoked and used each of the mortality rates to
adjust our prevalence estimates in every future year. As a result, tfie share of current and former smokers
in the population decreased over time in each of the alternative scenarios.

U ncertainty estimat jon

I Incertainty intervals (urs) were computed from distributions for each estimate generated by propagating
500 draws throuSh the multistage computational pipeline. The 950/o uncertainty interval of estjmates is
based on the 2'5th and 97 5th percentire of draws. we report results with the mean and ur for alr three
scenarios in the main text and tables, and onry for the reference scenario in figures. we did alr analvses
using R (version 4.2.2) and python (version 3.IO.t3).

Role of the funding source

The funders orthe study had no role in study design, data collection, data analysis, data interpretation, or
writing ofthe report.
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Smoki ng prevalence forecasts

The age-standa rdised prevarence of cu rre nt smoking decrined gro ba lry from r990 to 2 022, frcm 40.Ba/a(950/0 Ur 40 4-41 1) to 28'50/a (27'g-2g r) among mates aged ro iear. and older, and fro m g.g4a/a (g.7-7-l0-15) to 5 960/0 (5 76-6 21) among females aged ro yeais and older (figure 1). we forecast that this declinewill continue, albeit at a slower pace, with an age-standardised prevallnce of 21.1olo (20.6_21.6) amongmales and 4 1B% (3 98-4 48) among females in 2050, a 25.9% (25 2-26.6) and 3o.60ue (26.1-32.r) decrinerelative to 2022' respectively By 2050, the age-stan da rdised preva rence a mong ma res is fo recasted torange between 3 18% i2 95-3 47) in Brazil and 63.2% (60.6-65.6) in the Federated states of [,4icronesia, andamong females between 0.500/o (0.36_0.68) in Nigerla and 38.5% i35.2-41 8) in Serbja (appendix 2 pp 3_9).Despite a forecasted increase of the grobar population of 1 44 bittion 1ss"z ur r.oz-r.e4) or 18.r0lo (950/0 ul
' 13 6-23 0) between 2022 and 2050, as we as population ageing, the number of current smokers is alsoforecast to decline: Globally, we forecast 1040 million {95% ut 980-1110) mate smokers and 201 million(187-220) femare smokers by 2050. The rargest rerative decline in the number of current smokers isforecasted to occur in Tropical Latin America and the largest increase in centralsub,saharan Africa for bothsexes Popuration growth is the rargest factor responsibre for increases in current smoking popurations inrnoSt regions.
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forecastyear) The black dots in (c) ind icate the overall percentage cha nge in the n u m ber of smokers
from 2023 to 2050.

Globar age-standardised prevarence of former smoking among those aged 2o years and older is forecast tostay reratively consta nt from 14 3% (950/0 u r 13.9-14.6) in 2022 to r4.2% (r3.g-14 6)in2o5o among malesand from 5.81% (5.60-6.05) to 5.59070 15,26_5.72) among females. The forecasteO age_standardised
preva lence of former smoking am ong males in 2050 ra nges between 3.800/o (3.44 4.17) in Benin and 56.9olo(54.1-59 1) in Tanza nia, a nd a mong fema les between 0.470lo (0.39_0.56) in Libya and A6.go/a \42.g_5l S) inTanzanja, Due to a combination of population growth, ageing, and increases in the prevalence of formersmoking, the number of former smokers is forecasted to increase by 28.50/o (23.0_34.6) by 2050. Compared. 
:l 

n *0.11:l (95% Ut 771_835) former smokers in 2022, we forecast ro30 milion (973-1090) former
smokers in 2050 rhe n u m ber of former smokers is forecast to in c rease in most cB D regions, apart from
central Europe among males and eastern Europe, central Europe, and western Europe among females. ln
these regions, declines in the population between 2022 and 2050 offset any in€reases in former smokinglrevalence Population growth and ageing are the largest factors responsjble for increases in the former
smoking population in the regions with an increasing number of former smokers.

YLLs u nder the reference scenario

YLLs represent the number of life-years lost due to premature death. Globally, there were 1020 million
(950/0 ul 942-I090) yLLs among mares and 757 million (705-B1o) among females in 2 022 (tigute 2). nndet
our reference scenario, we project that there will be 1o4o mirion (932 1190) yLLs among males and 816
million (720-953) yLLs among femares in 2050, for a cumulative totar of 51.5 bilrion {47.3-56.9) future yLLs
between 2022 and 2050. Although large, these global increases are a product of population growth and
ageing The globa r age-sta nda rd ised rate of yLLs is forecast to de€rease from 26 530. g (24 623.2-28 614.0)per 100 000 among mares in 2022 to 17 113.2 (14 553 3 20 949 3) per 100 o0o in 2050, and from 18 919.3
(17 608'9-20 322'8) per 100 000 to 12 448.6 (10 282.1-16 034.6) per 100 000 among femares. rn our
'eference scenario non-com m unicab re diseases comprise the majority of future yLLs, accounting for 6g.10/o
\95010 Ur 64 9-70 8) of cumurative yLLs among females and 64.30/0 (61.B-66.3) among males (figure 3). Non
communicable diseases are arso responsibre for the largest age-standardised yLL rates, accounting for 11
273.6 OA 3287-12 498.2) yLLs per 1OO oO0 between 2022 and 2050 among males and -,76a.4 

l7[o7.3
8602 8) per 100 000 among femates. Cardiovascurar diseases and cancers are the reading causes of non-
communicable diseases yLLs in this scenario, accounting for 12.3 billion (950/0 ur 1o.B-14.1) and 9.05 bilrion
(8.13-9.92) cumulative future yLLs, respectively.
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Global burden of bacterial antimicrobial resistance @@or@
1990-2021: a systematic analysis with forecasts to 2O5o
6BD 2021 Anrinoabial Rersronce 6lhbantos,

Summary
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Introduction
In 2014, the Revjew on Antimicrobial Resistance (AMR)
plote(red lhri l0 mrtjion dearhs r"Jsed by AMk could
occu, by 2050., Ttis esnm/,e. wh,te the rubjtrr of
scientinc criti.ism,, h€lp€d position AMR as one or the
most pr€ssin8 threats to heatth of the 2lst cenrury, In
the y€ars sine, WHO commined to the 2015 AMR
global action pian, AMR was the focus of a high,level
UN sencrai assembjy in 2016. and an AMR-ipecrfi(
mdi(alo, sa" rnrjuded Js r Suslajnabte Devetopm€nr
Coal lo redu(e the percentage ofbloods eam infectjon
due to selected antimrcrobrat.res.sLnt orgarisms
(indi(ator i.d.2r Despile the anenhon AMR has r€Lerved
at the global levet, Ue implenenr.tion end fund,ng of
national acrion ptany has been uneven, leading- to
uncendin progress in dnenuaiinS rhe burden of AMRThe Review on An mrLrobEt Res,sun.e.
acknowledged its broad brush estimares would be
shengthened by more robust worl from academic
rcsearch€rs. ln rhe decade ynce i,s publ.,anon,
howe\er giobat AMR eslrmares have been iparse. One
re,.nl st€p loBard in AMR eprdem.ojogy wes a Stobale,rimate of rhe burden of ba e al AMRIn 1019" which
found rhar of the roughly s.9 nillion deaths due to
bacterial infe.tions rhat y€ar, 1.27 million dearhs were
attributable to AMR a.d 4.95 milion deattls were
associared wirh AMR.": While rhis esrimare has been
used to inforn reseaiLh and potrcy p onhes, su(h as
rhp 7024 WHO B.crendt p,iority tdtho8ens Lr$." rr
proqdes on,y d .ross.secrron of bJrden. hmrl,ng rhe
abilirv to undersrrnd rhe hrslon(ai trend of AMR and
eveluare poLcie, rmplemented ro reduce rts rmprcl. so
Id!.lime rrends rn AMR hJve been jimiled to seje(l hrgh-
income loar,om for a smajt number ofparhogpnnrug

. combrnalrons These inLlude esrrnrares from rhe Ui
Cenlere for DseJse Conrrot and preven on. shkh
e\aluated l8 AMR t\reJts u 20lJ Jnd 2019. a,.d trom
Cassini and collmgues,, who produced AMR estimates

sub.Sahrrdn AftrLJ aid sourh Asrar howeve,. these are
locahonr sthoul eny historicat estimrtes. ldenufyrng
lhe regions wirh increasrng AVR burden woutd en.bt;
the globdl healt-h communr$ ro bener target to(r on.
srth the rosl_wge[t need. Documeni.n8 thc e\oi\ing
nature ol AMR. rncludrng ihe trends rn resisldnc. lo
.nncar anhDrohc ctasses ,uch a, tne cerbapenems, can
guide anhmicrobirl slewardship, infedion prevennon
mersures. and prionusarlon of druq and v.(c.ne
deveJopment to combat thrs growins threat

A.re(ent laa.dr scri6 on iMR hightighred cunent
pieoratrn va((rnes, inv65616n1 ;n *ater, sanitation, and
h/giene (WASH) infrastruciure, and infection connol
practres s sEaregEs to (una,t AvR{elaled de.rhc ,,
ros. .come and middlenncome counrries {lMIcs,.
Pre\ioush published SlobJl esrimare( reponed J
5J% dedine rn .ge.standrrdrsed .cps.reb;d de,Ub
trom 1990 ro 20t2,, \4uch or rhr< wds dnren by redu(rrors
rn thild morraiiry and l}le prevenrion ofdearhs oue lo
lower respirarory rnte(lron, and da(hoea, causes or
death rhar are often avenabte snh iccFss to \rAsH and
va(nes..Whjh hN decrcdse rn ,epes monr'tir) mighl
be expefled ro reduce ArttR.relrkd dearhs due ro sep5.s
research suggests demographic shifts oyer the nexr
ceirury wil prcduc€ an agerng poputanon.. tead,ng roin(reasin8 prevalen.e of cororbrdrhes rnd
immunosenes(ence. resujrinS in / popuhlion "r Srearcrrisk.of s€psis rejdted dearhs Jnd AMR mod2jib.
rJnlermde, tI. continLed overuse ol ?nrrmrooDrals
both rn human hertfi and rn Jgn.ul[,e p,odu,c. an
envronhenr rhal seted" for incrcls:ngl, ,esNrJ, I
ba( leIr. ' Il is , uJrendy unlnoM how lhe convergenr e ^frhese la(oB might rffecl furu!e AMR buden b.caus. ro
fce,I globelAI4R l,Jrdei forecrns h e been produ(ed
chardnerising rhese trcnds dnd produun, fo.ecr"t, ot
esr,mares rnto the lutJ!e. wr.h ajtern.rive s;nraos t 

^eoon policy-related intepentiotrs, are needed to bexer
unde6raDd $e nature of AMR, and io intbrnr research
and public health prionties for decades ro come

for-the rurop€an Union a"a ir-p""n r.on".i. e.."
2015 for 16 pathogen-drug combinanons.

ihar rhe highest

a
o

ln rh,e (rudy. ke prespni rh. firs.ctobafnnd reeion..
rsrrm,-es or AMR hunitra o,o, r,. p,.rlh,l. .r".",r...
Nm re,,oro20r, ro,.,2 p"rt-oscns Jnd rc [F ],,1,.t .,
^\\\/,i\\ ^. .w
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Evidence belore thie ,tudy
l.-0t.4 r5e.$ cwo. an.,m(rob," relstan, e (aMp, wa\
enab !\ed loa$e$ the qtobat 55ueo.nrngdrLg rerislan.e,
undeEta.d 15 magnitude, andde6ne 5teps to addr.ss rt.
lhe aMR,evRw oub 5heoa. in,tuenrk, anatyjis.l 2oro.
'orp,arrinq that l0 m,t-ol peopte (outddie dnnua,ytrom AMR
b/ )050. (. retl-p1 es aare\ otrhe bu,der ot d,Lqres !d.t
'.'ed o-s.ovr, -q\everdtpataogerst^^eb"c.pub theoro.
r' e USA l-a dnd. rt^" rJ dnd r"c tu,opFdn F, o-oa, Aree
No$ud es, however provided.omprehensive est hare!
\o\e.rn9 a I o.ar on\a.o d o oao !.9e oloar_09en d.u9
.onor4'onu,rhe9'oetburdenorArr,4R,n2;r9rrud,
wa5 published. rhe n!d, stimated that 4.95 miIion deaths

- arsociatedwithba(eriatAMRandl.2Zmltiondeaths
attr butableroba(reriatAMRoccurcd in 2019 This resea(h
was followed by additionat rrudies that detaited nore qEnutar
.ountry stimatespub shedfortheWHO @gionsotEurope,
th€Ahericas, andAfri.a, showingrhalde.thsfromAMR are
uf even ydi5tibured among pop!taiions E(h reqionat study,
andthe lage, 9 obai stud, haveprovidedane$e;riai
snapshot of rhe magnirude of AMR burden for 2019.
A 2024 Lon.er 5eies on anrinicrobiat.esirtance used 6nd n.rI or.o-eo,rn+"nudF\ dnd orh+s ro ! --dMhe
cunent srare oI antibroti. rcsistane and re(ommended several
gobd -a.q4t\lo,oroar.her<porAMc,n. 

o.qord,gertor
lo\ , dJrrron'naMR -ondiD rool're 20t9b;C,t
by203O.

Added value of this ttudy
A(enain n9 thetihetrends ofAMR budon sof.onsiderabte
nportancc to improve our u.de6landinq of its.urcnr and

fuiurerhreat 
^,r!lt 

de.ade remporat trendis altow u5 to ob5etue.o^ pdite,l or atvo InoflJtrr) a.p .halo.n9 and to, rr th
.opu'drrcrs { mav bcwoatrrq 1(t tpmpordt draty\"rare
e$erlidrro' mo- tor. lq p.oq,esslowards blqered redu! I o.s
inAMRb!rden, forinform nq pr,or tetionofAMR
iteryentions, and for a$esstng the to.9-rsfl eflediven65 of

nd,,o.al d!t.or ptd.s.o. ro(tlngAMR L\ ninq tim" lcndsor
AMP" e -,redlo!e.e hi9r lore!olrre5dnddonor
if dude a cohprehensive tet of pathogennrug (ombination5
We provide estimarer oldeaths aid disabitity.adj!sted fe-
)pJ'5aDAl\rro' )2 pdrrogenrd.d I1 rtecr oJ5 rr1d.omes
ror 204 @untr erand tetrrror es from 1990 to2021
We p@duced estimates of deaths and DALys atvibutabtero

using tso cour)rcrfa.tual cnano\: lhe counl.rta.tuals
or no lilectron (re. deaths or disabiliq.!dtusted litu.
\e r. .ra 

. . ,d.rF.,.,anr , re.,io .,
rno oiug..en\'r.!" I tF.iron tje dFJ.n, or DA y\
dir.rl\ "' 

.'J."J.e r-.hF o,LS re,sr.n,e or al
xrte.t,on). The Clobal Burden ofDiseases, rn,unes and

AMRanda$o(iated with AMR Theatt.ibllab e bur.l€n 6
def"eouirga(oJnre-d'.J -s1(-o, o, q1esisrd,.
nfect'ons are repla.cd b, cquva o.t drug+ur.epr,bte

inie(6ns.The a*o. ared burden 6de6ned u,.q a
counteda(rualt. wh ch att drug{eststant infe.tionsare
repla.ed by no infection Add rional, usinq th€Gtoba Burden
of 0isease Srudy (6BD) 2o2l toreca(inq frahework, we
p,odu.ed ,efe,en@ Iorecaft (ihe mon likoty future) ror burden
dh' bLrdoeroo.s.o arpdnrrlMp ardrhe$o.,.pd.tot

.de. to ro5o -1.nuo/
repretentsour mon .ob!st enimate5 of AMR bu.def todare
,r!lJoT!pdare,rLou' io. ldard.esimdre!o.AVRbvr,me
and more granu araqe aroups, and,mororemhr, r..,;
ndttrfcalmodpD We b ,'o oLr a-ar.ion e, - a,$or d +4e
\ der(" o.evdlere - o - o ro,.r. om 6BD a.ow 10,o.

.omoa.do,l'rroroearh, r,o. AMR roohe'""orq.r J;,ol
death and dGabrliry rhroughout the wond

hpliotions ol all the avaitabk evid.n(e
Ou ana ys s greatlyetpa.dsrhe evidence ba5e tornmerrend5
ofAMR mortaliq, Weshowtharg obatmo.talt, from AMR
'rreased- -'-dl'loeMeel1990at2Ot9 Io,o$"ob\ d

,rdllderline har olcL'.eooLr 10 rFe r ovto r9 p".dem,.
O 'efe-lenen o r !aF,,hor oed,h, no- aMR a,tl

'n(reasaby2o5O,r'ered.ato. mea, rp,a..-or .p'd,c
Ourana y5 sof trendt nAl,lR moltatity byage 5uqqe,rsthat
'hqe i a r eed ro, 1re1e I o-\ ro rJ?r.p (Fe 1 edr 1q brdea
orAMP - o,de,dqe9.ouo\ go'no.od,d i,.o 9,ronr1!
,rudv provrdcev'dentiarv s!ppod ro pot,.y me.su,es rhat
co-brrAMRandhd.erh"porelr rro\avF vp,.ovadoo.ing
st'creg'esrhdroe. pdse,.r or..,", o.\r".ouS. .e^ /d. r.
io o,ed qua nyor ear .u?,nrosoldhandh""l.,e lcs
hproved ac(estoant biotkrand prohorion ofanrib oti(

stewardrhip rhedeveopme.tof newantimoobiakforGram,
'e9"r ?e bc(re d.hou'o beD io, Mo. g.vpn rhe td,qe in(hd.e
rn (arbape.emresirtan(e hrghtghted rn th s5rudy,
New prevent on efforis to addre$AMR mun remain a prior ty
forglobalhealrhpolkymakos O!.tmel,endanaysesandth€
methodoloqy used tay the fo!ndation for additiona,t!die5 ro
.oiunup ro,prdlr T ;.u,e avR !e.o\ald I,d . rhe proq.e$
ol,n plere.ted me"<u'p) . oJ, orgotr g elo(s ro r r q I e
thc imporrant globat heat$ chat ef 9e. Ourfore6t5ot
Jrerrrl've!ena.io. !ho rh^porp-latrodv4ntarap,-noer\
of dearhsover rhe neaquaner cenrury

prcsenr globaland r.gjorJt lor..asr\ oI Ar\jR bu,dcn ro
2050 lor a releren.e dc.Jrr) lthe rnosr l,k.ty tuturel. a
icendrio d mrng rulure drJg devetophenl ,"rgeunB
uram.negcrrw p"rhogpns (Cram nega ve drug
scenario), and a scenrioNsuming furure improveme.ls

Rrsk Facton Study (CBp) forecasring iram€work
trhealth-c e quaiiry forsp",r rna ac."", ro 

"pp,op."t"aylqBlitE (bette! care scenario). rhs Ariicle was
ofthe CBD Collabontor N.twork and

N7- 
-
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Articles

Methods
Overview
To estimate AMR burden, we used the same broad
melhodologrcal approachasthe glot alburdenofAMR;;
2019 study. The deraited metliods of that study a.e
publshed etsewhere. and ar. summarised here, ;rons
wrLh mpo,r"n. mertodotoSnrt rmp.o\empnr.

wF daetoped an app,o". n .or ;"rrnJrrng rne burdF,ql AvR h". rujlos on de.rt, "nd ;et"c. .,., oen.e
eslimates for diffe.e.r underlying conditions fio;,. cBD-,'0lt,app"ndr\ tppru_7c 80r. tr6.. *e (ot,eLred
d"rd,,om rrtUpe sour(e! en\unnd lhrr we,.(tuoedjnformahon avlitabte by year, age. and tocarion a.ross
u'rj l.n €\rjmalion {Fps wherp\e. pos.J.e. we e{rmjreJ
.he AMR bu,den "no ,bLrar.e roI ofthe 22 mode ed intectious syndrones (btoodst.eam
inte.tionsj meninglfis; lower respiratory infactionsl
endocarditisj peritoneal ana ;t.a.ati"mi,A i,iecti",,;
diar!hoear urinary tra.t intections and pyelonephritis
rnfedrons ofbones. joints. ana.cl"t"a *gan.r int-tton.
ul rnF .tjn rno qrL. Jraneor" sv. em.. rub"r u.o.u rro-vhoid. parar\pho d ron lpnordJsalnoacttot 2? b,ttetial w.hog"ns r! dru8 (rFg;r... or
. omD r,'ron. o, d,r.g. for trnr( n rhere r, r"si.u;ce "ro84 patho8en_drug coh binatlons (appendir I pp ,l_52). We
modeljed alt-ase and ase,sp-inc a"a*. ,ni oarv. r".
204,oLn.r.es ano re,n,or.e.. ".d {e presenl rqprFer ed
".r.-Jle, BtoU .y Jno to. e,.h ,,r h".^(r C;"D,:ps.
,,.tsro, s "lJ 2l c BD.egro, \ r,r,.. mp.r. ..oriaO
tu..rons L\ regron.ueJppend,\ I lpp t8 j5,

go\oihoed.. Att sour(es are ljsr.d by dara rype rrappendrxt(pp7 t6).

lable ] sh:l,s a summary of th. distincr data ryp$g" he "d."nd ro. (nrch mod.tconpon"n, 
"". 

1 ,1, ,;i|(w"L ,,ed. Aj.o.ho$1 i. .he , ,m)r ot rnr,tlc s.,,J.
r-' ir,on{e,6 "nd .ndr..dLJ. r,.ord. q r"o "re. ,\rilat.te
Iore"chdJr" lvpe lo.a or1F.,.:ord,r.,,Ffer ro tr ht--
CBD lo.Jrions and re.a roJ w\..n trc t.r.e re.ord.. I
isoiates. In total. there were 520 mr ion individuat
FLord, or bo.rre, covenng .9<tj .rJdr .ouuo,..p,,.
u"cd r. npl ocrr lo tne AMR F{rnb.rorj oro.F\c An
addrlional 7-02 million deatk infolmed rhe undertrn€
'rLse5o.(.fi. 

.nofldtrh 
"nvetope rror,he CBD.h"r *e

ln\pidB-d rhFn r jl, uLr., Buur .cp. j, monJt.rvc.r\el .t'lrblF ,, .hoss .he rbF, o, ildiv,dr.ri ,qo o, o,
isohtes used and the number of counrries colered iD

"-.\ p nan mode. nB ,rep..epr,"reh b, CBD .-6 J.,.'n re" of hvp Lompu,ien, mod(.i rnLrude J"r" lr.u. di r.
CBD rcBroD. rnd h\o oi hve rnltLd. Jak from I J dnLl z0ol re 2t CBD rpgon.. O.,j moo.l. or \D\,. Jj,orlle(lour )ndrorne an,ror" or unde,irng..ur.. _r,rh. ro.r CeoCr,phr"lt, .p,r.p. (.\e, r.e 2j .o,.n ne.
lro,n ll rperons lrre..r,..oi"tthare:h.r"ppt.edro
rf- C BD .Jr.? spe\.h, morrrt.F e1\plope rl,.rmeJ ry
drta Lo\e ng 195 !ounr es from rt 2l reErons

All da,, .pu.. .o. rhe md.t. r.Fd jl rpp. | .,.
l-pp'ndr I p i0, q,.e -n.p..r ,. d"rd. nu. mu,rereJ({,ncks qrhfieFrepho,,. tdru.ru1 r";.arrt).r. o,
vacci.e probe dara that we drd lo estimete the fraction otpneLTon'r rJused r\ Sr..pro.o,,". rr.Lao.r,o.
Gpp.ndu Ipp aOatr. Ait $,d).te\.t .o,"n.u. r_,
rnod-|" su. h d. "b( djd,e^. w(rce^ tu.?Jrjo..cmp,,!"
d,!.Al(ounr^.evel.ov",.,c.wFi(,no.rct.d!sIr,,re.
that were produccd previously for cBD,r,, and ttre
An'im (robirl Co.LJotur.r. N, Mo,t or modpiteo L. 1g
a method prellously described in B lowne a nd coleagues..,
D, J rnoul{ tor eotn e!tunq ol npp e d".Lr.LFo [.
BFJr.r daJ.lbelor .rnd rn -poeno.j I tpp t- /0. {. lu
t0-51 b0) DaG ,npur ! tarro". Jre,,Ih;ic d,1,."

Sepsit.nd infectiour syndrome, Gteps l and 2)
, rr.r 'o dFf1. rh< numuer -t .pp,\dprr,. $, Lsc!
CRD ?021 causc ol death esiirnates,to detenninc rher,,1.. ot d.drl-s r\ Je, .e{. J,d t..alor xte... rr..
p"rlru", ^ d.".n o., ne dr..t,..n,n, ".( .n.1 h pd.upj.
Sepqs Bas defrned es jite.Ureatenrng orBan d,.fun(.ron
due lo d dysregul/reo hosl lespon,F ro .nfecuon., flre
merhods used to eslrmale rnfecuous underlr,ng causes
o, dealh rnd sepsis have been previousty puJhshed" end
are summansed in appenda I (pp u_20)

ln modelling srep one tdppendi\ I p 80). mutrrple
cause of deah dara ,over.ng lr,) mi r;n de.rns
l0.l millon hospriJt oEcharges w lh d,sLharec rr!r.rs or
de.lh.288lt5 muiriple Lause ofdeirh rccords l.nked to
hospital records from ten counrries and territorles, as

i€ 6dft o.gTmdrhm.
d:irebdron-br&rr.rm,

we sough. the..wrden possrble range of dara usin8
sevrrul ddrd coltecrion straregies Through our jarg;
colla borator nelworks and through sra n d arJ da ra seekj;g
a. parr.otrhe CBD. we obtarned daldsers no, prevrousty
availabh tor AMR r€seerch. inctuding multipl€ cduse ot
deJlh da,a. hospital discharge, mi.robiology da12 w.th
an0 qrhour patienr out(ome. \ruores pubhshed u
screnlrhc iournals, reporrs Irom nerworks lhar mon[or
Dact ria rcsr$Jnt ro anribroli(s, phdrma(eulical .ales,
rrlruiotr! uce surveys. mor.trry surveiIdnLe. trnkage
data. outparent and inpatrent l.nted,nsurance Ltaims
data, and publicty avaitabte &ra.. Each component of
our estrmahon pro( esies had drsunct dau requnemenr{
an<l the inpur ddu used for edch srrp rhus drfiered
(uble lr. Tlr dr\eAe darJ soughr inciuaed rhe rotto*rng
sou(e.. {l) phdrmareurrcat companres drar run
suNerrran(e nerworls. dEgnosllc Iabordtones. and(hnrLdl.rndls. (2J researchers in(lud,ng Lr8e. mutfis,re
rpseaeh Lottaborations sn.l,e rudies: dnd welt
esrablished research rnsritules based rn tMICs, tJ) DJbirc

"nd privare hospuets and pubtj( heatrh insritute; dorng
o."gnosrir le$r.g. and {a, gtobJl surv. trn.e lef}oris,
erh"nLed q',rupi. anie s)s-ems n"r.onat su^er alce

lndore I nsrtl ut. ;f pharmacy,
r. \oRE (M.r' 15
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NumhsotnudrcBo s:mpleria Nunhsoinudt6sD gmpl.eze

Mu npte Gur otderh

ou$nkit rnd t.pari..r nluEn.ed.m5
Mrrcb , o, laboorory d*i wnh okome
Mkrcbhlor hbohbry de wthM out(ome

9ingt. druq ersrift. p,orhr

annb,on.u*.moig(h rdcnyounq. hai5@6
who'@ned rlnes

Modariryrumithftelm mal vmv-,en$oe
! shpriiqroh(hrd!!ath,idMortrdp,e roi

(inhge (modnity nt)
aauseo,d.dhiipvrdara

159

331

3

995

331

97363850

ror.liD .i.pusbyouE.typ!,199Groo9-d,oo9r@1F.r"d?e;*dr".",_)*

(appendix 1pp 18 20)wereused in mixed effects logistic
regression nod€ls to predi.t the facrion of sepsis
o.LJrnrB I e".h ot ..re Io5CBD.rroerl,ilq,aL(esor
deau,. rhL Jppro". h rottows dre merhod, rdt,d.l.o b)
many studies on the epidemiology ofsepsis.r, and was
u."d b. Rudd dr o Lo ""8 re.. qe rFp; mulrip.red ,he
riJ. r,o, ut .pp.j.p,.LI..pd r,omrh..ogsrtr r"tsre...r,,n
hud-1. on.o CBD cdL.a"gp sFr.vearlpFtrt L Jnd
ro.d'ron-peL t. m-rlJlrtr e.nnarFs lo d(,erm.nL rhumo-ali tr\r.opr for orr rra.ysr.. Our modal$
crvr'upe, onrsr.d ofJ ' \epsb dea.ns rn non.,ntecnou"
Jnd"rtL.ng, "J,".. ptu. djl e\p,.( [.eprs d-"rh\ {rLh an
in'e,,rouc undert\ing,ause r. CBD (Jppendr
r0.,,-,t41 CO\ tD.i1, on,ribr Fd.o rhp .epsi. non"t,.)

env"lope b' djo ro o., e.,,-ar,on ..

lr modelhng s,eo tuo d.urts on rhe Darhha\, oi
dbe".p pro\ opd n rl p mulripte ..J.e oroe,rh ddra or
ho.D J dN.n"rge orrJ $qp r.ed 1 d \e(ond JrsF o.
hlxed eflects log,st]c regression modets to furher.ubdtr,oF {' p.r. Jearh. jn-o 2? n rtoj .nt,..,ou,
s..,dron -.. ot $ nr n 't ..rJ bo.t Jdc.e,Gld"r.uuen\l{

AVR bLrd(n d J ,1ffi.,p.. J.."
"\" "l hLr DJrnog.. Tod. ,ngrdppFndHIpr1,.Tn.s-
rpg,e*ion' pred.LrFd he,,r(uor of sFpsrs.reLred dprlhs
ihat were caused by a siven infectious svndrome
\cprJre'. ro, "el cBD Lnder.yrng Laus. or deoh,
ro.,,.on. o8p .,\.r1d yFJ. ve Lspd rhis ,.aLrior lo
subdivide sepsis dea&s in non.infedious undertying
causes into spe(ific inie.tious syndromes. For undcrtyin;
.auses ot death thar are rtemselves iDlectious aU deaths

Case fatality,d(et and pathogen disrribution ror deaths
and incident carer (tteps I and 4)
For atulvtl(al srep fiiee hppendi\ I p 80,. we loot ddJ
Lh.l I'nked pathogFn{pponL disease rncidence lo derr,r
ro develop modejs for DarhocFn-specrfic u,e.fautrry raho,
(CfRE rhdr vaned b! age. year. .Geron, ald rnfelhous
smdrohe DeptrdirB o datJ qJatrry "1d J\/, abihry we
used lour leleis of granLrdnr per parhosen+rndrome,
esEmJlng (hom mu.l dere I lo teasu:J Lnque modet ror
Lt"t partogen.sndrome. J unjqLe inte(eDr tor Lhdr
pathoeen.syndrome rnJ modct$ati dara fora parhu8ens

" pooled modei tor each gi,en .nfenrous orgJnism tvpe
{eg..bacreria. fungus p.:r*ite and vrruq ir a poohd
model u$ng ai. dJrc. CrR models sere,m;temenred,4dr
rhe RegMod regressron modet
generated CFRS as a luncrjon ofthe Healthcale Access and
Qulilv {HAQ, Inde)L and vr ous bus.adtL:l.nq co\Jrales
irppenda I pp 12. it).' \e rien used CIR ,e,ul6 ropqr maF rmplied cses jor pr.h p.rhogen norn morktrry.
onl) data sources tI"r otherurse reporled uselut
rnro,mrrion on pdhog(n disnrburior\. In rotrt .hF
pdlhoSen d.stnbur,on mode.- h\eraged la m.[on Lo a., ,
"nd 

(aspr fion l4/ (ounrr es dno lerr oler roc\ mJtcLhe
pdlhogen dismbudon ol.",h rnh. nous "yno,one L, l8e
!eJr, dnd lo<-auon $rlh eo(h da,a:er rnctuding a unrque
speclrLm ol paLhogens and groups of pJlhoeen, l-o
rncorporate these heterogeneous dara, we used rhe
muhinomral esfimahon wirh panial drd Lompos,re
obsenJ ron, modetLnB environm;nr wh! h " oq. tor hc
indus.on ol rovanlFs rn Lhe nerwork a1-,\. and tor
8"!esrdn p,,ob ro be rnro?orJred rohodethe nt{,,ou,
smdrone pa*rogen dur,uunon romp,ehensNeb. se
enimJred where appjrubte rhe rnudpn.e ano dearn

ponions atrributable to vjral, fungal parasinc, and
patlogens; however, AMR burden was catcutarcd

PnnciPa! )-
lndorc Inslilule of Phalm"acy,
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muhidruC.resr{anr ex(iudrng e\lersr\ely druAiensrant
tubPr(ulo\b).,or whrch pubtrshpd GBD 2021 esamares
were already available,1

Cnen the sronS,€tatjonshr! beh,een rnribiorjL
consumplion lqels and rhe proliterarion of rcsislance
we modeled antibiotic corsumption at the narionat level
ro use as J coveriate in the srJ(ked ensembte model ofpnatFr(e ot resrname. DrG trom 65 DemoAraDh( end
Hearth suryev' Jnd tJE MLIhpte Inaicaror Clusrer
surucyj were Jndlyred usrng modet.bd jed geonclsncs to
quanlrty rnribionr usage in IMlCs. Itic uds combined
*1lh phamaceutMl sales darJ fiom IevtA. WHo, and
the [uropean Gnue lor Disedse prevennon ano Contlol:
using an ensembte spJiioremporr' Grussun pro{ess
reSressron modet.r Anirbroric uG "nd sJt.s dard tor
1990-2018 wrye used lo produce d lo(arion.year rorairare
on anlrbronr consumption for a| 204 counlries rnd
rerrtones beiween 1990 and 20ll in(juded in rhis srudy
(appendix I pp 12-15 56.80t"

rou,? r c obrtr ffrerd Fp1! br agc. r99crc)l l

,l em,l rnorratdEl b,,Uo,. t.r,rppror.r,_rct1 n..._e.
rh, n rrg..r Le\ rn rj," .-rs .! .1.es ,., ." fl u
appror.t w.s rpDLied for e\e1 ro. Jrro[ ].. r, o.nt r.drior
ol re'hrri!e to the dnuJrqj.j anatrseo pppend ^ I

Relative rist of death fordrug-resistant infection
compared with d ru9 +en ritive rn fect ions (rtep,8 and 9)u' ng d"td I om t/18 sor,. e, !ep.eiFrt rg /q0 n1 , o.l
5"rrplc. lron pcr'err. q rn u .ohe "r J rcsi.td..,. w,-.ri.."?d rhp ret.',,\r ,i,I ot,leirt. Jur e,.h pJ,tudrr
'rrLd comLrn"r.on Ibr " re.."nr .rlec.,r..urnp,n_
wilh a dnrg.sensitive infection usjng the m.ra
rA,"..,on- BevprLn. ,Fguh .cd. mm.d ,uot
Lpper d,\ I p 80 6e," ..e or Ll,.- .par...l r... .r , ".lhp ielJli,e r.\I L. ,,,lrLolh ,t,,.. p,nu;en ,j.d
,n'e. 

'jou. "vndronc. re ds,umpJ rt.d, . (j, d,J no cD
by locaiion and age, {hich is consisrent wilh the
"q|mplions mrde )v Ca.rrr dnd Lo.eJd re" qe,..,.
d '{o.lrgF modell.ng dpp,vrrn s h , mr\,J .fclr
binomjal logistE tugreseon and a mixed rflccts
metc j^SrFsion ,, odel In Fn r.arc ,e dn,. ,,.! or d,,rhru, edh p"rnog^.,-orLd .u1 J , ".."n r.nn.. ,J.\ I
pp hn r.)r lo,.hF lon.';,qt r\.p.. ,,.r *,'isr,n..,t
'he r'.lclr\r rn, re"se rj, lenrth ot \rr, "\so..rtcd w ,n ,
r..rsL, Lnft(lron (omp,reo ,rLh a su"c, puLt, ,nte, r,on
o' rr e .ame I rnJ 

'.pp-ndj^ I p 6ur Ddr"ontcngrt.Jj
sta) were !uihble fronr 109 sources represerting
'8 m.ll,or rdmr,.oi,.. wc ,.eL . ",nril,, r.od- ,!lcrrcho,l lor (x.e.. .ej,Crh Jr .lry o. h. 1., J ror
'-lrr,.e , sk d oe-rh s,,L . ,u,..,,s( 1.,atl [,\.Jpt'r.. n-rqregrc.o, rodct. DuF,o d".. .pc,.j.)
d.,!.Errd sirh drLB.r\hGn- FV",o.,r,o.... "r "-,

Tu ",. orn, tor mujlrd, rg r(,.,.,nl" re 6cd lneJe!et
mnrvbrolu$ d.ra rhdr rp$.d r,.,.%re i"",dre lur

nLjtipe J1 b.o,,(s ro p,odu,e boLh
r.argrndl Ieque"(r "f,."r$ah,e rnd prjMr{ (".
ocotrrences ior each pair oi annbiotics. Using thendts,nclrld. o-oL. JT"n(. rnlorm-r.un. $, rhrnrounJrhn bp.r m rl .noh at dr:rnbJ or lnar rdrcheu
r\J.LL( dr" r1 .h" ,e"sr s.,ud,, ,en\p. .lnc fr"rlod

. GDpe, du I p 5L) rFrr"rne, he oonhjsJl.n p,oLt"n.
orer t-h..pde ot m.rtr t"n"r. protr"titrq
tei,.' .quorp\ oprj,.a-r on p,obter o\e. rhe ,pr,e ot
n-dimensional probabiljty simplices, using the m'arginal

tnformation as data. The
guannteed to nnd a soluiion ftEn if

v-""
noisy, or murually rD.ons,i

d.'!.rilrd sirh drLB.rF\hGn- p\s",o.,tom.. \r unh
p,-J,i.rJ ",,on.rJ."l ".,,mihld,,,.s pdh,!ci .r..

(,uJu.F rLrJrn . ,.*. f\p. p",,"*,,_u ,.

ll Princidat
tCAQ

lntlotgth$rlr0r.trf"fi difirqkx rc,4
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,umb,nqrjons rhrr trere muruo v erctusive wrthrn a
8,.-n pa.rhogen cnd r,ru. \outd ue Jdded,. trF prooJ(edd I opulor on .rlb rlqDl. rrqllron lpAt t for c"rh
ressta.cc p.o6te with resistan.e to at l.ast one drug
(lppendir I pp 6s 72).

(omputing burde n attribirtable ro druq resirtan.e and
Durden asso(i. ied with drug- reristan r infecrion3
(ttep10)
\ve computed 610 counterfaduah to estimate fie drug..n.r" Ib,roe1 urp burden JllnbuaDh ro bd.,ena] AMRbred. rthr.ounr."\ru" otdag.F."rr\erlfer oh.nd
r1F tlrden J.so.ror-d {.rh La,rerut AMR ra\ed o. rheioJntF i\tuJt ot ro Inr.Lno- Thes" merhods aede{rbedins,.rrerdetarti, dppendu.,ptbr -2) Bnpfl)_ rn prndc lh. bL.dFr ,firibJuLte ro AVR. we F.n
'"l.ui"r-d |,F oerf . dnriburdble ru resj{ran.F b\ rJtj,jg'q ea.n 

,urdi 
,\.ng roEe rh producr 

"r ..use ,p., r.
dedUF tlrr t,a!ho,r ot !hp"e oe"drs .u.or,um.rg srLr
sepsis, the fiacnon of sepsis deaths attributable to each
inL.tious slndrorre, rhe f.action of infecrlous srmdrome
de"1h- "lribJlJLh .o edh parl.oSer dnd lhp moda.q
tAl- fo- e.'1 resi\lan.F protie. we used s,dndr.d CBD
n "L\ois 

.o (onven rge{pe(rh. dearh, inro }eJrs o, trlero. rYtL. L.ing .hF srrnoJrd .oLnr. afiua. titeepe.tlnn d tuth "Be. lo ca(dale an.bL.dLte )e,,,(lrFd qrh dr.,L..jB ly, Ds,. qe rool, rhe prodL,, ot .he
rn'{h@s.+nd ornr rn. oer ., rrppcndu r pp l-_ i4 rhc
rto, r on ot ..rtelhou\ .vnJrome In( roent L",F,..i,bLUhtp
ro-- h pahogen yt Dsp", jn,,dpnr(a,F Jnd l]tenon.trr.,l

IIAL For restsanLe profite. tn". hJd F{,larce ro more
rhrn one Jnrbio,,L (L* we ,pdrai.ured Jurdpn -o tnejndNrdr.al"nrrb.orL chse. Iroponron" l} J"sed o,r /(cs
nsk p,oqd,nd J .nlturlh e\tu{\e bJ,o,- ,o, .a,f
ll'l:s*^d-g .omL,.ar,,n ,appp.dr I pp ,.5, ./) ro
cr.urare DAt).. we ook Llp \rm or yt-. rr o ) I D, tb
en:mare rhe oLetul' AvR rL.oen of l]le orug.+1( Np
.oJnrerlacrur. se s'rhmd rhp rurd.n esrmrr"s ofp\-ryp"Uogen-iruBrcTJ.n"rion.lh.approdnror rt(Jtrr nE
.he hrlLJrden r,o. L?d w,rh AVp q.ri rdenr.\, exppr
we..ephced rhe monatiry pAF tor each resistance profile
$ rn *_e pr.val{lF or rp.i. cn.F In de"rh. Gpp..nou I

Dpcaqoos,t,or at the!o io^.o4rrounng ro.,-onqe,. AMq

Yol,e,r{unJa,"nd r1e,t,JU,r.ur,,,bur,u. L v.,,uJ!
lactors to thc ovcrall changc in dcarhs associared withrMR. " drd " r.,r ro. d".nmp. .rrion J ,"|\.., o.Jw.grrorn mrrnod\ d.\.top.J uL Da. U_pr-.. Tir.,
o.rcmpos.ion "(.oL ed for re io..or ne fr.ror,
r') pop'Io rcr 8rcsrh. lr, lt . popl.drio. d€e .lrL.urF
(r) oe "eps.s morc,irv ra e. lll LhF proporuon or rpsB
de"rhs a,locJreo srrn A[.{F svndromer. (5) hp
propo'1ror ot AVB ..nd.ome de"rts J*o.Lrcd sl h
AMR bacteru. and (6) the proportion of AN1R becrena
dearh. "socr"red wj.t res,,.,,..c Ihc . e. .n ou.r,rortJr donF,oJ Elobo. anJ C BD.uper.reg o,, t,,.. ".r m,r..(omp",rne 1990,o l0t, rur a dej",tpd up- . pr,or or rt e
n'fihods see apperdrx I (pp 70-72)

Auodt.dd!.th.ounr(thou!.hdr) Asdi.t dd..rhEt rp.r1ooooo Au,rbur.bled. h ar.perlooooo

1990 2019 20rr l05o 1990

5550)

l33s-

u16
(995

(235

551

49)

9650)

331

396

52.9 513

591)

04 a-

59 5)

9ll

(s3 6
657)

363

(46 3-

1593-

7)9)

1517
37 \)

(841,

{3r}
1ll)

(19t

153

139)

155

153

I
12oo u40 1910 19.3
o05G (1000, os6o, 05 3- (11 6_
1150) 1230) 2260) ,r 9) 174)
636 640 319 rso 164

199)- tss, 1671- 1!& r.1_
7301 7)3) 937r rS)) 136r
111 125 192 11.9

o1t o10, oitt (9 u- do 6_146) Lo) 29) 147) ir,
3:4 la1
t7z4 167 7- ttr1- \r14 t1r 4,92, 336) 135) 1)1t 15s)
647 602 133 18.6 10.7

(54 4- {5or- (ro7- tr46- L3 97-751) 7o3) 16,) 216) ial
156 ll5 2a2 19 7lSol Q3r i461. o?3- h6t4d3) 137) r43r ]]6) ,6)
2lr 27o 42a U.3(rr5- (?r7- 043- O15107) 3o4) 51' 130)
,r7 roq ll3 4r3

1r9 1161 124s- 3r,1761 257) 4161 53

glohir, by630 rupa_rcqion, aor

robrer: D. hr(in<ounBrndaI.aqr
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s$g EEg Fg€ $Bs Hgo Bsg xso bEF l,iVt . Tuture pdt,t Sre-arior ri.-ewo.^ p. .d,r,-
ro,(\rjl{ otd sp"sc l,LrdLn b) ."u.c. aec. .e\ ", c tora.tr,
'ror 20,,.,-2050 Tllf.p es..m"re" o.u se^r Lurttpn $(rc
comblred wrth fore.asis of AMR ro forecast dre iuture
burdcn atrributabte toind associared withAMR Del.ilcd
methods for the Furu!e Hcalth Scenarios framework are
described in detaitby Vothet and co eague..

F ore osti ng AMR poput oron ot t nbu t obte f d.Ion s
we L.Fd lh- h..ori(ct .surn.,ei otoecrh. duF ro AVR
(attriburabh death, Lry CBD cause and comprt.d
19 ?AFs ior CBD Level 2 causes with AMR aftriburi rp
Lie.rh ,ou rr We .t(n Js.o " C rer"..rd tn*mLta
A4odel ro rore(a.l rtn r%.lror or .J, \a.l1F.rh. oeain.
due to Al\4R.'hs nodet u."o rwu m"ir n),de..r,d
appioachesi lhe weighted annualised rate ot change and
" lqo..cg, ..ptr.( mooet DJ,crlor ,n" n ci. -(r....ro,
ca', 'ran re8uLrr.,l r,,mmed ru .t ro drler-r.l) drflurel, . .ub.mode s {"pplnor I pp 7J_-4) $F t.Lr.
obci',ed lhe 6nr. AVR pArr ensembte toiecr,B \
'dk.ng " 

ryan o\er rh.f s . )mod"t. J, ng the s_rptir,E
kprgh.,lro1r rhe o]l.otrcn pte e\pe.m.n.. t_.nd , s"
rpplied rhesp PAI. -ore.rs.: ro oJ reter... .cr.se.
specjFc lorecasts ot monatity

tonputihg luturc outibutoble ond assacioted butdenror . -mpullng "hr 
.I" rl. AMR burdFi. \e rrn rlrpl.ed,,ur relpren,t .," dlr) Jr'd yLl to.Far. r"r

19 Guse groups at rhe age+erlocation ievet by rhc
loccasied AMR pAFs describ.d iI] rhe seciion,h{)!r
Afrdr-rd.. we,u.,,p',rud AVR.r aLL,J'te "_D. .)

"o.h ii'd " sk dr n 11" "1j , rrrLh y.-. r.rn6.t , b,..,.idrro.L Yll.YlD Avk deJrf: [, zorr" t.", .. *.
, ompLtd AMR{I Jureu.e DALy" ) rJt ne rtrc ..rm ,.
AMRrnabutable yLLs rnd \ rDr

For computing associated AMR burden, firsr. we
computed the rario of A M R.associa led de!ths to AMR
J,r,,bx"b." dedtl . to, t9 .rL5e q,oup. Li Jp- ..,
lo,"',or rn 202t. ue.hen turtriptred o 4MF rA,.,
rhF'"sLl ngidUo o(a1.,. Jr"."ocidredrujdento,e. ^r.for eachmeesure usm8 the $me nrethods.s compuxng
anributablc burden.

D ev elopin g AM R scenonos
'l Lr" rr( r. tu e .. ekr. p,uvrJc\ " p,obdLj ,.,,\ ro.r\;.r
u, rl,- 

'10.r l.tdr tLru.e lr, "tlJir.o..sccnario. we produced rwo alternarivc scen,)rios rh.
cmm.leSative druS scenario and the berter carcs.trJrD ye de'etoped rhe cram.negah\e dn,c
s(enJ, ro under the dssumpfion rh"r r 168rtar relea:e ur
nes. polenr anl,broll(s t3rgehne Crdm.neeJrive br.leda
world lead to de.rersps n AMR burdenl To srmLtare
this, we calculated the fraction ofAMR burden caused
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Abstract

Al 1600p9/mr, the greatesl percentage of denaturation of egg arbumin was inhibiled by synthesized acelophenone
(89' 1 610 38%) Al lhe grealesl concenlralion, the synrhesized acelophenone showed a sign it ca nl effect of o bstruct ng
p rore n denalu rarion in a dose-depen d ent ma n ne r rt was nvest gated whether the synrhesized acetoph enone cou d keep
BSA from becoming denalurated. synthesized acetophenone demonstraled lhe grealest percenlage denaturation of BSA to

_ )e 76.59i0 56% at 'l600!g/mt. The RBC membrane was stabilized by the synthesized acetophenone in a dose_dependenl
manner, wilh the maximum stabirty occurring ar 1600 pg/mi. Al 1600 pg/mr, lhe greatesl percenraqe rnhrbrlion of RBC
meribrane rysis (91.15r0.31%)was observed in contrast to DS (90 o1i0.02%)and piroxrcam (80.3410.290/0). The highesl
and lowest revers of trypsrnase activity hindrance were seen at 1600pg/ml and 50!g/m , respectivery. ,or rhe synthesized
acetophenone The greatest percentage of lrypsrnase actvty suppression was loLrnd lo be E3 94r0 24.
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a.poplo,,anL.poplokslml6!ss

apoprosh in neurodegenorarion has nenned f.om rhe
t peBuading neuronalapoproric dearh m.y be tucial ro lne

iron ofa d6sr and rhar anr.apopro,tr ipproJ(hes

'n 
rhe prevenUon otneurodege
nding orthe.ole that apoprosh plays in

ve p.ocesses will serue as lhe toundanon fo.
.esearch inro rhe devetopmenr oilocuscd. eff€.rjvp

@

open Access @ O) Reeiew

lnsights on aspects of apoptosis
rn neurodegenerative disorders: a
comprehensive review
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Re.oived: O.tober 14, 2023 A.c.ptsdr Nov€mbd0B 2023 pubtishod:

Acadomrc Edio.r Hua Su. U^ ve6 ry otCatrrorn a USA

Abstract

\'.rvp.eldedrh,.'necqI"td.pe.rol,Lronne,roo.gcne.,. 
8

drordp\ N"-rona,d.d.hrr rd r.r.te,o.,orr"on." or\dr,oL,rLn n I "L'Jlo8notoj.oro^,. .L hd.Al/hF,nej.drFdn..
lajkrr.on ! ohpd.e Hu1rnflo, .d..pr.e dnvurjoph.-t"r.rdl.. "ror.."ndqroke lnoe\qopj,gncLron..opop.o!,.(d!\Lned
lo o'or:dp. .oLnr.rootdn.c roorcre\uDercn i, rdpf!d.0.
Nunaou.ng.al(m,yrndr.,,.pop,o....nneurons, .h_stne
absonce olneu.otrophic tacror suipo.r, inc.€ased tevels ot
meiaboLcand oxidalivenres,and overnimutalionorsluramle
receplors lleadnS lo the calcium innuxl ce! dearh and
neurological djsorders have been retar.d ro oxidarive sl.es. whi.h
creares an imbalanco be&ecn anrioxidanr defenses and iree
iadr alp oou,.ion. tl.ih pdpcr d\unnanolrtdeng.o.lma or
oxLdanve rrcss, neuronat apoprons, and m o.hondnal
dysiuncrion in neu.odcgenorative disorde.s has been discusscd.,u 

'u\.d,rr rhp.dp\ ,p, ren rt ,. h -n.p Jor r eu.odpR-, { -,r. n
Unesles in hum.n berngs 6 {LI up for dspure dc\pjro
cncouragtnS pre chnal .esearch undinSs oneelucidalion torlhN
dr,pai r'\ . oLld De 

're 
1or..1r,rcni r oi dn d(c.rdre 

^d) 
ro d!\c\)

otudJrr!e n'ers in lhc brarn Thee\ploron rn re5ear.h on
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Apopross, neurodetener.rlon, reacriv. oxwen ,pec,er. neuroni .EEe6
o&dillve skes6, cell de.rh

lntroduction

APoplons rsa phenohenon ofprogranmed cel oeath, i. sh..n
G!sdresquenridlt, ar rneerd.Tlecenrrd. netuous syfem I dlr aln,l durmgbolh acLreand (hron.c neurcdespnehLve
0bordeB rNDsrlr, lne onler and pr"rd en.p ot ND, !u.h a!
Parkinson\disease(pD),alzheimef\disease(AD),and .o!elead
ro on alarmmSrukor m( Fae i ne runber or peopte r-r,er.ng
Irofr n. These di!order) cau\e.1" a.g.n".ruon otn"u,on,
oidative srress and excessive celt.nediated proteotysis lzt.
Degenerarln8 neurcns ernDI ox,oauve nrps and exce$tre
(qkrum mpdkkdprckotv!hdr.1ec. tJtartevet,whtrn pvenrud lresrrs rn apoprois. Jr dpopro\tr rhe.p and.L.teu! st nk and
rorm blebbinS, causinS ch.omatin ftagnenration, loss oladneslon,
drd rdpid engxtlmenl bv phago(r1os,l.lt Apopro.r d.soL"uler
several bb(hemtcdtchdnSe)aton8wtrh morpholoq-,d.oherduon!
su(h ds DNA fraSherlauon,plasma membrane depotanzalon,
rlao!om. permFrb.l v. ano.rhanced tom ar.on ofreacure oxySen
sppcres rRosi l4t. tndL. non ot apopro{s b d(hreved b! n "n)h.rtod! dppendrng on rher. parhwa\\ such as.n,prnal and
*krnal ninrL Inrernatn.mLti are rri8gprpd by"LU\dIns
rnhnn( pa'hhas ,ucn as abnormatn,es.n Ine DNA qnd pxrefndt
sr,muliarp dcUrdred by crloirnp\,u.n as eirnny. sicnat,.,gp lway(l5l fte def paono, 

"ohataDoplox( pa;h,y" by
cue.nerat l6l6deptr'edrn Fr8urc I

Dtsphy tult sjze

The desoiption orlhe general apoptosis parhway ofa c.ll

Thsapoptosis pathways elaborared in Figure t show djfierenr
ol^".e,.Jchds.hnnkrr8ur'ncce.t,nehbr"nebteDbrna.re
.oudp$ orrhe ru( eu\. nornat apopro.i( body ano d..heej d e"o.
roly.',o1,-eapop.ouL bodr Ihpoe..fl prrvep"rhhdy. nc.udp rho
du,e.en merhods otapop.ors \rcha\.n.nn\.t rnd " nrc
parhways iorcascades, asd€pjcred in rigur.2
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lntrinsic apoptosis
-he mna e. rpbr -med. pdj rd.e.trtxn81at..rard.epod.,,1
rrlnnt ..Bndt.n8 part wo\ ror orogrdnh"o !e., oearn n.tudr rtrndnerc6 mi@londr htprme!,e\ thd. nan apop.or\ | 

., rnrrnrrr-!, pd hwc\ Ior proS!amred, e.tdecrn ton;t!o !p qc..vqreo
o!oatrd8e roielLhr D!A t-o dpop.o,( pjo,eh,.er o.t.d\p..e.\htrh rm lgulde sqioti e.td""rr parhwov,. rhp.p pro,p.n\
ar.o errq rh. f.tutd L(.a. *npre.hq rflggej apop,o!.\ dno
UN4 ddmage 1\emrovd. oi8-own lo,or,upph; en,. rromcu|u-eredb erposu.eroutrrdvroh,rwi,gnr
dre er0nplp) ol!.Ld.ion\ rhdr can nan rnp r.rjj, ,. pdr iJy,ro.
,,.ran,co\morl ormqcbot(j.rnhppnd.rns".((;o,,dnc$

l:.]i'l:l :ii..| g:I"!. when pxpo..d,ow dd.",.o- ,r yn,nc
oa.p pd.r. od\o-b L Bphoron.whrct lhenlo.n\,operher ro
g-enprqie p\rimidme drtr{s Ros proqucrion rdy r.\..n -e,pon!e
Y lroHh io'or B.rrdrd^d o.o.!dr,rd+,-t n Ln rrdn.c, hos.dn'din,N^'-rou8n.{qd..f.r..n.\m!.n,tudns!,."
mod 

'caIon t3l

ll" rerdru ! har"pofFd rh" nctud.ng n)por.".
trFve^rbteDNA damqg" oxrdd.va, re,,. ..d vrra. lc..on dre
InSSPPd bv rrirn,n pdrhw \ uhjchw,I(a-..rhp-fprd.,un.n
thP r"led.p of. yro.hror" rrom n o nond.." dno tori rne,orpt,r".wrh'ledpoprorroro,4o+r,rv 

nnSracror t,^p, )
and procaspase l9l

Extrinsic apoptosis
Trdr,menDrdned"alhrp.eprois. nan dre rh. producr otrhe
rumor np. ro,h facror(/Nn jp cprorgenp.rre d conponpn. or rn!
exrnn!c..gnatingiafaoe,hd, re._t1 rr dpop.oJ.ttol,heJe
? ppior. jnFmr'h rh rnn,r ,gd, o!,o brno aro rranstdle
nrac.llutar sisnals rharlead rocelldearh trwo.kson rhe acnveie..pro.and .Lb\cq-.n',\ to.no. pro.d\pa!e.sa.d rr/ Rt

'rei'piorrv?p I pro(d.p!!p3trq.LvdrEdo,.,trmrluDror.n
omFFx hhich rdl,opoprons.or I e pro(es o,.eJ oedn.fveclc.pde, wt rh de pro.ea."" w t spe. r(brotoBr"t

GrSets d(hvo.\ed jn,hengnd,.|dn.dL, orojhc"xu.nr!
parhwd, Inedclva.ronof rpd\p(ane!hdvar.a.yo,.e.trdr
prc.erA"ndpldwdngnrfiran,pdr. n aproie$rlalr.!ur r.

Prompts of apoptosis: oxidative stress
and Cez'

Oxidative stress
A h.8h lewlof tos {ch ", FvoroSen peroxrde rddnah nn.L.i
hydroxvlEd.(ah hofl,. dr d \rperoxjoe dnron dnd an rnbdtrl(p oranriolddnr pnzvh* conrriD Ic ro oxidartve nrp$. whrh.. Idd.nen'alId,orrr nemoryov,tunc on\I2l orioa,.\enrcs
mov Deds.o(idredqrn cpI membrane mLrJauon Irom Lbrd
peroudar.on.vrcrsntudesrn pro,"i" q.un,,"ana iumr.on,..
sru!ru'atoanagetoDNA A:rhebrdhroneor rhemos
mera!,ol(dll\ awf q3aN.n hebody hpadrcutarty 1Lf4p1D.croordar.v. re\sror rhe r.asons Lred oeiow Fr6r. n;h.8h
oxysen demand (20% of(he body\ oxygen inrake) second, rhe
brarnr)fuUorredoxa' venera.(.rke.opperdndlon,wntrn

'on{dnrl, d(relerdreRosproduoron thrrd rnemem!!are. otbrarn,.Ierc a.nubsknlDtamoLnaolpolvLhirurdtedrd 
,acrd..lnard(a\subjrore\rort.prdperorddrion rounh,rnebrajn

llwdsev,denr from a r.leaPh eudyrharsnow.d a prompr
rftkdse m qrddtre nrc$ tev.,, a: ompdredroneurotogrcal)
rrpirred pau.nh wnhaSrns fdr.or\ J rom.te rrmunor ErotoSr(dt
aammauon w eqdenr rhe rncrea5ed prorern ox.daIon, d1o
xprd p{drdaoon in braina.pa! havilgnerrotrbir aru-an8,e! and

hakompaBlivdylow levels ofcsH, whnh funcrions as;n
s antiox,dant lhat helps jn eliminadng ROS J131.

plaques. t n aD, rhe ce.ebrospin"l n,td ;d *.;*;6i;
levels su.h as 4-hydroxynonenat t14t. var;rions in

antioxida!( enzimes caralase, c,,lZn -p..*i* ai,^ri","
DIand Vn.soDac.au*o bv rhF Increasedovdd,ivejrey In
The* "nzvmaprc*nr.n rrereurons m rhe membrane cdL5e

lipid pe.o,idarlon wirh an rncr** 
",r," 

**.i- "ii*naldehvdB !ch as +hydrcxynonenat or matondlatdehyde theser--"^....,. *..",-....:-",..,,",h"

/..l
N _,'
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3€n.rauon ot Ros. hhicn cause\ n ochondldl dystLn(ion! lrsl
Nnrlc oxrde (NO), whj.h tunctions as ! second hesrenge.and canconbme qth slpercxide d on roSererareperoxynnr e
lu-Nt oiu, prothcs.an mreresrirg conc.pl concemiry oedau!escas m neuo,.lr has been deoonJl ra red rfar oNoo(.r bnercroncdnd ind(e5 apopbsis rn teukemn .eus rtGl. SeveratsDslances in(ludirS viran i. ri eeroSen\i ur( acrdi and
8ru-rflh-ione, are dutkd rc 6uehare o&dsrive s,ress. tney have@fn reponed to preknr cellular in,ury and memDrane prd orprolerndamage.Tnmush lnerunorprorein(prJ,, potvrADp{iboseJ
poryrreBs!.(pARp), o, rh€ aLara retangjedana muranrL4r n, Ro!csn cduse DNA dahaS€. whrh tnS8ers t.tnat apoDtouc srSnatrnS
t171. x.w* evidenr$ oxjdao," ,r,"" r, eo irJ r."u.ngrg r*radicaLwhr(h . wed $ a muroproleove rh.rapr tor rhequease. Moreove. prophytac crre nenr qth k€;Bd(al
scavenge.s stch as vitanin E may .educe rhe rlsk ot AD.

Perturbed Ca2+ homeostasls
Dre aherrion dnd oylfun(ron m rhe ca-.egllarion have beenrepon"d'nvanous(lin(alnudie,onpdrjentrw.lh^D 

the
i neurotLoriuan (hanga ar exnDned by(alpam.tr whrch gea

ao'valed by rhe etrsrion otca., dpp.ndenr prok.se lrSl. Theorroarryestresmgre trr rdre dtar caloum levels ran aL,jvare(yrernelrcreases c.Ued cspdres, !u(h a! catpah tinted ron.!ron8l c.! dea lh some rcndruonr. su, rr x c*eorur iscrremu,
eplrepsy. &d mumar bran rnJury dfier l lhe (atcium homeonasis
or neuons and ove.sumdare capUlaries ll9l.
Torahraintrlul rcn homeojar\and cel vidb rry(irpa.n
oep!nds on a wrieryoI b$cres mcludhE mehbr.ne r.cepro6Mises pnosphatses, cyr6tieterat prorems. and rran\ponFre.
Doessed kverE ot ctpaiN or lhe endosenou5 catparn r nhl! or,carpas(arn, have been conneded ro neu.on Io$ hrverul
neurcdl8emraUve Ulnes$, mJ uding anyotrophtc Gre.a,
,crerosk(ALs). pD.andaDl2ot cdrpahrnhrb ;^inhit ed
neuronal ceU dearh in a valjery ofexperinent.lscenanos,
supponinS lhe rda the etpahs are crucist rn rhe.e8!lalrcn orapopro$andneooss Theelslen,eorhiShe.ca-.btndrng
proteDs surh as calrelinll and Lalbrndm,whr.n are css,anr roneurorDnxa N degenaauon hasbern found ropromore
neurooegenerauon in AD lness 121t.

Ir Esldely Inown rnar lhecvloroxi. buildupofrnuace trldr
cakrum ptdr a cruqatrote in neuronal cr dedth a! wex asorhersresrcondlron:likero&ciryThecflorox( irrraceuutarcdT. amedhredvrdlhe\UmuhuonofBtu.amalere(eproR tntr
s:ren8rhensrhe!ot,age-dependenr car. channels. merdborrop(
Sruramare recepro6, and Car' permeab.e o amino.S.nydroxy-5.
nd hyl.4-isoszoh propronmr rd IAMpA)receproB l2z, rn.terhdl(cunulduohotca,- m apophric ce s F caus.d dre ro rle overatlrwr,on of glutam{e reeproB This fa,al."sutr arEe,duerolhe
creaw8e of ion pufrps d@ to vsnabixry in the physioloSrcat
€rvlronoent-whrch suppors rhe pumprnS out ofca?,ro marntcrna
sEDre ndre or.,1orbc cahrum 231. On esposure !o apoprotrc
damaSe rh(aspase\ orcalpaln"t*o.. 

^,tru,ua.nao"",.,r,.ror pumps. Thjs lets rhe ca, ionpumprenov€huaesnounlsor
ca(Nm thal hcwe(unul ed h the.yosot. Becauseotths,
carcium hom@ss E upfr, wh rch ulrjmarety (ause! apopror (
ngnannS ro ch.rIe ro necrosr

Itreveal\ rhar rhe ngrahnS parhwarsofapoprosis are crucra,lor
oe dlvetopment ahd corrrol orillne$..ner€ arp suu a targenunb{orproressrhatareuntnownandarervotvedmvdnous
sgnarmgpathways TheDLrpos€or rhdr unrdenurjedprolerr soLtdDeasa hnrerpro'ein, wh(h would be dbte ro trear;nop rhpaberamlosofnpuat.e rInnedrodeSenerd(iver nesses Uneotll'e kevSoalsol cLrenr r.en(e N rolnoenrand rhe merhan.,m ofp^rore'n, in rhe sqnalrnS parhways olapoprosB and anrHpoptor,

Pathogenesis of neurogenerative
dlsorders

ProrFopdrhre, are drea,es In wl rch some prore.ns o.vetup
rics. rhrch d.e aS8reSared dr

, cllL."r lpvek and.n.b. r.: cd".,,,8,.",",";,;;;'";,.,
ntlqIe" 12)l n e proreoparh.". 

"o.pn," "ev"iur rin.,"
p{Lrhrrv 4(unutaFd p,ein, *"; ," O"y, i;,i,","i,"i'
when rhe rEto.ded orcrwi, dtprc.e,n..(, unLtd.e.n the nr ffic",oDlasmic and ex*aceltdar 

";.,.,r...,,,,""d;;;,;;;;;;;;
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r?raboLc hpaundr, al rhF (eLutar tevel ihe ano.apoprouc orreuroprorecrive ngndrmg p hhays.ompnsrns neu;rropnrc
racrols (!lokin.s_ed mndioonins respon*s ;ay orlfr lne asnserre rand neredjrary predisporrion m rhe erperimenrat modetrol
NDs t271.

J:e-:.11!la' Io-du.,'on: acrrauor or rre parhway for Nu \)nrne{s.
orrupuon ot (enuta r akrum homeondns,and progaammed (e.toe6 areat rsctoslh conrrilurerotheprosr.ssionot
neJlodeSenerarivp itlne$es assocEred wnn g.uramereBrc
ohrur(t,on 128.29). ftese merhods mav induce mul a;nol
proreins, nuclei.acrds,and trp,ds. as weU ds open the pore, otm o.hondriat p€rmedbil[\ rran,Ion, wrrch mayinc;ease rhe Ros
senerarron. energ! failue de8enerdrion, and proclamar.on orp,oapoproticsubndncestrtecrlcrnrhecrloptashl3ot 

lne
overprcdu(rlon otRo! and doMreE!lauon olar oridanr deten.e
caus€ rhe dearh otNDr neuronatceus 13jl A varco ofneu,rode8m{drErltEs6 e Lnred rornappropr;aF re8!. .0norwrrr0Larenrn(wu(,esnar.nst32) DeSer*ari;en. edueaf,

e rn@8h' ro.onk.buG to rhp oerer,ora(ion olvcnous v atbooilJ
ruhcIonr, rnctuding memorv, brearhrnS, batan.e,speecn.
movenenr.qnd hea beartzgl Tneta.ro^ Ior rrepdlogensr otreurosenera ve dForders bv M.hc er , t33t die rnr$;,ed .n

a,.rJ \. )
?-t= ffi,*

r"Q
*.* ".8:.1

.,v.,_,

Dlsptay firU slze

Parhogenesis ofNDs HD: Xunijngron! disease

Apoptosis involvement in NDs

Apoptosh isa rundamental physiologic proccss rhar contributes ro(eilular hoh"onA." Apopto:,. rpro8.ammed ceU dedn,.\ a .\p"
ol ph.s.olostr al ce JIar suk.oc.hd o, rLr, rn FreiotorotoStr_l
proLp$es.indudrnB nmunerespon!e \ynaproBene,)
cmrvo8eNn! end,ormd 1.\L4ondorgdr rnLotverdnr.Normd
br"rn daelopmehr oeoproo on pros-dnr"d (e.t dearn .r dIp(b
Ih"qLanIr\ d^d hpFo, raL..n,1e growrnS brc and.p.ndt oro,nore sentrdllorlncdeLptoprenrota fun,Iondtneurdt
rqworF lnp4fo.ogr d...r,unJanLe, n jrc.\opantya.rorrrd!.
ror phv.ioloSratdSrnsand he ae" r or nerrons inrea,o rr:. tz_Apooour p.lded.l trwe.t(,ara.,e-ieorjaarqupn,^or
n rot"loF..rrdrid.ron. Ind,onp..,edr,inrdrjonotnuctd,r .nd,!'opl^n.. omDan."n,..,o.o!r,".runor!hjona.,n tNA
degrrda'lon rn'o traAmen,, or otLEonud.o\omc!. and an
u. ornp r ot nrkdr narr.clI ro rnp ve.r Ltcr 

"popro tr Dodn,
I]4J

Neurodege.erativedisorde.scauseneuronaldearharrhe.euular
lpvcl d, a rp.uh oroxrddlre nr... DNA odn ap" ". c re.i.r otcndopid.mn -er.crtun 

'Lk. nre.) dr o d.trLpron ot "t.Ltdrdr,rurhomeoian. tr""pp,.enr rp:urE",rrf .. p.or o
.nd'vidrdl! dr o rhe nor n atdge or rhe popu.d o. tr.,.r,e!.t) d tFo

e van nunber oipe.sons havrnS
t\
N/

PrinMal
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Innudon otapoprosrs bv parhogenr prorerns of Nrrr. Atp:
ad.donne rrlphosphate: mtDNA. mtrochondnat DNA: at.
apoptosieinducjnS tacro.

Mltochondrial .poptolic signaling
Mnochondrial dystuncron plays a crucrat role ln fie etiology of
NDs Numereur fragments of dara sugxe$rh6l NDs hrve
protoundly impatred n[ochondna. acUvjr] The mttochondria are
n rgnry wherabre rc oridauve sress as I ha\ rhe Drimafr
organeles ror the producuon of ATp rnd aE rhe ;si! so,(e ot
RoS generarton 1371. Ilte release ofCrl c, wtuch o.cuDies cenrer
srage a: oe stsnihg poht and med.aror otrhe dpopr;si! carade,.s
ue maJor paBdiSn'n mnochondrm-medhted ap;Fou( JisnatrnS(rl . ads d a mohcuhr adapror rhat couples lhep;ocaspase.e dnd
Apar.l roprooucerheapopro\orercmptex dunn;rhe.cwaIon orhedeaih proreare, c6spase3 cI4 cE released from rhc
mlh(hondna rrorhe(uo.olenher bv nonjpe(jnca yexpdrornS
and ruprurhS rne n ochondrra orby open,ng a panriuiar chcnnel
or pernFsb irv tranrnon pore in rhen o(nondnatmembrane.
Member,or rhepro-andanu cpoprorr subtah ies ol B.ceL
tvrphoma 2rBcl.2rare lheguardrans of Lhannet.medt.red Crl.
releasew hrnmnochondna ThFnOsnechanismof apop,osr
sgnarDg B probdblvSoing ro be.iuflatrn rcperfu{on.uduceo
murcnatcrUdearhnnepor.Echem.(mno(hondriacanproduce
noreRoS[34t.'nrBm ochondriatpsrhw,vof re utarapoprot.\s
dusrated ln Figu.e 5

IiSure 5.

lh. m.rochondnal parh$dv oi .t.Ltdr opopro!.,. sdr. Bu
2 asso(Erod x .rn'qn

Novel strategies for preventing
I apoptosis/anti-apopi6tic

g ies

apoFtosh mdudron ir rumor cells atrecls rh. and_lumor
irIfi (aru of radrorhrapv and, hehorherapy However, lhF..Sndrcanr ddver:erhpacroirnosepro.apoprorrc rherapres ha!

Pri
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ca\psernhDirorsaredtrobernSut ./.d Tneb.otogyot npurc.
sten ceus aho lhe 'anu.ath8" en?wne rerom{ase h;re atso D+nrfilr*d ocm e No dr$jnd srrdregre\ roravordrn8 apoploy: andrepracrnSdamagedordeadneuron! rhesr-baieDNArrped,
sequence(TlAccc)aaddedro hromosomalendrbvlhe
lelomerd:F rereBe rrannflptas. rTrRT) en/yme wh:,h nd\
re(en vanracied a tor q a muo, dLe.o rr purporred _anr.-a8hs,
,dpabUirjes TtRT may d!s^rdn dflr.apoprori, ac viryrn neLrons!ysLppre$'ngrhe tLRl efpre$ronsoradrrry whrchmate!rnem
moFwtnpBble loo&d rv.andexcno.oxn nhulr. co.ver,e y.
ove rexpression ot TE RT prorec r s the neu.ons troh a popr oss I39l
acetylcholine (Ach) isa paMsyhpa(heric neurooansmnrer rhar also

:llln,es ropr:8eF$ h Mns cer\,o innuen(e memory dndrarnrnS.n people. w.rn rhr.eaop.oved med.car.ofsrdonepeT.t.
Salancmine and na{.BmncJ d.e,vtcholr.ej.rase rnnrD rorriACLLhr 4e he hcr w" rA",fthpd medtralons dr o rhp turr.oorerr.armmrlo. \,D\8.mdt.y Neveflnete$..1eac1Lt\rrp,e!!
valucble in rhe advancpd nage! or hey necery.are d hisherdo\e
wnrn arso upsurSes rhp rjsr or cdr.rse eltecr,. orer the yeq^,
manyporenral candidates hke nd.ifonate and resofensi;e Gme!-nderflnrcrrrEtsAchErsburfaledarrendinraSesmd.n4 

oue
ro rnAr $terypronk Alrogdner, rhr eudene jndr;tesdr awtut
and unmer necessny fo. the developmenr ornovel AchEk l4ol.
somepotenr apoprolic medicadons used ror rhe oeafienr or NDs
are descriled in Table 1.

iiil;,r"'*' **.'" *"o,,.,ions used io. rhe trealmonr

Si D.ug5 Mechdism ot
No, actio!

1 Minocrcline Inhibirion oflhe

radicalsandrhe
neuroroxrcny
causedby6_0HDA
in rar cGN.

2. Rasagitine Thiscauses MAO.B

ccN

cs73v6l

srlJo.: *.ial numb*; 6 oHDA: 6-nydroxydopamine;
ccN: cerebellarsranuh neurons; Mio Bl
oxidase Bipl3X phosphoinosi de 3_tinas.:
parenrml substrain of micer N!f2: nuclear iacror
2 .elared facro.2r pQ: paraquarr iNOS:

A
N/

ni"Mol
Insr jrrrre of phanf,ta

I\DI)RE IM P}
synrhase; MpTp: l-hethyt4_piehyl.1,2,3,6-

s
7!l\.1
rlr, li
| /*,
,/_ *Y/

lndore
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when suliected ro ercesre o{darrve stress, neurons may respond
dddpl.!elJ lo o!ercome rhe qre$, or rney na,, d((ivare o
prcSramn ed,et.d%rh pdlhwal calted apoprors Alrerduonsrn rherxchdmro hondnd,swdtd!rhpd(trduonot neinApro?d\ej
knonn dt, aqpa\pl are'necfcra.r nrrotdpupro!. thdreb
moLn in3 eIden, e rhar ne rrode8enerdlve dcea:e) LaLs.
millun\r.or dno neutrcr dcdlh oLF (o dpopro. c bro.npnrc_t
pdrnwa\, lndeed..henouon tornpurondJopopro cdedrl
irdu' ronp rv(acrucrdtrotcinrr"proSre(nonorrr,ed.\pd!e.^c
rlmntadvances in b ic apoprosis research, and rh..ecogn lonrhar.popronshdcbroadrangeoJ.,n. dtappt(arjo-(,hdve
orompred mL.h or 

'1"e 
m..or. h jnro,nre.,igar,o.! ot inrenpn onrd' tr. d.re, rpd r In. doop,o.,\ ron oior dpopro!! rnduc on rn

rr4 neu-onal dpooro.i( dedh proSron porer Lotr.hed c!.d, bemlsred ircm lhe hyporh$is rhai oxidative nress is shared by
mulriple itlre$es rnvolving inc.€a$ng cell dearh Afrong rhese
urnS neurorrophjc SroMh facrorsand andoxidant holecules could
be a cohmon straregy io shield neurons trom oxidative damagc.

Conclusions

The f."ld oidpopro. , re\.cr.n ior,e.en,h Ea.npo ex. rnB
dddnrotut rnsrghr\.rr,nemp. 1dn...or.ptid"arr prosrar.,rcr
r-av pqr ap. onrr.buts 

'o 
the o.gprera.ron rrd dra,h or nprronr

"f'pi "c'r" br"I uouna dro (he "votu,ionot.e
0Fe e. The tor r, of rnr) revreq p"per wrll be on con;,.,.u_r)
idca, thdr are rmpo an. tor,ohpr.lenorng rheopopro cdcartpro8.,n. rhe n "dD.o^ 4nd (gu.dror\ o,!ellLtrr dpopron!, dnd(neconnei ron b.rwp"n abe.-crr apop,os.rdnd (h"eoe,8en(e o, rrodcEanrrd.rvs.ltl..F.. A opAper omFrpnennon orrnc
frp' L 4rnn . -ndert\jng apop.o!\ tro) open.te dooIo., -recdrJn' "d rherdper'( dDDror.f". "nd.rea.ne. noddt.u.\ rnir
armror"SLl"r"lheneuron.tdoop.!j. oaarnpdrtscy. rouord
cd.pJe\dnd. .3 i.rbrorpin j", rt,"rerwo roner,ohe
apopror'c machinery rhar have been lhe subiect oimu.h
ihv6riSdion Future rrealmenr modalnies thar eh{se n un
resear.hromorep.e.iselyidentirythe.edox{snsirivemole.ur,r
(omprnenhotrheneurondtapopror. oearnna(n.neryd,orhprl
reSrld rcr'.nrfpar.oJ( Lreand(hron.-nrurodc3ene-J.rve
parnorog.". !hould bp I I aIe.Sed D) rhe \L(-e!er or lhe< !-,,e.r
approdch$ voreapoprou, r^hrbro^wtprob"btl booooedro
phvrcrantdaily roottuE rn rhe (om,nsyeaB iorrrearno
neurorogriond rons vot ng! p"f n.d.d.ed Let. no Ln!uon

Abbreviations

6-0t{DA: 6-hydroxydopamine

^chEh: 
acelykholihes(eraseinhDitors

AD: Alzheimerr diease
AIS: anyorrophiclareral$lcrosis

Bcl'2:

apoplotic prorease acrivariry facrorl

neurodegenerarive disorders

PD Parkinson\disease

ROS: rea.tive oxygen spcqes
sOD supe.ondedismurase

TERT: retomeriserevesetransciplase
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lnsights on therapeutic approaches
of natural anti-Alzheimer's agents
in the management of Alzheimer,s
disease: A future perspective

[alpesh- 
]lahajanr, Sanjay Sharma2 , Rupesh K Gautamr, Rajat Goyala,

Dinesh Kurnar Mishras and Rajeev K Singia6,7

ln the currenr scenarro, Arzheimer's direase is a comprex, charenging, and arduous heahh issue, and rrs prevarence,
rorerher sirh,comqbidioe: 

i:::clterarnr around rhe universe. el,r1rn"r, ai,"u,u , becom,ns a primary concern
that sSnrrrcandy impacB an indivrdualt stalus in life. The lradidonal trealmenr ofAlzheimer's disease inctudes some syn-theti. drugs, which hav€ numerous danFrous side effe.ts, a high risk of recurrence, rower bioavairabiriry, and rimired
treatmenr Hence, rhe c urrenr arricle is a det ired srudy and revie; or ar known inrormation on pran!-derived compoun ds
as narural anri'Alzheimer's agents, incruding rheir biorogical rources, acrive ph/rochernicar in;redienrs, and a possibre
mode oI a'tion' with rhe h€rp of a scienlifc data search en8he, indudrnS;e Natronar ienter for Biotechnoro$/
lnformalion (NCBI/Pubt{ed), Scienc€ Direct, and Gooste Sch;tar, anatysts irom 2OOt to 2424 has been comptetJ.
This article ako described cllnical stLrdies on ptrytoconsiltuents used ro rreat Atzheimer's disease ptan!-derived conr.
pounds ofi€r promising alternaives to synrhetic drugs in rreating Arzheimer\ disease, w,th rhe polenriar for mproving
cosnrlive runc on and slowinS down the pro8ression of rhe dh;ase. Fu.rher research and ctinicat triatr are needed co
rury exprore rherr (herapeuri( porenuat and o€vetop effeciive sfiateg,es fo" Tana8.n8 rhls corplex co-d,(.o..

Alzheimer's disease, manaSemenq naturat anri-Atzheimer\ agenrs, neurodegenemrive dkeases, feurotogicat disorders,
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Jaurnat of Atzheimeis Diseare o(O)

lntroduction miuion new cises arc iound annually. Dementia atfecrs
Neurodegenemdve diseases ffe chamcterized b) rhc pr"s."r- ::j: rhan 50 mrllion people rn the world loday. and by
!\eto,.r,rborhrhe,EuLrurajJndtuncuonajet;menr,oj, 2050. rherlrdt figure,rfpaficnr\ r\ e\pc.red ro rripte. rh;
peripheral ne^oL\ 'ynem and rhe cenrat nervoJs \!\em.. m{onr) ol $hom ha\c AD.r TLrne). LehLDon. Lrh),.
Neuronat death leads to rhe onset ofvarious n€urode, enerd_ 

Jnd Fintand ha!c hrgher dedrh rates becnuse ofAD {s com
n\e di.ea\et \uch a\ Atrheimer s drsease rADl. parkin\on,\ paredruorhcrLounrrie\rnrh($orld
dr.ea\e. HununElon \ orjec\e. amyorophic lJeral {tcrosi:,
and \rofe AD rs rhe mosr obse^abie fom of dementia pothophysiology of Alzheimer,s diseosern Jped peopl\.. Lharicrca,,ed b) lhe prolre,\rre dlteior-
arirn oi memoD dld urher .upnnrre tun;rion., Memrry Al)r\chJrJcrerTeJbyJLomple\rnreTiJ)oip3rhutopr.Jt
Io\\ r. rhe ke) .)mprom ol ADr N,tajor hlportre.e. torAD proc$'e' (onrlbutrn! Io ir. phrh,,ph),rujog). Ke) trcrur.
rnclude drnllord 

"Qd 
cholnergrc hlporhe\e,ond rda,rion,t Inrulucd rn AD in,l,rde Ihc Jcpo,.ri.',r u, e\lrrce ut!r

ri.k lacror.lrkeSeneric prublem, aging herd rn1urres,,.,.. llL rdu.proriin rhr,,rm:rrir e.. o\r'Jrr\e neuronr'dJm.r!e.
tions. !ascular disordeR, and environmentat tacr,^ " Ra.en, rnlrrceIulJr neurohbnjlrry ranEles (NF_Is), neuroinflannna-
re\cr-rch hJ. Jcrnonntureu lhJl rneBcne.i,rt qO,,r"n,r, "ol P.n.li\,ntrl-r'on\.d).rcELlJrionolncurorrJn.millcr\.
c:rnll) influen.ed h) rhe rnhrhruon ot o\rdJtr\e \!e\, Jnd J1'lt-nuL\rr1 l\rJJrJnJccjlJlJr tJlhui).:r.tr(.cnlcJrn
rurPer en,,)me. lr\e \hol.ncslerJ.e. 0-.e,reuse. Jnd .,nn- ,,81t.2 D(po.irron ol rhc e\rJ(cl,J'Jr Arr duc r,, ncLru
mrne uxrJJ'e. r, $cll d, b) lhe .uppre\nun utr:u nn,re n ro\rcrr) i' rho mJin reJ'^n l.r \n ' r'

h vperyho'phor) lar ion and anrytuid-p rAlJr pjaque "punpa- 
r-\rrx(ellulJrdePosruon ol ABpla).3cenrrutru,crnAD

rion. inllJmmdroD rc\pon\e\. rnd ,r,r"lo.a pi"ri, Ap peltrJc\ rre Jen\cJ ironr rhc L,c!\ugc ,,r aIr)tuiJ-lt
re.pon\es. The comorbidrr.e. due lo AD rnctude h\o.".,- pl9'"'n pr(t'^"r (ApPP' JnJ.Jn JBfrcgJre r', turm in\or
sion, depression, osteo.rnhriris, diaberes me irus. cerei.ov.,.- ublc piaque\ Thc\e plJque\ dr\tupr normal ncuronat tunc
cular disease, and othen. lron and aclilate inflammarory responses. Ap oligomers,

The FDA approved medicarions tor the rrearmenr ofAD inlermediare iorms of Ap aggregation, are paniculariy toxic
are cholineslerare inhibiton (donepezil, galanram rn e, n\ a, Iu neurons rnd ( un tn bu le Iu synJ pt ic dyslunctjon and neuro
Itgmine). glutamare regularors (memanline). ,ra n*ri. 'n^1..,'.ud(\ lcu prolein Jbnormulities conrribulc lo inlru-
rc.eptor antlgonisrs (sulorexanr), ind novet anr-dmvtn,,l cellultr NFT formJlron. T:.u r, a ,nicrotubule-assocr red
Jnubodre\,aducrnLmdb,'TheJv. trbrtnyol.rhereoh'm. prole,n rn\ol!eJ rn mJinlxinir€ n(urcnJl nru(ture.,nrr lfun\
ceLricJl, und rhcir porenrr- l tr,zurAou, iiac ene.rl r.,r., ?"n ln {D. rJL b(\ume' h}p(Thu\pn,,ryt,,rcJ. teJJints ru,h
lheir usage. As a resuh, developing an effecrive, ,ur.. eco- ll't.h..n' trom mr(rorubulc' Jnd aggregation inro NIiIs.
nomical, and cosr-etEcienl .trug is essential. Reccnr sruJies I he'c unAl(. di\rull ncuronil ,nlcgrily. impair axonal rr,rns-
indr(rle lhdr narurrl pruLrucr. nllphl e\efl therdmJtrL nolen- 

pon.and(onlribLlelo(ognrri\edcLrine.
Irrlrgrrn.l qDJnJ re(ommrno rh.rr herbrtdrug, rre rirernr . u\rJulr\e{rr'.i\rnn,min(nr 'cllIcor ADt.rrh,,th).r
ljles to synlhetic drugs in managing AD.e Thc erh..,.,ous or:cJ E\cesi\c ptuxlucfion ol (.,cri!c oxlgen spcci.s ovcr
usage of these hcrbal drugs wili e;hance anti,AD "ir'..,, 

*htl'' rhe Jnuo\rdlrrr dcten\r nrechanisms, leuding ro
by acting on nume.ous rargets associared wirh aD w;rt ne-'lon o\iJurivr dJrn.,!e Mrtochondriirl dysluncrion.
t,,ser nde et ecl\.,', Thererore. herbatptanr, Lnd rherr,t<rivi- Ap-rnduLuJ u\iJ:Ivc.tre\\. JnJ rnltJr. nJriun (onlnbr.lc lo
ti\e\ dre pmcricat anpro.rches ro rrealno AD reactrve oxySen specics gencralion. Oxidative $css rcsutrs

In recenr years. researchers have fouirt manv auLre.om- 
jn hnrd Pcr.ridJrr^n, prurern o\rJarion. DNA danrage, and

pounJ\ rn hclt),. Jnd ,u.h bi,r:rcrrre, hr\( larp;rcd lh. rhera mrluchonJnal JyJun(lron. runhcr c\(crbrrrnf ncJhI.,t
peurrc porcnr.rl or herhat produch rprin,r ,iD wrrh t *., ,nll? Jnd \vnJpu. d)'funLrrul
Jd\e^c elfecl. rhdn con\cnuonrt drua.r Thir re\icu hioh- Ncuroinllrrrrndr'on plJ)\ - lgnr,rcJnr rule in qD
lignt5 the recenr re.earch conuibution, irom dirfcrtnl a'J M,crogliJ (ell' LhE br n\ rmmune cell.. Jre -(lrrJd rn
demics worldwide in herbal-b.Lsed AD trearmenr .t]1e re\rcn\( ro AIJ.(cumutrrron nd NFT fbrmation. Aclivxted
prcsent study covers rhe rrends in epidemiologicat dut:r, nalho mrlroglr.r 

'tler\c 
pm inflJmmJloo cylokincs, conLriburin! ro

genesis, and herts wirh their phyrochemicals and mech;nrsm 1lr pruructrun. Btr p huluE). and neurcnul damage
ofaction against AD. This review also discusses the.,unr Pcnpherxl immune (eil\ rrc ,rl\o recruited. ampliliing rh€
urs< r!,earrh (n.lr.J uJr ftorn2n0j ru202t.Fisure tJeorci. rn tlmrnJror) n\pnn.c Jnd c,,nhbr I in! ro ncurcrn fl -mrnJr ron
rhe worknuu o, rhe riremu* .erecri.rn prLres,t 

^r*illi ll,: |J;:::.TI,:: li;1, ]j;#]-"J
PSEN2 arfccr All production or nlelabolsm, direcrly con-

Epidemiglogl of Alzheimer's diseose rriburins ro AD plthology. Risi( lack)rs ruch as rdiLrnced

Nffi.ffitrrq-#::;',:ilffi
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figure 2. various partwa/, invotved in rhe parhoF.Bis of Atheinets disease.

Irhibi(

AD involves vanous molecutar and cellular pathways,
in(ludinC fa\ lor nucledr tacrur-kdppa B rNF-|(Br. e\rracet-
lL'lur reguldted krn3re\ rERKt/2r. pl8 m oxcn-a( \ated
prorern kind,es {N.tApK,. AMp-a(rrvared prorern Lrnd,c(AMPK/mTOR. ertm(elutdr regutdred k;uses (ERKt/
2). anJ cJun N-rennrndt kinase rJNKr, ajong with orheA
D).reguldred AIPP proces\ing jead5 ro the proJuclon ot
ditlerenr A0.pe!ic. $irh !:rrying aeg,ee. oi agg,.grr,^n
dno neuroro\rcrU. Tau Irna,e\, \uch as 8t](o8en )nlha.ekinhe- rB (ontflbulc ro dbno-rt r,ru ptro,ptron tLon ona
NFLbmuuon- Di,rupr6,1 .,;..;r, h,rne,.ra,r,. rmprrred
rnulin signdLn!. compromr,ed rurophag), ty\oromal deg-
radarion. rnd/alrered .ynap0c phslicrl) conlribure to AD

abnormalilies. epigeneric moditicxtions. and rhe 8ut brxin
axis oe emcrfinS areas of invcsrillljon. Mitochondnal dvs
l-ur(lion J trl\ (nci.!) produLr,nn Jru in.re^c, 

"rr.t,.rircslIess. Vascul r lbnormatnies iead to rcduced cercbral
blood floq .rnd mrrJbotic dr,tLrrbrnt c. EpiEenetr\ modih.J-
liun. influen.e dene e\pre,nun pa crn. lnJ nrJ) !ur.lnhJle
tc' AD develofnrent. Thc gur-bmin aj(is inlotves bidirec-
li,,n1l,.rnmunt.Jlion b{t$e<r lh( ! l mr..1,t,r^t,r.rnJ.hc
br.un Jnd h.r. b((n.rnplcJrcJ rn AI) p-lhuphi.io.og)., '

Trends based upon natural anti.AD agents
The prcsenr sludy is based on a cotossat numerxl ot tircrr-
lure galhered from scjenriticalty aurhenricarcd sources tike

pathways and mechanisms have gained aucn_
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Table I depicL! some signiticant advancements in
natural medicinal development in keatinS AIr. tr inctudesa ll.] ot natura] ann-Alzheimeis agenls and tnformalion
on lheir biologicat sources. familes, chemjcal composition,
parts used, and porenrial mode of acrion.

. According ro this review. there are 64 famitjes ofherbal
plarts, and around 2J pans demonslrated anti-AD a€rjviiy.

I: ornit'.'- inctudins Leguminosae. Lamrd\.ear.
Apracere. Rubrdceie. cnd MoraceJe. devole a lurge
number ol anrFAD dgenls rFigure J). Morc than j5 difter-
enl anri.AD mechani\ms havr b€en dirco\ereJ rn phlto-
connrluenl\ l'rom these planrs. The ptanA from the
r-e^Sumrno\ae hmrt) ,nhibil rhe Ap dggresalion. AChL.,u.ql: tpt, and BACET. ano-amyro-rJogin,c. orocrage
oi NF-kB parh\ray. NO. pCtZ ranri-inflamiatory ano anrr-orrda ). 

..pro-inflammarory mediaroN, TNF-o, IL 8,M(P-1.-lL-lB rclroljn(,:r. and ICA[4-j, ajong wirh,nrr^ rne mo\r common mechani\m behind lhe anti-ADacxvn) i\ inhibirrng lhe cholinesGrase en,,yme (AChFl

^LnEl: the \econd most comrnon mechanism is lhe
cnno\rdanGmediared eflect. Onl) a te\ researcheN,
however. hate locused on lhe panicutar molecular m€rh]n-
rsmresFonsible forantr-AD aclron. As a re\ujr, lhe e{pand-
'ng 

thrcar of AD to \ !,rtd heatlh hrs prompred e)rp€n. and
Rsearche^ to d€tore more trme and e\erci,e tu rd;ntri)ing
an effecrive molecuhr mode ofaction.

Ir is observed from FiSure 4 thar Korea is firsr, China is\econd. India r\ lhrrd rn phylochemicaj rc\edrch agarn$ AD.roloqed by han. Brazil. and Japan. h ha\ been noled rhat
rcs€arch ellbn\ are gmdua y Srowing day by day for the
evaruatron,ot polenr anri-AD phylo€h€micdl; in rhe man-
agemenr ol AD. Rese361 6on. in rhe year 2O2j ir morethan rn orher years. indicatrnS a growing rnrerert ol
T:T":" '., 

rnvesrisarins rhe rherapeuric appjicarior otplanr<enved compounds in rrearing AD tFrg;re 5).

. rrgurc o ruu\trares phllochemicat! derired lrom vanous
pranr pan5.e).hibifing dnti-AD dcriv y. anJ anal)si\ reveats
lhal phlrochemi(at\ obrained from tea\es exhib the highe(r
and mo-t ngnificanl herapeuiic porenrjal dgao\l AD, fol-
loy:d b) roor5, fiui6. bark, and se€ds. Thj! intormarion
hold5 valuabh jmpticarions for selecfinS 5pecific plant pans
ror tunier invenrSarion in herbal ptani Rsedrch Rtated toAD However. herc rs anolher a\f,ecr rhJl we should nor
mr$: rhe. cornmon obsenation dral not aI ptdnl pan5 hrle
been e\plored for djt lhe medicinal ptans. So. in rhe prerent
ca\e. rt would be more apprupriate to indicate leaves as lhe
mosl e\plorEd ptanr pan for afli-AD oorenrial

. 
FrSure 7 summafl/e\ rhe differe;l mode. of dclion b)wtich various ptants demonstmred their anti-AD activity.

Mosr planrs thowed anri-AD acrrvity by Inhibrting the cho-
Irne\rem.e en/) me rBChBAChE,. to osed b) an0o\rdcnr
activirv

. Aslata is given in Figure 8, atkaloids ptay a vital rote in
ClnrLal lflalr have been cundu(red recenlj) lo d\\e\j rhex
lhempeuric efficJcy and porenllaj srdu (lhcrr. Nrc!rrnc\ld\ \\/
l3\\ . 

p.iti6:l

Figure 3. Phntt $ciared wilh 5eveEt hmil]es hav,nt anrnAD

arc the-most exptored phytochemical chss in evaluntinS
anli-AD porenrial.

Clinical studies

:i:ll,i-lr]:ll]:*.,1 b) fl avonoids, rerpenoitls. glyco_

lndorc lnsliturttf pharmacy,

We could atso mention alkatoids
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was rhe firs( narural product studied in . clinical trial study

rn 1992. Se\eml orher compound'. .uch d. rircmrn'. qere
1990s.r31 The Lrse of naural producls in clinical trials has

recently gained popularily. Through a webinar in 2017.
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Tabl€ 2. N.tural producB lhar were used in rhe clinic.t riat studies for AD

S. N:tural Condition 6l
no.ProducB Parrlcipa.$

Route of Nlhber
adminlslEtion of sublecr5 Dumdor

5 l0 m8/day

0.4-{.8 ht/da/

500- 1000 mt/

30 mg/dal

Oml

Oral

Oral

52 weeks

AD
AD

Saler and well-lolerated
Enhancementofanenrional 33

Enhncemeniofvisualand 3'

PercePrual ailenrional

Side effects, no ef{ectlvenes reo

SaIe, mprovemerr oI
memor/ and cognitive

Reduc!on oI depre$ive

enhancemenr ol learnrnE

Srl€. rnd well.roreru@d.
improvement oi coSnir ve

Safer and welltolerar.d,
reduction of oxldative

5.Ier Md well-toleBred.
improvemenr ol.otnl.ve

Safe, improvemenr of

lmprovemento{cognitlve'7
tun*ions and fuocrional
ab liti*, improvemeit of

l1
I

5. Blueberry

AD

AD

AD
AD

Mild cotnnive 240 mg/da/

M, d to 240 ntldal

AD or vascula. 240 mt/day

9

7o

20H00 pt
BID/d./

50 100 mt/day O.al

410

404

60

160Oral

Onl

Oral

Heahh (NCCIH ) rn nou nced new fundinS opponunilies for
narural producl clinical lrials. 136

A detailed repon of clinical rial studies on naturat pro
ducts used to treat AD is described in Table 2.

Conclusion
AD is expandinB ar a frightening rare worldwide in old age
people. AD and i1s comorbidiries are generally lethal ifnor
lreared. Thus, to elfectiv€ly manage and trear AD, numer,
ous countries focus on research and developmenl acrivi(ies.
Natural anti-Alzheimer's agents derived from planls might
be promrsinC ahemdti\e, ro \,nrhelic Jrugr in mandg,ng
and trealing AD. These plant-derived compounds have
shown polential for improving cognitive function and
slowing down the progression of the disease. However. i1

is essential to ensure the safety and efncacy ofrhese phyro-
constituerlshroughrigorous roxicological studiesandclin-
ical hals. Addrlionally, lunher research ls needed to
elucidate the molecular

xllowing for the development ol more tarSeled and elteclrve
lherapies. The expbmliorr ol planr-dcrivcd compounds in
AD lretrlmenr $ ill c.nlinue lo hc Jn .,rcJ ,,l.ignrdcrnl inter-
es( and focus oi furure research, wirh rhe ullimate gorl of
providing improved care and mun.rgement oprions ibr indi
viduals aftecr€d b), AD.
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Development and Validation of Spectrophotometric
Method for Simultaneous Estimation of Atorvastatin
Calciirm and Telmisartan in Combined Dosage Form

Vaishali Gadekar*r; Nimita Manochar; Archana Tiwarir; pK Dubevl

Swami Vrvekanand Coltese ofpharmacy, tndorc. M.p., tnLlia

I)()l: l{!..17760/iipsn.2r)2.1.r09i1t6.005

ABSTRACT: A simple, reproducible, economical, accurale. and precise UV speclrophotomerric

method Ior simultaneous estimation of Atorvastarin Calcium (ATC) and Telmisaflan (TEL) in

tablet dosage form has bcen developed. The absorption maxima ar246 nm and 273 nm wcre

used lbr the estimation of Atonastatin Calcium and Telmisanan respectively. A calibralion

curve was plotted over a degree range of 2-20 Ag/ml lor Arorvastarin Calcium and I_6 pg/ml lor
Telmisartan respectively. Recovary was found at 90.14%for AIR and TEI_ 99.05 % using

proposcd UV spectrophotometric Telmisartan. The method was validated according to

Intemational Conference on Harmonizalion (lCH) guidelincs with respect to ljneaflty, rcco\cr).
precision. LOD. and LOQ. The validarion study statistically significanl as all the staiistical

parameters are wirhin the acceptance range (%RSD < 2ol)). Thc developed method is simple,

inexpensive, and accurate

KEYWORDST UV spectroscopy, Simultaneous Estimation ntethod. Arrovastatin. Telmisartan

INTRODUCTION

Atorvastatin is a dihydroxy monocarboxylic acid that is a menlber of the drug class known as

statins, used primarily lor lowering blood cholesterol and for preventing cardiovascular diseases.

Il bas a role as an environmental contaminant and a xenobi<xic. lt is an aromatic amide. a

membci of rnonofluorobenzenes, a statin (synlhetic). a dihydroxy nronocarboxylic acid and a

member olpyrroles. lr derives fromi hepranoic acid. Il js a conjuSate acid ofan atorvasratitr ))
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Telmisartan is a member of the class ol benzimjdazoles used widely t" U:"i:#rilxn,l;?
hypgrtension. 11 has a role as an antihypertensive agcnt, an angiotensin receptor

antagonist, (peptidyl-dipeptidase A) inhibitor. a xenobiotic and an environmental contaminant. It

is a member ofbiphenyls, a member of bcnzimidazoles and a carboxybiphcnyl.(2)

MATERIAL AND METHOD:

Chcmical and reagents

Alrovastatin and Telmisanan standard materials obtainedas gift from cipla pharma.indore. tablets

(Telista plus ) make Verdant life science . Containing Atrovastatin (10 mg) and telmisartan (40

mg ) were purchased from locak market.

InstrumeIltation

A double beam UV Spectrophorometer using Shimadzu UV-I800 (Shimadzu Corp. Japan).

With spectral width of 2 nm quarlz cell (l.ocm path) was employed 10 measure absorbance ol
solutions. On the basis of solubility study Ethanol was seledcd as thc solvent for dissolving

Atrovastalin and Telmisartan .(3)

Preparation of standard stock solution

A. Prepration of standard stock solutions Accurately weighed (10 mg) each of standard

Alorvastatin Calcium (10 mg) and Telmisartan (10 mg) were transferred to two separate 100 ml_

calibrated volumetric flasks (100 mL) dissolved in Ethanol which were further diluted with the

Ethanol to obtain standard solutions olAtorvastatin Calcium and Telmisarran ( 100 pglmLX4)

B. Selection ofworking wavclcngth

Working standard stock solutions of both the drugs wcre diluted to obtain final concentralion of

Alorvastatin Calcium (10 pg/ml) and Telmisartan (10 Ig/mL). Solutions wcre scanned in lhe

wavelcngth ran nm. wavelength fange of 210 -236,23'7-246 nm were^selectcd for

the analysi

ii6;ore-

AC'/rf- 
- v.: elifiipal
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C. Preparation ol calibmtion curve ofAtorvastatin Calcium and 
.fclmisartan lrrDact l iclrr': 5'rl

A. calibration curvc was plotted over a degree range of2_20 fg/ml lor Arorvastatin Calcium and

l-6 pdml for Telmisartan. Accurately measured standard stock solution olAtorvastatin calcium
(2, 4, 8, 12, I6 & 20 ml) and srandard stock solution of Tclmisanan ( I, 2, 3, 4, 5 & 6 ml) werc
translerred to a separate series of l0 mr of vorumetric flasks and diruied to the mark wirh
Ethanol. The absorbance of each solution was measurcd at the wavelengths 246 nm and 2.13

nm.Calibration curves were constructed for Atorvastatjn Calcium and Telmisartan by plotring
absorbance versus concentrations at both wavelengths. (5)

Simultaneous estimation oI atorvastatin calcium and telmisartan by simultaneous equation
method

Standard Stock solutions ofATR and TEL in the concentration range l_10 pg/mL and 22opglml
were made in the water and absorbance of these solutions was measured at 246nln and 27inm.
Calibration curves were plotted to confirm the Bcer,,s law and lhe absorpliviry values calculated
at the respective wavelengths for both the drugs. Two simultaneous equations as below were
formed using these absorptivity values

A (l%, I cm)

),1 A l= ax I bCx+aylbcy ................................. ( I )

)r2 A2= ax2bCx+ ay2 bcy............................... (2 )

For measurements in I cm cells b=l Rearrange eq. (2) C)- A2- ax2Cx/ ay2

Subslrtultng for C) in eq { I ) and rcarrangrng

Cx = A2ay I -A I ay2l ax2 ay I -ax1 ay2.................... (3)

Cy = Alax2-A2 axl/ax2ayl-axl ay2.................... (4) \.
Where.Cx and Cy are the concentration of ATR and TEL, respectively, At and 42 )e

absorbancc at 246 nm and 273 nm respectively, axl and ax2 are absorltivities of A.fR at 246 nn
and 273 nm respectivcly; ayl and ay2 are absglp-tivities TEL of at 246 nln and 27j nm

A
.. s"e,1"". !r4! r!j", crr! Pllvrt
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respecrively. By solving rhe rwo simullaneous cquations, the concentrarions or,l'ifr':;Tlil;i;
sample solulions were obtained.(6)

Analysis of tablets formulation

Twcnty tablets of(Telistaplus 40 rablel ) each contained Iomg ofATC and 40 mg Accurately

weighed. their average weight determined .they was crushed to fine powder The powder

equivalent to lomg ofamount ofdrug combination(10 mg ATC+ 40 mg TEL) was weighcd and

dissolved in l0 mg Ofethanol with the aid ofultrasonication lor 5 min. The solution was filtered

through Whatman Filter papemo.4l to get sample stock solution . 0.1 ml of this solution was

further diluted with l0 ml distillcd water to get required concentration in the liner range the

absorbance was measured at the selected wavelength for the drug the absorbance of the solution

was measured at 246 nm and 273 nm.(?)

Yalidation of proposed method

The merhod \ as \alidated according to ICH gurdcline, for ralrdarron ofanalyrcal proccdures rn

order to determine linearity, sensitivity, accuracy and precision lor each anal),te

Lincarity

The linearity of the method is its ability to elicil test results that are directly proportional to

concentration of the anallte in samples. The calibration cuNe was taken in the range ol
Ug/ml for Telmisartan and 2-20 gg/mL for Atorvastalin Calcium at the respective )"max (g)

Accuracy

l0 mg of Ator,,astatin Calcium, standard drugs of Atorvastatin calciu and Tclmisartan were

added at 80%, l00Yo and l20o/o levels. This was exrraclcd dilured and rcanalyzed as per rhc

formulation procedure. Absorbance was noted at respective wavclength.(8)

Precision

The intraday and inlcrday precisions of the proposed specrophotometric melhods wcre

determined by estimatrng t he corresponding response 3 times on the same day and on 3 diflbrenl

days over a period of I week for 3 different conccntrations ofTEL ( l, 2, 3 prg/ml-) and A'fR (2,

in terms relative srandard deviation (RSD

lhe

l-6

1,8 pg/ml) and the results are

.)
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developed method was found to bc precise as the %RSD value

studies(9)

Limit of Dqtcction

It is the lowest amount ofanalyst in a sample that can be detected but not necessarily quantitated

under the stated experimental conditions. Limit of detection can be calculated using following
equation as per ICH guidelines(10)

LOD: 1.3 x N/S

Where, N = Standard deviation of the response and S = Slope of the corresponding calibration

curvc

Limit of quantification

I1 is the lowest concenrration of analre in a sampre lhat can bc determincd with rhe acceplablc

precision and accuracy under stated experimental conditions. I_imit of quantification can be

calculated using following equation as per ICH guideline(lO)

LOQ=l0xN/S

Where, N = Standard devialion of the response and S = Slope of the corresponding calibration

curvc. Slope oi the corresponding calibraUon cun e.

RESULTS AND DISCUSSION

In the prcsent study. we have to develop UV-vis spectropholometric method for thc sjmultancous

estimalion of Atrovastatin and Telmjsaftan in combined dosage fonr_ l.he developed melhod

was validated as pcr the ICH guidelines. Lineariry was evalualcd by analysis ofworking standarcl

solution of Atorvastatin Calcium and Telmisartan at six differcnt concentrations. TEL found 10

be lincar within conc. range of l-6 pg/ml with regression coefficicnt of 0.99{l and ATR was

found to be lincar within conc. rangc of 2-20 lgml with regression coefficienl ol 0.999 lhc

results of regression The Absorptivity werc found approximately same for all the concentratrons

hencc both drugs obeyed Beer Lgnbcrt's law in indicated concentration range. Thc high valuc of
correlalion g! (RA 

"16 
indicates"ggqll-inearity for both the drugs. The absorbanccs

l\\\:2i1q9889
lnrprct l.rrror:5.9

for intermcdiate prccision
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were measured at the selected wavelengths and absorptivities for both drugs were determined at

both wavelengths

Jable l: Absorptivity Values OIATR and TEL at 246.0 nm and 271.0 nm

Concentration
(Mcg/ml)

Absorptivity (246.0nm) Absorptivity (273.0nm)

ATR TEL ATR TEL .\t R .I'E L
2 1 0.41 0.'79 0.0s r 0.116

I ) 0.041 0.089 0.046 0. 5

8 3 0.036 0.108 0.034 O.I I2

t2 4 0.034 0.115 0.03 0.lr
l6 5 0.03 3 0.126 0.025 0.112

20 6 0.032 0.133 0.022 " 0.rI
Mean 0.r03 0.226 0.034 0.096

SD Ax l=0.023 Ayl=0.0s5 Ax2=0.002 Ay2=0.032

,aj

Table 2: Analysis ofdrug formulation

Sr. No Concentration of Drug
taken (equipment weight)

mg/ml

Absorbance

At Lambda Max At l,ambda Max

l(246nm) 2 (273nm)

TEL ATC A2

I 40 l0 0.079 0.ll

2 40 l0 0.tr 0.]]2

3 40 l0 0.1l5 0.1l6

2024,

J r[8;i

m, Swedcn. www.iinsnl.com
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1 40 l0 0.1 l7 0.118

5 .10 IO 0.12 0.12

Mean 0.r t5 0. 6

PRECISION

The repeatability is expressed as percentage relative standard deviations (% RSD) tbr the ATR at

the concenrration of2,4 and 8 Fg/ml and thcir avcrage % RSD value wcrc0.j50.0.l6g and

0.286 while for rhe TEL the concentration of 1,2 and I pg/ml and their average oZ RSD value

were 0.387,0.170 and 0.282.

Accuract: The accuracv was assessed by the standard addition method of three replicate

determinations of rhree di solutions containing 8, l0 and l2 pglml ofTIjL and Al'R. Thc

average 7o different concentrations wcre lound to be 90.14% for ATR and

n
ItrN

L,ln. Sucdcn. !t[rlr,!n (, jn \rt ,,.
Priffial

lndore lnstitule of Pharmacy.
INDORE (M.P.)

TABLE 3: Resulr ofinrraday precision studies

S.no Parameters

9/o Amt. found (Atorvastatin
Calcium)

7o Aml. found (l elmisarlan)

2 pglml 4lg/ml 8pg/ml lprg/ml 2 Pgtnl 3 pg/ml

I Moming 99.89 99.65 99.48 99.91 99.56 99.15

2. Aflemoon 99.69 99.69 100.0s 99.66 99.97 99.98

l. Evening 99.21 99.2t 99.'.72 99.2 8 99.22 99.78

1. N,lean 99.59 ()9.79
99.'7 5 99.48 99.84 99.-/ 6

5. S.D, 0.349 0. t68 0.286 0.3 85 0.170 0.282

6. % R,S,D, 0.3 50 0.r68 0.286 0.387 0.170 0.282

[/";.,,,"*o,"
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TEL 99.05 % using proposed UV spectrophotometric method. The higher values indicate that

the proposed method is accurate for the detcrmination of ATR and TEL in pharmaceutical

dosage forrq

Table 4 Recovery (Accuracy) analysis for Atorvastatin Calcium and Telmisarran

S.no Recoverv l,evel Standard Conc,
pg/nl

Conc.
addcd
uslml

Conc.
Found

ToRecovery oh Mcao
Rccovery

Atorvastatin Calcium
I 80% l0 8 7.96 99.50
2. r00% IO l0 9.86 98.60 99.14
3. l20Yo t0 t2 I192 99.11

TelmisaItan
I 80% l0 E 1 .91 99.25
2. 100% t0 l0 9.90 99.00 99.05
3 t20 % l0 t2 I 1.87 98.90

LOD and LOQ: The limit ofderection and limit ofquantificarion were found to be 0.llpg/ml
and 0.1023p9/ml lbr Atorvasratin Calcium and 0.2805pg/ml and 0.85pg/ml lor Telmisartan

respectively by proposed UV spectrophotometric merhod. Resulrs of LOD and I_Oe are

summarizcd in lable 5limit of dercction (LOD) and limit of quantification (LOe) ol
Atorvaslatin Calcium and Telmisartan.

S.no Paramcters Method(Simultaneous estimation method)

Atorvastatin Calcium Tclnlisartan

I LOD(sg/ml) 0.1023 0.2805

2. LOQ(pg/ml) ,/ 0.31
./ -z:-

0.85

'?
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developcd dnd validaled by UV-specrroscopy with rhe simulraneous esrimation of Ato^.asrarin
Calciu & felmisartan.
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coNCLUSIoNT The vatidation procedure tollowed wcre as per rhe t., *,oJ,lli;'J':ffi|):'il:
linearity was achieved with Ethanol solvent, Linearity, Accuracy and precision were satisfactory

and the limit ofdeiection (LOD), limit ofquantitation achievcd was also satisfactory. Hencc we

conclude that the simple, rapid, less-time consuming, cost cffective and precise mcthod was

developed and validated by UV-spectroscopy with rhe simulraneous estimation of Atorvasratin

Calcium & Telmisaftan.
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ABSTRACT:

Poly Cyslic Ovti.n Syndronr (P(OS) is a lynccological disorder wrlh
crcasing plescrce in rhe vomen belonging to the eprcductire agc group with

sbout ?5% @cMence wirh larious nudies, PCOS has shown impacr on
melabolic lunclionin8 also which was earlier only lihiled to repoducriv€
tunctioning of women. The Objectivc ollhis study is to fonnuhtc hcftllcapsulc\
using rhe herbal eKrrcl pepaed by different herbs for the tEarmefl of Poly
Cysric Ourian Syndrcfre. Tte capsules were fomularcd and rhen tunher
evaluated. The colkded helhs were fid exrrrcted using erhanol solvent and then
funher rhe e rer Ms ni\ed with seveal excipiefls in ditTerenr nlios baed on
indeasingrhe ario ofrhe disinregrarin8 agenr roget fine granulcs. Thes er.nules
werc hnher made iito the final e.d poducr which is rhe polyhclbol capsulcs.
These capsulcs wet e\€ludtd and r.slcd All rhe perlbmed rcsrs wcre .valuated
and co'npiled. The perfomed rens showcd all the paEDet.rs weE in compliance
as per rhe standad phamcopcias. The ourenl lc*aEh nudy was bas;d on the

rcle of medicml helbs, mmely, Bnuhinia varie8du, Emblica ofilcinalis.
Terminalia belcrica, ]lminalia cheblh. Comiphora wrshliL CinoaDon Casia,
Tlibulus Tercsfis, Hype.icum pefomtun, cormiphora molmol, Nigclla salila
ii rhe rE menr ol Poly Cyslic Olaian Syndrcme. Tte study iicludes all rhc
Ph,,lochemical, Phamacognosric. Rh.ological evaluation ol lhe herbs and
pr.!6Brion olrhe end p@du.r polyhertd I clpsules. Ako. rhe prepared fonnularioD
complies wnh all rhe skndards as p.r India! Pharmcopoeu and Ayunedic

KeyMrds: Poly cysric olaria synd@me, polyherbalcapsules, infenihy, ioxkiry
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Poly Cystic Ovarian Syndrome (PCOS) is a gynecological disorder with increasing
prevalcnce, and an ovulatory infertility is a big concem which is almost 7570 in womcn.
PCOS now has shown an impact on metabolic funcrioning of the syndrome with recen!
researches, but earlier, PCOS was limited only as a reproductive or gynecological disorder.
[] I'COS occurs in womcn olthe reproductive age group or thc child-bcaring agc and is
lbund to affect mostly the endocrinc system. Ovaries tend to enlargc in thc mcdical condition
ofPCOS with thc accumulalion of a Iarge amount of fluid in it. Several clinical conditions of
PCOS include irregular menstnlal cyclc, hair growth, the problem ofacne, obcsity, in thc
long-run problem of infertility, clc. The follicular growth is impaircd during thc ovarian
cycle. which leads to cysts lormation as lollicles remain in contacl with the ovary lhc
underlying Cbndition is due lo honnonal imbalance. The antcrior pituitary secreles luteinizing
hormonc (LII) & follicle-stimu lating hormonc (FSli). which is thc major undcrlying cause of
the disease. [2]

The major challenge of women suftiring from PCOS includes irregular and impaircd
estrogen, androgen mctabolism, and, also production ofandrogen control is ilrpaired. Thc
premenopausal and women of rcproductive age groLrp are most commonly alfected by the
disease. The major lbcus is on nornlali/ing the [unctions olthe ovary. 13]
Thc Conadotr-opin-releasing hormone is secreted by the hypolhalamus, and thc Ltl & FSII is
secreted by the gonadotrophs in return. The major lunctions of LH & FSH includc
reproductive, $owth, and, menstrual regulation. This imbalance between thc Lll. FSll, and
their mtio olincreased semm concentration is the underlying cause ofthe diseased condition
in women ofthe reproductive age group. [4]
Both environmental, as well as hereditary factors are the underlying factors for PCOS. Lack
ofproper physical exercise, obesity which might funhcr causc insulin resistance tomes under
the environmental factors. Several diagnostic parameters of PCOS include Cushing's
s),Ildrome, secreting tumors of adrenal androgen and ovarian, in some cases hypothyroidism,
etc. [5] It is believed, slight changes in the lifestyle including proper exercise, walking,
weight management might help in the management ol the disease by regulating several
problems symptoms of PCOS like weight gain, the regularity of the mcnstrual cyclc, hair
growth in excess, etc. [6] For the treatment ofPCOS, various methods and p.ocedures have
been used like changing or modi&ing the lifestyle, several surgeries, use of Vitamin D,
induction of o\ulation, etc. [7,8] Various synthetic drugs such as metformin for insulin
resistance during PCOS have been prescribed to womeni Clomiphene Citrate too was used
for ovulation stimulation. But, these drugs showed several side-effects. Therefore, the role of
herbal drugs has increased in the treatment oflhe disease. Various studies suggest lhat herbs

have been useful in the treatment of PCOS. The steroidogcnic prope(y is seen in the case of
herbs and provides several benefits with the treatment olPCOS. [9]Onc olthe major benefits
ofusing herbs in combination is that it provides a synergistic or potentiating effect. u0] Thc
herbs selected for the study are Bauhinia variegata, Emblica olficinalis, Tenninalia beleriqa,
Terminalia chebula, Commiphora wightii, Cinnamon Cassia, Tribulus Terrestris, Hypericum
perforatum, Commiphora molmol, and, Nigella sativa. As per a study, the use ol Ayurvcdic
hcrbs sqch as Bauhinia variegata (Kanchnar Guggul) is an effcctive way for the treatment of
PCOS. The herb shows no adversc drug reaction or risks and can be used to treat ho.monal
imbalance, minimize the orfries with polycystic appearance, menslrual irregularities, thc

ent. I ll The combination ofmedicinal herbs, namely,
olfici4qlis (Amla), and'ferminalia bellirica (Bahcda) isTerminalia Emblica
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significant effect. The plant part with great medicinal signiiicance is the fixil. Duc to thc
presencc oI vitamin C and anti-oxidant effects in ftuits likc Amla. these are considered useful
in treating the condition of menorrhagia. I2] Due to thc scavenging of Iiee radicals, Amla
also helps in detoxifying as well as helps to improve the hormonal imbalance in the body.
u0l The next drug used for the srudy is Commiphora wighrii (Cuggul), and as pcr a sludy.
the cthanolic extract ofGuggul is used as a potent medicinal herb to the trearment of pCOS.

Cornmiphora wightii plays a significant role in normalizing hormone lcvcls and reducing
ovarian folliclc abnormalities. [3] Cinnamon Cassia is another herb uscd for research.
lnsulin rcsistance is onc ol the corrnon factors gathered by the rescarchers in thc
pathogenesis of PCOS which lcads to hyperinsulincmia. Cinnamon cassia is secn to have a
sensitizing cflect on PCOS-induced hyperinsulincmia. Also, thc study slatcs that Cinnamon
has a vital role in improving the menstrual cycle and elfcctive in ihe treatment ofPCOS. []4]
Another medicinal herb selected for the study is Tribulus terrestris. As per a research sludy,
thc cthanolic extract ofTribulus terrestris in a pre-clinical PCOS study showed the cffilct on
body mass, synthesis ofandrogcn. elc. The treatment ofTribulus terrestrrs cxtract showed a
positivc elfect on the growth of healthy lollicles and minimizing thc cystic folljcles in
number. Thus, Tribulus tenestris has a significant on womcD with PCOS. It has a role in
improving lipid, estrogenic, insulin-sensitizing, and hypcrandrogenic profile. It] Ilypcricum
perforatum or St. John wort's is another medicinal plant used in PCOS to modulate thc
serotonin levels in llle body. Mood swings or depression are the signs oI illness due to PCOS.
Thus, Hypericum perfbratum modulates the levels of serotonin. [15] St. John Wort is useful
in treating depression or mood swings during PCOS. | 6] Commiphora molmol or Myrrh is
another medicinal plant chosen for the research. Myrrh is uscd in PCOS as an Amenorhea
agent. generally given with iron cornpounds so as to induce menstruation. Another lolc in
PCOS is as a Menorrhagia, which helps to prevent cxcessive loss ol blood during thc
menstrual cycle. Myrah also helps in painful or iregular mensrruation. llTl The medicinal
herb, Nigclla sativa or Kalaunji, is used in the study as it is uscd in PCOS to decrcase
menstrual irregulaities in women. The scveriry ofmenslrual bleeding also tcnds to stabilize
by the use of Nigclla sativa. The herb acts on oligomenorrhea or iregular menstrual blccding
which is a common symptom of PCOS by the anti-oxidant and anri-inflammatory
mechanisms. u 8l

2, Methods and Materials

Sel€ction and Coll€ction of Plant Material:
The bark of Bauhinia variegata, fruit of Emblica officinalis, seeds oI Terminalia bellerica,
Terminalia chebula, Tribulus Terrestris, and Nigella sativa, resin of Commiphora wightii,
Commiphora molmol, sticks of Cinnamon Cassia and secds of flowcrs of Hypcricum
pcrforalLrm, were. procured liom thc botanical gardcn ol Pranvcer Singh Institute ol'
Technology (PSIT), Kanpur.

They wcre dried and groundcd propcrly in a mixer grinder- Further, it was passed through
sieve number 60. Thc polyhcrbal powder was then mixed in a fixed ratio with a maximum of
Commiphora rvightii and thc remaining in the total arnount of Commiphora rvightii was
mixed.

Table I List ofPlant Parts Used.
I'lxnt ,rf uscd

uhinia varicgatc
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2. Fruit part of Emblica olficinalis
3. Seeds of Terminalia bellirica
4. Seeds of Terminalia chebula
5. Resin of Commiphora wightii
6. Sticks of Cinnamon Cassia

7. Seeds of Tribulus -l 
errestris

8. Flowers of Hypcricum perloratum

9. Rcsin ol Comntiphora molmol
10. Seeds ofNigella sativa
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Figure 3 Seeds ofTerminalia belerica Figure 4 Seeds ofTerminalia chebula

ticks of Cinnamon cassia
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Figure 8 Resin ofCommiphora molmol

- Figurc l0 Flowcr of Ilypericum perloraturn

Preparation of the Polyherbal Powder (PHP)
PHP was by mixing the selectcd l0 herbs in a particular ratio. The ratio seleAlcd for
the preparafiiiinlPHP was in the ratio ofz
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includes herbs in the order Guggul, Kanchanar, Harad, Baheda, Amla, Dalchini, Gokhru.
Myrh, Kalaunji, and St. John's wort respectivcly.
Thc selected herbs were first properly washed, and shade dried and then they werc blend inlo
a fine powder using mixer grinder. The oblained PHp was rhen lncde ro get line and
homogenous particles by using sieve of60 mesh size.

Determination of Drug Excipients lnteraction; [20]
Thc drug excipicnts interaction testing was done through the isothermal method. About I00
mg ofthe PHP was taken and separately cxcipients including Iactosc, starch, talc, magnesium
stearate, sodium benzoate, microcrystalline cellulose, and sodium starch glycolalc werc
weighed individually, 100 mg each. Sample I was PHp; sample (2-7) was rhe individual
excipients and combination of drug- excipients samples (8-14) was in the combination of
PHP and excipient combination-

The samplcs were placed in clean glass vials along with ultra pure watcr l0 pL with rhq help
of micropipette was added separarely into each glass vials and mixcd using capillary withoul
touchjng thc sample. The glass vials, wcre labeled, and sealed properly to avoid any
contamination and kept in the hot air oven for a pcriod ol4 weeks at 40-50.C. After thc cnd
of thc fourth week. the samples were analyzed using FTIR. The bands rlere studied and lhc
drug- excipient interaction was studied.

Preparation oI the extract by Soxhelation Method [21 ]
The porvdcred herbs were extracted using ethanol solvent by the Soxhelation process. The
hcrbs were extracted in the fixed ratio and extracted lbr the active constituents. For thc
process olsoxhelation, aboul 200 grams ofpowdered herbs were extracted in about 800 ml of
elhanol. The process was carried out at around 40-50oC. The obtained exrract was
concentrated with the rotary evaporator till the extract gets concentrated.
Preparation of the Granules [22]
Thc method used for the preparation of the granules was Wet Gmnulation Method. The
extract was weighed 500 mg and mixed with 500 mg of excipients. The excipients selcctcd
include lactose. lalc. rnngnesium sleamte, starch, microcrystalline cellulosc, sodium bgnzoate.
and sodium starch glycolate.
The extract was first mixed with lactose to form a mass which is less sticky in nature. After
that, other excipients were added in successive order till the extract starts lorming a uniform
mass. Starch, then talc in very less quantity (2-3%), magnesium stcarate, cellulosq, sodium
benzoate, and sodium starch glycolate at the last. The concentration of sodium starch
glycolate was varied in the lbnnulation ( I 9/o-5%).
Sodium starch glycolate is used as a super disintegrant in the formulation, which helps in

faslcr disintegration of the granulcs. The granulcs wcre thcn dried in dcsiccator lo rcntovc
moisiure. The granules were then sieved through sieve no.44 and then sievc no. 60 io gel
cvcn flner particles. Thc prepared granules were thcn tcstcd as per the flow properlics and
olher factors like microscopy, pH, moisture content, reaction of granulcs rvith diflerent
rcagents, drug interaction tesl, and Differential scanning colorimetry.

Table 2 Formulation of nules in differcnt conccntrations
Sodium
starch

glycolatc
(m

Mag'
Stearate

(mg)

Sodium
Bcnzoatc

(mg)

Cellulose
(MCC)
(mc)
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['2 500 290 ll0 25 40 0.s 25 l0
F3 500 300 100 25 l5 0.5 30 20
r1 500 280 100 30 10 0.5 20 30
t'5 500 260 100 30 35 0.5 35 40
F6 500 270 100 25 35 0.5 20 50
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Figure i I Prcpared granules

Evaluation of the prepared granules: [22]
Determination ofthe flow properties ofthe preparcd granules:
The prepared granules were prepared in bulk lor the determination ofthe flow propcrries. The
granules were tested for Bulk density, Can's index, Tapped density, Angle of repose, and
Hausner's ratio.
Bulk density: It was estimated lor llow of the granules by weighing it 25 grams and placed
in 100 ml ofgraduatedcylinderwithoutdjsturbingtogettheexactspacecoveredbygranules.
Bulk density can be calculated by: Bulk densit)- weight of granules (gm)/ volume occupied
by the powder in the measuring cylinder (ml)

Tapped density: The tapped density ofthe prepared granules was calculated by placing 25
glams of granules in 100 ml of measuring cylinder and tapping the qylindcr 2 inches above
the ground till no deviation in measurement is seen. Il is calculated by: 'lappcd Density=
weight ofthe prepared gmnules (gm)/ space occupied by the measuring cylinder alier tapping
0nl). [2] l

The Carr's Indexr
It is the abbreviation used for the calculation ol compressibility of the prepared granulcs.
Tapped density and bulk density are the two parameters used for the calculatlon.
Fonnula for Carr's Index is = (bulk Dcnsity- tapped Donsity/ Tapped Density) * 100.

Hausner's Ratio:
Hauser's ratio is the property used to define how fine the granules are in terms ofFlowability.
It can be calculated byl
Hauser's ratio= Tapped density/ Bulk density [24]

Angle of Reposel The property lor granules was calculated after placing a lunnel at a fixed
height of l0 mm fiom the ground and paper was placed beneath it. Pouring ofgranules done
using funnel and the height and diametergfuXe circle formed on plain paper were nqgd. The'*''"m 
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Angle of repose (0) = tan- I h/r; whcre, h is observed height, r is the radius lormed by the
base ofcone, and tan o is height. [25]

Moisture content evaluation: [26]
The moistLrre conlent ofthe prepared granules was evaluated by placing l0 grams ofthc
granules into a petri dish and kept in oven for drying at 100-105 .C lor about 4-5 hours till no
change in weight is observed. The wcigh was taken periodically to check the diffcrence olthe
weight. The percentagc of it is given as: 7o moisture contcnF [(wejght initial- wcigh
llnal/weight of granules takenl* I 00)

pH determination: The pH lor the granules was calculatcd using pH rneter. The pH meler
was calibrated by using capsules of pH 4 and 7. Then around lgram ofthe granules was
properly dissolved in 100 ml demineralised water wilh the help using sonicator. The pH was
measured for same.

Granules disintegration test: The disintegration test ofthc granules was done to check il'
the granules disintegrate in as given set of time. Ths lest was performcd in a digital
disintegration assembly. The granules were weighed and put into the disintegrating tubes
covered with the disc. The tempcrature was maintained to roonl temperature 3715,'C. Thc
lime for granules to permeate tkough the mesh was obseNed and notcd.

Microscopical Evaluation ofthe granulcs: [27] The structure ofthe prepared granules was
obscrved under the compound microscope for thc cvalualion of the granulc structurc. Thc
prepared gmnules werc placed on the glass slide and several staining dyes like Phloroglucinol
in combination with conc. HCI was used to observe the granulc structurc. Clyccrin was also
used with saffianine or any olher staining dye ro observe the strlrcturc distinctly. Other
staining dyes used include Iodine solution, and Sudan lll. The slide was covered using covcr
slip rvithor.rl applying much prcssurc and in proper light, thc slidc was observed using thc
microscope.

Assessment of physical nature of granules by using diffcrent rcagentst [28] Thq granulcs
were assessed bascd on their physical nature by testing them with diflerent reagents. 'fhe

change in color of the gEnulcs after a time interval of 5, 10, 15. and 30 m,nulcs wa\
obseNed. l-he reagents used for the estimation include n-hexane, iodine solution, chloroform,
ferric chloride. acetone, and methanol.l'he results werc obscrved and noted.

Formulation ofthe capsules [28]
Thc prcparcd granules were flrther convcrted to capsule formulation. 'l he capsules includc
equal amount of extract (500mg) and excipients. The granules were filled into the herbal
capsule shells of size 000 by using hand operated capsule filling machinc with accuracy. Thc
prepared capsulcs were then lurther evaluated based on various cvaluation paramclcrs likc
weight variation, drug uniformity content, disintegration, dissolution, thermal evaluation ol'
the formulation by Differential scanning colorimetry (DSC).
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Evaluatiotr of the prcpared capsules:
The oapsulcs were evaluated based on weight variation. drug uniformity contcnt,
disintegration, dissolution, thermal evaluation of the lbrmularion by Dillerential scanning
colorimctry.

Maximum wavelength (?..*) estimation: [28]
Exactly measured l0 mg ofthe herbal extract was mixed properly in l0 ml ofthe phosphate
buffer with pH 6.8. The prepared stock mixture is 1000 pg/ml in concentration. The solution
was lirrther diluted to 100 Ag/ml solution. The wavclength determination was done was donc
using Ult.a violet spectrophotometer in thc range between 200-400 nm.

Prcparation of buffer pH 6.8r [29]
The phosphate buffer preparation is done by disodium hydrogcn phosphate and potassium
dihydrogen phosphate to producc 1000m1 ofthe buffcr. 28.80grams of disodiurr hydrogen
phosphate and potassiunl dihydrogen phosphatc comprisc of I L45 grams. The solutions wcrc
mixed thoroughly with the help of sonicator till mixing is done. The prepared buftir was
checked on pH meter and filtered.

Preparation of the calibration curve for the polyherbal formulation: [28 ]

The curve standard was initiared mixing l0 mg ofthe hcrbal cxtracl in loml ofphosphatc
bulfcr with pH 6.8. The prepared concentration ofthe srock solution is 1000 pg/ml. lr was
again diluted as l00pg/ml, 200prg/ml, 3 00Ug/ml, 400lg/ml, 500pg/ml. Thc calibralion ofUV
speclrophotometer was done by running thc initial baseline by placing the phosphate buffer in
both the cuvette; aller the calibration, the prepared dilutions were placed serially in one
cuvette- The maximum wavelength of 275.20 nm was observcd and thc absorbance was
noted. Ihe proccss was continued interday and intraday to get accurate readings.

Determination oI Weight Variation of Capsulesi
The weight variation tesl is done to establish lhe unifoflnity of weighl in the capsules. The
weight ofthe prepared capsulcs must fall in the particular rangc to avoid dcviations. The
proccss includes selecting exact twcnty capsulcs ftom thc batch randonrly and thc avcragc ol
thcsc twenty capsules is compared to the weight ofthc individual capsulc. Thrs proc('s! is
donc ai per Indian Pharrracopoeia,20l0. The deviation in lhc wcight should not lall undcr
90%, and should not exceed ll0% ofthe amount calculatcd. The limil sholrld not exceed +5%
lor capsule more than

\1tr
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Figure l2 Prepared herbal capsules
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The disintegrating test ofthe capsules was performed on the disintegralion apparatLrs. The tcsl
is gencrally done on the conventional dosage forms. Thc disintegration rate is dctined as thc
rate or lime with which the prepared lormulation brcaks or disintegrates into thc smaller
particles and reaches the site of action, the gastrointeslinal tract. The disintegration test was
perlormed on the randomly selected six capsules lrom the lot. The required conditions arc
l000ml ofbeaker and 37a5 oC temperature ofthe apparatus. Each capsulc was kept in thc six
tubcs of the asscmbly separalcly with dissolution medium. l'he time takcn by the paniclcs to
cross the mesh at a particular time is thc disintegration time.

Dissolution test/ Invitro Release [30]
Thc dissolution tcst of the capsules was done as per USp typeJ apparatus thcr is, rotating
basket type assembly. The assembly was set at 37a5.C and at rpm ol 100+ 5. The capsule
was weighed and then kept in the basket then fittcd to assembly. IO00m1 beaker in thc
assembly was poured with 900 ml olthe phosphate bufler with pH 6.8. Thc sample was
withdrawn at an interval of l0 mins. 2ml ofthe sample was withdrawn and then volumc was
madc up with 2ml of butfer in thc assembly. The volume oI lhc sample was dilulcd so that it
can bc observgd under ultra violet spcctrophotomctcr. Thc sample was obscrved under UV,
and absorbance was noted. This absorbance was then calculatcd for the concentration and o%

drug release. The standard 0alibrated curve was used for the determination.

Drug content uniformity analysis:
The test lor drug content was done as pcr the speciflcations mentioned in Indian
Pharmacopoeia, 2007. About twenty capsules were takcn and emptied its conrent in morlar
pesile. Accuratcly weighed 500 mg ofthe granules were mixed with the phosphate bulfer pH
6.8. Ultraviolet spectrophotometer was used for the estimation ol dnrg conlent in cach
capsule at 275.20 nm wavelength.

Formulation characterization
Prcpared formulation FTIR analysis l3l l
Thc prepared six types ofgranulcs wcrc analyzed by FTIR analysis. The drug and cxcipicnts
showed no signs of drug inlcraction. ]'he Perkin Elmer fTIR spectrum was used to scan thc
range of,1000 to.100 cm L

Differcntial Scanning colorimetry [32]
The sample which can be analyzed based on the changes in temperature is called differential
scanning colorimetry. The brcakdown of heat gives informalion about the various proccsscs.
DSC (SDT Q600) model has been used for thc estimation. The estimation has been done in
the nitrogen based environment.

Toxicity Studies [33]
Acute toxicity study (OECD Guidelines)
The l4 day study was accomplished by with the aqueous extracl ofthe preparcd polyhcrbal
extract. The testing ofthc herbal extract was done on female rats in dose of500, l000ntg/kg.
The dosing was done with compliance of Organization lor Economic Development (OECD)
guidelines. OECD Guideline 425 was followed. The female Wistar rats were weighcd and the
extract was dissolved in distilled water as per the body weight. The extract was given orally
to the rats. The rats were observed for any irritation lor the first l5 minutcs and monilored for

lndore lrslilule of Pharmacr,
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the starling 4 hours. The the animals were monitored on daily basis. Thc study
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Abstract
The telm "hepatic disease,, reftrs !o a broad category of conditjons thal ail.ecl
the human ljver's tissLres, slructurcs, and cclls. The liver per.lbrms a great dcal ol.
vitalproccsses, thcrclore therc are many oppoaunities for anything it go wrong.
Inflammarion is one ofthe mosl fiequenl causes oi liver illn",. uni i, i."qr"ntiy
brought on by alcohol abuse, a bacl dict. or even malnourishment. The nrost
significant health concem that affects the drug control board. lhe
pharmacculical indusrry, and medical professionals is medicarion_induccd livcr
damage or dysfunction. The tjnited Sutes AcLrte t_iver Failure Study Cr.oup
slales lhat over hall'olcases ofacute liver failure are due 10 drug_incluced liver
injury, which includes paracctamol overdose-induced hepat_oroxicitv. Thc
pre\(nl pan(rdcJl5 L\irh lhe ftJmtr.lirliun oI pL,lyhcrbxl trblct cunra,n]lrl ltvdro_
alcoh,'lru c\ttacr ot lbttil,,l rrdi, /i/, L(d!c"anLl pht.llattthlt., /,/,.r//i Fr;ir.- Inc
fbrmulated tablel was evaluated and screcned for Hepatoprotcctive actility
againsr paracetarnol irduced liver roxicity in albino r.ars. Ihe results indicatc
that prcpared polyherbal tablct showcd significant hepatoprotccrive activiiy as
comparcd to thc hepalotoxic conlrcl.

Key$ords: l-iver disorders. Medicinal plants. paracetamol induced
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Introduction
The lleld of herbal medicine has grown exponentially rn rhe past several years, and duc lo their
natural origins and low side el]'ccts. these medjcations are becoming rrorc and more popular in
both developed and developing narions. Medicinal plants, min"ruU, u"na u.guni" -urerjals are thc
source of many comrnonly Llscd tradilional medications. Many nre<licinal plants known as
rasayana, tvhich have bccn utiliscd for over a millcnnium. are included in hcrbal remcdics uscd
in Indian traditional medical systems. The majority of medrcal professionals in Indian systems
create and adminisrer their own concocions. 21.000 plants are iegistered by the World Health
organisarion (wHo) as being used rredicinaly worrdwide. otlhesc zsrio species. r50 arc
errployed commcrcially on a somewhat regular basis in India.. Il_3]
lndian lndkenous medicinal plants are most widcry used forlhc treatmcnt ofsevcrar diseascs
cithcr in alone or in comblnation in raw as well as thcir extract. Synthelic hcpatoprotective
agents can producc several serious efficts and also they are not suitable to use durrng prcgnancy.
In this lighr herbals are preferred in the treatment of li;er disorders. Ancienr ayurvedic literature
rcveals thal the selccted plants i.c.. Abulilo i dicun (Leaycs) anC, ph.r,lluntius rirlr_i (Frutts)
havc been widelv used in the trcatment oflircr ilisorders These planls ha\e becn extensively
used in ayuNeda and traditional syslem of medicine lor the treaiment ol liver drsordcrs ancl
lbund to te ellicient and inexpensive as compared to synthctic clrugs and not cvaluated
scientilically in combination as polyherbal tablet. Therctbr.e. it was worthrihilc to invcstjgatc lhc
hepatoprotective acrivily of poryherbal tablcl containing hydr0oalcoholic extract or. Aburilon
ir?dlc rrx (Lcaves) and Phyllanthus ni).uri (llntits)

Matcrial and Methods
Collection ol hcrbs and their authcntication
.4b;t_tilon indiu (l-eaves) and Ph_tllanthus r/i.rri (l-ruirs) were collectcd liorn local srtes o1.
Malwa rcgion of Madhya pradesh. lndia during October 2023 and idcnlificd morphologically,
microscopically and compared with standard pharmaoopoeial monograph and authenticitcd by
Dr. S. N. Dwivedi. Retd. prof. and Head, Department of Botany, Jinata pG College, Visiting
Professor, A-P.S. Universiry, Rewa, (M.p.) and was deposilej in our Laborarory. Voucher
specimen No. J/Bot.,/AI-L/12: J/Bot/pN-l'/13 were allotted io the selected plant parrs.
Extraction of sclected herbs
The shade dried coarsely porvdered planr material (250 gms) of plant i?., Abutilon indi(.u 1

(Leaves) and Phllla thus nil1rl-r (FrLrirs) were loaded in Soxhlet apparanrs and was extracred
with ethanoli walcr lor 4lJ hour. Alter completion of extraction. tlte solvent was removed bv
cvaporation. The extracts were dried using rotalor cvaporaror. lhc resrduc uas thcn stored iir
dessicator and percentage yield werc determined. [g-9]
Pharmacological scrccning
Acute Toxicity Studics of E rtracls & procurement ol expcrifi ental an imals'I_he mice \\'cre uscd flor acutc toxiciry sudy as per OECD guidelincs 42j. The animals wcrc i.ed
willr standard pcllet diet (Hindustan Icver Ltd. Bangalore) i nd water a(l libitutu. All rhc anirnals
were housed in polypropylene cages. The animals wcre kept under altemate cycle of I2 hours ol.
darkness and Iighr. The animals were acclimatized to the laboratory condition for I week bclbre
starting-lhe cxperiment. Thc experimental protocols werc approved by Inslitutional Animal
Ethics Committee alier scrutinizarion. IEAC approval.
Develolment of Polyherbal i-ormulation
Preparation of Polyhcrbal formulstion (Tablet)
Polyherbal formulations table (PFT) containing hydro-alcoholic extract of plant Abutilon

..1ffffifr-q.Ea,cst ano rhyuanthus ntrun \tn)rts) was prepared by wer granulaIon meth(o\sing,ri+.-\(*\ .A {$,r,
(x('ooo lf',JV r(EE#)i; ,*"Jiilffi{linll"'nw/r\"1!y.);

till
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\uilable cx(ipienls Irke mirrorrlstalline cellulose. strrch. cro\puvidone. deto.il
5learale. 'Thc composllton ot PFT ua\ gi\en in table l.

Table l: Composition of polyherbal formulation (Tablct)

Page 584 of7

and magnesium

Ingredionts Quantity
HAEAIL 100
HAEPNF 100
Microcrystalline
Cellulose

125

Starch 50
Crospovidone 20
Cranulation

q. s.
Prclubrication
Starch 25
Aerosil t0
Talc I5
Lubrication
Magnesium
Stcrate
Total weight
(ms)

500

Evaluation of polyherbal lbrmulation (Tablet) r e

App€arance
1hc preparcd hcrbal tablets wcre evaluated for thcir color and
odor. tastc were noted down.
Hardness
Randomly five tablets were taken oul lrom
using Monsanto tablet hardness tester.
Friability

appcarancc. In this study color,

each batch and crushing strength was detcrmincd

procured. The animals were fed with
walet ad libitun. All the animals werc

Randomly 25 rablets were taken and weighed oul and was placcd in Electrolab tiiabilator and
was rolated al 25 rpm for 4 mts 10 delemine the frability. The perceniage friability was
calculaied by using folmula

%F= (l-wr/wF)*100
Whcre. WI=lnirial weighl ofrhe 25 rablers; WF=Final weiqht of25 tablers
\4 cighr varialion
Randomly selectcd 20 tablets were evaluated lor weight variation as per Ip 2018.
Disintcgration Time
Randomly 6 tablers were taken fiom each batch and were placed in USp disintegrarron appararus
using 0.I N HCI ar 370C. The time was noted down when ihe tablet get disintegritcs cornpletely.
Hepatoprotcctive activity of polyherbal Formulatio (Tablet)
Experimental Animal
Albrno rars (200-250 g) used in the presenL sludies was
slandard pellel dret { Hindustan le\ er Ltd. Bangalore) and
acclimatized for a week before use.

R,
. .^,,,Y1:.'li1.*,-",.

'n""'rt oong tl'4 r)

90



Sujit Apposoheb lodhav / Ah.J. Bio.Sc. 6(7) (202a)

Modcl
of6

Page 585 of7

rincipal
lndore lnstillrte of PharnacY.

INDOI{E (N'I,P \

Paracctamol lnduced
Thc rats were divided i to7 anlmals rn each 8-lt

S/No. Croup Trcatments
Croup I
(Normal)

Received vehicle gum acacia 15mg/kg p.o1 tbr 7 dales

2. Group II
(Control)

Receired vehicle gu; acac'a (5 mg,kt p.o) for 7 days
once daily and paracetamol 500mg/kg once daily

3. Group III
(Standard)

Received silymarin as standardlso mgltgy to. z aays
once daily and paracetamol 50omg/kg once daily

1. Group IV Recerred PFT r I00 mg tgr on"c da,[ -na para..L"mol
50omg/kg once daily

5. Croup V Rccer\ed PFI r200 rng Lgt oncc.larll ,rnd- p**",-"rl
500m9&g once daily

on the sevenrh day, ttre btooa sa,npteJ@e
:::1^]l:l :f .9:::h..ic"al marker enzymes and allowed to ctot and serum was separared by
centrifuge at 2500 rprn for l5 min and analyzed for various biochcmical paramcters. Thcn thcli'er was carelully isolated and clcaned ofr extraneous tissue and prcserved in I0% neutral
lormalin and then subjected to histopathological studjes. ll3_14]
Statistical Analysis
All the values ware statistically analyzed by one-way analysis of variance (ANOVA) followed
by Dunnetle multiple Compansons rest. Statistically significance of* p<0.0i, ** p<0.001, when
compared with respective control. All values are expres-sed as mean + SEM.
Results and Dlrcussion a

The hydroalcohofic extracts of Abutilon indicum (Leaves) and phyllanthus ,,.r.i/// (Fruits) were
screened for_acute toxicity study by OECD guideline no. 423 for determinaiion of LDso The
LDso was 2000 mg,&g, therefore, EDso was 200 mg/kg. polyherbal formularion (rablct)
containing hydroalcoholic extracts of,4Drrilon indicum aLe;ves) and phy anthus niruri (truits),
were evaluated for appearance, hardness. friabiltly. weight variation and disintegration time. The
physical appearances of PFT were gir en in rable 2. The re"uhs obtained suggesr-rhar formulation
do not have any tabler defects. The evaluation parameters of pFT *e." ,ir-o*n in table 3. The
results obtained indicates that the data obtained are within the limit as per Ip.
Rats treated with silyma n, PFT (at the dose of 100 & 200 mg/kg bw respcctively) formulatjons
showed noticeable improvement in histopathological pura."tir.l The results were presented in
table 4. The results were found to be more promisitrg at the dose of 100 mg/kg bw than 200
mg/kg bw in pacarematol induced liver toxicity when compared to standaij diug silymarin.
Hence the formulations have prominent action on pu.u""tuaoi_induced liver damage. Moreover,
atnecropsy, livers ofrats treated with paracetamol appeared degencration in hepatoiltes, hepatic
cell. injury, focal necrosis, congestion in central vein, vasc-ular swelling, and Kupffer'cell
proliferation. Furthermore, no gross pathological findings were noted in thi livers of the other
groups ofmts.
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Tabl€ 2: Physical Parametcrs (Appcarance) of polyherbal Formulation Tabler

Table 3t Evaluation Parameters of polyherbal F.ormulation Tablet

Note: All values are expressed in McantsD, n=j

Table 4: Ellect ol Polyherbal formulation table on Biochemical parameters in l,aracetamol
lnduced Hepatic Injury in Rats

Formulation
Code

Physical Parametels lappcaranccl
Color Odor Tastc Shapc

PFT Light green Characteristic Characteristic Circular
biconvex

Formulation
Code

Weight
lariations

Disintegration
timc (mts)

0.31!0.24

All values

Treatmcnt 'Iotal Bilirubin
(me "/.)

Direct Bilirubin
(ne Y.)

scoT
(p/min/l)

SGPT
(p/min/l) .

ALP
([/min/l)

Normal 0.44 r 0.21 0.41+ 0.64 183.02 t 2 I 'l'l .40 r 2.43 192.0 + 6.2

lnduced
(PCM 2slkc)

8.61 + 2.46 7.45:t 8.60 345.41t 10.42 153.7+ 8.44 358.22+8.85

Standard
(Silymarin
50mg/ks)

0.53 +4.19 0.49 r0. t9 197.07!9.43 88.07r8.79 199.21 +10.61"

PFT.I
100 mg/kg)

0.58 +0.01 0.55 ,r0.22" 203.14+ 6.t0" 91.02+6.O I' 204.02.1 8.32

P!f-t
00 ms/

0.61 ,r0.I I 0.59 +0.27"' 207 .27t 8.39" 100.12a8.1I 206.13r 8.01

Note: Values are mean +SEM, n= 6. (One way ANOVA
Comparisons lesl,. Sratisrically significanceoli p.0.01,

respeclive control.

Followed by Dunnette multiple
** P<0.001, when compared with

Conclusion
The.liver disorders are ver] common and alarming. In thc present work fonnulalion
development, evaluation and hepatoproteclive aclivitt of Abutilon indicum (Leaves) and
Phyllan\hus. r/rllr (Fruits) against paracetamol induced liver toxicity jn albino rats were
invcstigared and the results rhe form;lated polyherbal tabler ar rhe tesr lose ohl00 ma_kp hrv
.howed srgnificanr hepaloprorective aclvit) H , " '

ffi5r, 4x\ p.\Kprr

/*Y'"^"Y\ ' (EIn''i; '^o"""nlJtllil'nl'ili"'n

u#i)/

llardness I Friability
rkg/cm,) (k)

8.66+0.02
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Normal Paracetamot induced (S00mg/kg) Silynarin (50mg/kg)
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pFT 100 mg/kg pF.t'200 mg/kg

Fig, l: Histopathologic Scction of Liver of Ilafs in paracctamol induced llepatotoxicity

of Norntal, Control, Standard, pHT
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" TRANSFORMATM CAPSULE TECHNOLOGY: A REVIEW OF TABLET-IN-CAPSULE

INNOVATIONS"

ABSTRACT

This re!iew explores the revolurionary tablel-in-capsule rechnology, a novel rpp.oach rlanstonning oral drug delivery slstems. Or t

rdministration remains the most favored melhod for therapeutic agenrs, encompassing a range ofph maceuricatdosage lorms such

as tablets. capsules, suspensions, and solotions. Solid dosage lorms. prnicuhrly tablets. srand our as lhe pr€lerred class of producrs.

widely embraced by pharmaceutical manuhclurers, physicians, and patients alike Capsules, defined ,rs solid dosage lonns

encapsulaling drugs wilhin gelarin shells, serve as versalile containers for both powder and non-powder fillings, including tlrblers

' and pellets. The past lew decades have witnessed signilican( adv.rncemenls in druS deli,r'ery synems, selring rhe slaSe lor rhe

emergence oilabtet-in'capsule technology. Tablel in capsule represenrs a multiiunclional and mulliple unil sy(em, leaturing versalile

mini lablels enclosed in a hard-gelalin capsule. The iormulalion of rhis sysrem ofers tremendous flexibiliry, ,rllowing tor lailorell

solutions tospecific lherapeulic needs. Mini-tablels, a noveltrend in solid dosage form design. aim lo overcome ther!peuric obslactes

_ providing benefils such asdos€ nexibility and combined.elease palems. This review e)(plores the key rspecls otlhis rechnolog)-

including formulation possibilities. manufaclurinS processes and geneml evaluation lesls.

KEYWORDS- Minirablet, Capsule, Tablel,in-c.rpsule. Or!l drug delivery. Solid dosage tornr

INTRODIJCTTON

Oraldrug delilery is one olrhe most common and preierred merhods for adminislering pharm ceulicalsubsrances ro parienrs. I

Solid oral dosage lbrms are prescribed to produce a rherapeutic impacl either locllly in rhe oral ca!iry. rhrod. or digesrive trrcl. or

to induce a syslemic eflect in the body fouowing absorplion through oral or gasrroin(esrinal pathwrls r

This roule ofdrug adminislralion ofiers several advantages, such as ease, patienr'conlormiry, nnd cosl-eilecrive, mllnuhcrure in !o
to choose for a wide range oflherapeulic interventions.r

Oral drug deliver) sysrem h the mosl desiruble. prelerable ,rnd suirable roure for rhe adrninisrrarion ol rherapeuric rntl

pharmaceutical agents ior adminislralion.r

\{edicadons are commonly delivered lia the orll-roure in a radius of pharmaceurical dosage fonns wilh crpsules, lllblcls,

slispensions, and di!erse pharmaceuticalsolulions being lhe most prevalenr choices.

Il involves intrke olmedicarions in the form oltab, cnp, slrups. orolhersolid or liquid iormulations, with the druSs beinB ab-softcd

lhrough lhe grnro-inle(inalaact into the blood-slream.

Solid oraldosage lorms are rhe tuvorrble clregories in pharmaceurical producrs ior oral-adminisrrarion. They oiier versarilir). allow

lor a wide range of dosnge srrengrhs, exhibiting slability, and pose iewer challenges in lermi ol lormularion and packuBing.

Additionally. they aresuitablero iormulate, reserve. and dispense. Solidoraldosage forms provideoptimalprotection lirnredicariors

against iac(ors iike Iighl. oxygen, temperalure. humidi(y, and rransponarion-rehted srress. AmonS these solid or.rl dosdge lorms.

t.tbler & capsule have their widespread usa8e.s

/oLUME l2 rssuE 2.2b24
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Figure 1: Solid oraldosage iorm charf

Nov€l Tablet TechnolGies

In recenlyears, lherehasb€ena significant developmenl in various novelrablet rechnologies aimed ar enh!ncxrg ploducr perfoanance

and providing more efteclive drug delivery solulions.r These lechnologies include lasl-disintegraring ublets. malrix lablels. lrbler-

in-lablel systems. lablel-in-capsule systems, multi-layered rablets, and mulli-pa(iculare syslems has been developed to bereiir
'Yroducl p€rformrnce.3

Tab-in-Tab S\'eens:

- Tab'in-tab sysrems in,r'olve embedding ooe tablet wilhin {nother.

This approach can be used for combination rherapies, where two diiierenr drugs arc released ar diilerenr rarcs or lor drugs wilh

incompalible stabilily requirem€nts.

- Il allows for separare release profiles wilhin a single dosage form.'q

Tab-in-Cap S\stems:

- Tablel-in-capsule sysrems combine rhe benefirs ollabler and capsule.

- Table(s or t.lblet segmenls are enclosed wilhin a capsule. oilering protection ro the tablel and controlled release when lhe capsulc

- This rpp.oach can be useful for drugs with specific release requirements or slability concerns

Table- l: Capsule size charl

Ctrpsule Size

lTheoreticall
ExtrrnalDiamelrr Weight

smallesl lmll lmml +l- l0% ln:,BComponenr

000 I _3',7 c.tp 9 9l t63

Body

00 0.95 cap 115.1 ll8
Body 818

0 0.68 cap

Body 131
I 0.50 caP

Body 661
2 0.37 cap 615

Bod) 601
.1 0.30 cap 582 .t8

Body 556
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designed as patrenr-friendly

unit or mulliple-unit syslems, and arc primrrily

ibr pcrsonalizcd mcdicinc. They cnhance casc o1'

ISSN: l0l:r'1rr:

I 0.21 cap 5.ll l8
Body 5.05

5 0. t3 cap 4.9t 2ll

Body 4.6Ii

Tablet - In - Cspsule Technology

This innovalive and dislincrivc syslem is refened lo as a "TABS-in-CAP device." The resuhing capsule device is comprhed ol an

irnpermeable capsule body and a soluble capsulc.

Figure 2: Tab-in-Cap

I npe,me o b I e C apsu I e B a d\

The impermeable capsule body is the outer shell or Encasing ofthe device. It is designed to b€ completely sealed and imp€rvious k)

extemalfactors, such as moisture, air. or other en! ironmenlal conditions. This is impoaant lo safcguarding the conr€nls ollhe capsule

and maintain their stability.

The soluble capsule is an inner componenl oflhe device. Unlike the impermeablc capsule body, lhc soluble capsule is designcd ro

dissolve or disintegrate in a specific environmenl or under certain conditions. This dissolulion is a controlled process and is rypically

triggered by facrors like €xposure to moisture. changes in pH, or specific physiological conditions wilhin lhc body. r'

,re TAB-in-CAP systenr encompasses filling and sealing ofsinglc or mulliple rabs-in-caps. Targelcd drug dclilery or conrollcd

drug release rate is aMincd by confning mulliple tabs

with dilferent separated coatings within a capsule.

Mini-Tabl€ts

M ini-tabs are rypically l'lat or gently cuwed tablets of a diameter rang ing from I .0 to 3.0 m m. I

These mini-tabs are commonly introduced wilhin capsulc, occasionally .omprcsscd into morc substantial tablers, or on oecasion.

eflclosed in sachets to facilitate administration.

Manufactured by convenrional rabler presscs equipp€d with a multiple tooling system. This produclion proccss resembles lhal ol

regular tablets bur necessitares exceptional powder flow due to rhe smaller die siz€, prccise control ofproccss paramelers, and carclul

ass.mbly ofthe rablet press to prevent tool damage. l

MinLtabs, which can be eirher coared or uncoated and are formulated as singlc

N . PA(,L \() rrrt/
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swallowing and offer nexible dosing oprions, allowing for the combinarion of larious release kinetics. dosage strengrhs. and active

ingredienls within a single system. Mini-tabscan also effeclively serve as mulliple-unir modiiied release syslems. includinB exlended

release. delayed-colon release, pulsarile release, bi-modal release, llnd glslro-relenrive syslems. lhereby enh.rncing drug

bioavailabiliry compared to single-unir sysrems.rl

Mini Tabkt fotTAB in CAP technolo$:

Conlrolled release caps, frequenlly comprising multiple coaled pellets, connitute anolher class olsolid or!l tormuhrions rh!r pro!idt

similar thempeutic benelits. ra A more recenl approach lhat has emerged combines the characlerisrics oi both conlrolled releasc

tablers and modified release capsule wirhin a single dosage lorm.L5This sysrem is design€d lo olier precise and versalile drug release

profil€s by encapsulnting various rypes of tablels within an impermeable capsule body sealed wilh a walersoluble capsule l-els

elaborate on (his system:

Formulstion of Mini T.b-ln-Csp System

The process of iormuldng mini'lablel-in-capsule syslems can be broken down inlo three essenti.rl nages:

L Crealing/producing lhe mini-labs.

2. Applying the suilable coating-pollmer lo lhese minitabs.r6

3. Placing the coared mini-labs iDro hard gelatin or hldroxy propyl melhyl cellulose cesules. (Minirabs-in-capsule syslems).rl

._ r administtotion oJ ntini tab! &n octur thrcugh the lubsequent approa.h?!:

a. Adminisrered di.ecrly as an individualunir dosage form.

b. Encapsulated wirhin hard gehtin capsules. Gingle or multiple mini tabs).

c. ulilizalion oi an automaled dose dispensing device.r3

Administercd direc I as a unitary dosogelo n:

a. Mini-tabl€rs can be administered direclly.

b. The prescribed dosxge can be easily consumed, hence, rhese are packaged in bollles.

c. At rimes, compressed mini tablels undergo additional compression lo form lablets ol regular si2e.r3

Encapsulated in hard BeLatincapsules (HCC)

Due 10 rhe challenge of managing mini-tabs, rhey are typically €nclosed in hard gelatin capsulcs hrrd gela(in capsules belorc

Marketed f orlnulalion of Trb-In-Crp

Trble-2: Marketed formularion oi lab'in'cap

Drug name lrdicatir'r

RyrhmolSR Propalenone HCL ClaxoSmilhKline Capsule

Polycap Simvashrin. ramipril. atenol
hydrochlorothiazide, aspirin

Cadila ph,rrmaceutical Crpsule

Crpsule

Polytorva 5ki( Atorvastatin, Aspirin, Ramipril tJSV lrd Crysule

Unigel Omega 3 fa(y acid. Ator! aslatin Capsule

P,rnlaiol-DSR Domperidone + Pantoprazole
Indicesli(,n

DrnielPasleur Capsule

Rasodan DSR Rabeprazole + Domper one Capsulc

Rabex DSR Domperidone + Rrbeprazole Apotex PhurmLrchem

India Pvt t,td
Capsule
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Silrab-D Domp€ridone + Rabeprazol€ Aoid relux Asccnl l hcrapcuricals Capsule

Midezole Omeprazole + domperidone Gastroesophageal Litc vision Healthcarc Capsule

XOM DSR Domperidone + Omeprazole Gastroesophageal Novogcn Caplab Capsule

Evaluation of Tab-ln-Cap Technology

Evaluation oftabs-in-capsules involves specific lests ro

The most common evaluation tests and their associaled

assess rhe qualily, saf€ty, and pcrtbrmance olrhis drug dcli!cry sysrcm.

procedurcs for tab-in-cap:ro r:

Figure 3: Evaluation ofTab-in-Cap

fulure Prosp€clive OfT&blet ln Capsule

Thc fururc prospech ofmini lableis in capsulcs (commonly known as "mini-rabs-in-a-capsule" rcchnology) arc promising and ma),

lead to significanl advanccments in drug dclivcry and rherapeuric srraregies. Hcre are somc poicnrial fururc dclelopmcnls and

prospecls for this innovativc drug delivery system:

Custonized Drus Release Prcliles.

Mini-tabs-in-a-capsule technology allows for prccise control of drug releas€. In the future, we can expecr even nrorc

cuslomizalion of release profiles lo me€l thc specitic nccG of various medications. Thrs could includc rhc dc\elopnNnr ol'

complex multi-paniculate syslems within a single capsule, each wilh a different release profile lo optimize aeahcnt.

Inprcwd Patient Conpliance

The convenience oflaking a single capsul€ wilh mulliple minitabs can cnhancc patienl comptianrc. In rhc futurc. lhis af,proach

may be fuflh€r oprimizcd ro simplify complex dosing regimens, especially for patienls who rcquirc muhiplc mcdications.

Conbination Therapies

Mini-tabs-in-a-capsule systems are well-suiled for combination therapies. Future developmcnts may focus on combining

muhiple drugs with dilTerenr release profiles, improving rhe managcmcnt ofcomplcx medjcal condirions.

Drug Deliven. .
Advances in drug lormulation and encapsulation within mini-tabs may rcsuh in morc aceuratc and targcted drug dcli!cry. lhis

could includc strategics for sire-specific drug rclcasc wirhin rhc body. €nhancing rhc rreatmenr ofvarious condirions.
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The chrono-pharmaceutical lpproach. which aligns drug delivery with biological rhythm!. can be luflher explored. Furure mini-

labs_in-!-c.rpsule synems may be desiSned to release drugs at specific rimes ofdxy lo oprimire lreatmenl ellicacy based on lhe

body's naturlrl rhylhms.

Centric Drug Delit'e t) :

Fulure developmen6 may focus on improving palienl-centric drug delivery. (aking into accounl facrors like rse. liiesrlle. rnd

patient prelerences. Personalized medicine could be inlegraled with minirabs in-a-capsule technoloS) lor lailored keahenr

AJea, cd uoh 'trl\ dntl r,.rnulatnn:

Condnued research and development in malerials science rnd pharmaceutical lormularioo can lead lo rhe ererrion olmore sllblc.

biocompatible, and biodegradable components for mini,labs and capsules.

Regulator\ Appruvlt:

As these innovative drug delivery sysre,ns gain populariiy, regulalory agencies may eslablish clerr

palhwals ior miniJlbs-in,a-capsule rechnology. eniurinB saler!. eliiclcy. and quutir) na dards.

Re sea rch a nt1 C o t La bo ru t i on :

Ongoing research and collaboration belween pharmaceuri!rl compan ies. research inslilulions. and heallhcare pro v iders are likely

lo drive the evolution of lhis technology. New discoveries and innovations will conlinue to expand ils capabililies.

_ lobal Acce\tibili^:

As mini-tabs-in-a-capsule lechnology malures, i( ma, become more accessible rnd cost-etleclive, beneliting putienls in various

healthcare setlings worldwide.

The fulure oi mini-t.rbs in capsules holds lhe potenrial to rrrnsform drug deli!ery. makin8 lreat men ls morc eilecli!e. conlenient. lnd

patient-centered. As research and developmenr €lfo(s p.ogress. we can expect lo see a wider rlngc of,rpplicarions rnd increased

guidelines and approval

adoprion ollhis lechnolog, across various medical speciahies.

Lisl Of Patents In Thb-In-Cap

Tsble 3r Tab-in-Cap Parents.:1rg

TillePat€ot number

us- 2021006287 2-A 1

US202l0l:15817A I

uso"l704B2

us-201703012 r0,Ar

wo20r40020l5Ar

us-7178102-B2

20t8,07-06

20r7- r0-26

Sumil Madan Ravinder Singh Vinod Kumar 201.1-0)'03

Ishibashir Nobuyuki 20011'05'27

CONCLUSION

The conclusion ollhis review delves deeply into lhe evolvinS landscape oi lab let-in-crpsu le technology, providing nuaoced jnsi-!hts

inlo its ongoing ad vancements and lhe exc iling potenl ial for future developmenls The synergisr ic in reS rxr ion of versat ile lolln Lr hl i()n.

Phrrmaceurical Formulation

Apixabrn Fo.mulations

Composile formulation comprising a

labler

encapsulared in r hrrd clpsule

Pharm,rceutical capsule containing at

Pharmac€utical composilion
comprising dulasreride

Diclofenac sodium oral pharmaceuticrl

Cavaturr Raghu cr al.

Sherif Ibr.rhim Farag Badawy

Kyeong Soo KimKi Young Jang
Seung Jae Park Yong II KimJae Hyun
Park Jon-e Soo woo

Ahlgrcnt Nils William cl al.

Publicatkrr dalr

2023-03-02

20t9-0.1- t5

cutling-edge mini-lablel
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Thit multiiaceted approach nor only addresses existing chau€nges in drug delivery but also holds rhe key ro signiliclnrly enhancing

therapeutic outcomes. The comprehensive exploralion of tabler-in-capsule lechnoloBy in rhis review signilies its lranslornralive

impacl on lhe iield, ushering in a new era of oilored and efficient oral drug delivery systems.
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ABSTRA('T:

ObJectfir: Ihls r.i.i.!I alns Io develop. oPliturz. iud 
'hiracrelrz' 

rh' susranred release ''
,rr,, oculi. gel"orr.,u,r,,-Q,r)o\!tlo\icrr hldtocll'rde \ltleriilrud llellod: Bo\'B'lukc!

desrgu s'ai applied Io oprtuuze rhe forNnla(ron I[e ude!'r]denr \arialrles \\ere (x:r

cor.:eltarrouofsulu,)ralgrl;I.loos!).r\:rcor).etrrrirldroi.nrt'oPol9llr"r\\\)at)dl\r)
coDcrniralron oiHP\l( K100-\l ro.( \ r $hrl. rir.l\:rdnr! riledse t0'r\ilrllr' depeudenl

E\alorlion: tnrll)er tlte oplunrzed lbrnulaltot) \'li .\iluai'd Ior apfeaLarrc' pH rr!"s'r)'

gelliLre capa.tll. dnrg.oorelrt esriuarior' srerLLN resruls and sPr'aditrrlin' 
'1t 

iilir)ntl'r'd geL

R?rult: The oprir zed tbntrrla ot rrrorilt]o\rcur nr rl/! gel (olrrirtturg n'drrr$r aigrr)iri I I :
;"\r !r. Carbopol 93.1 I lo"N \ I and HPll( lilO0\:(06:50os\r{'isloundrobecLear'pH
\is ioutrd ro be trr ftnge,6 S_'.'l rinrl tir$!e1lln3\rnnuD dnrg r'lcase oi96 li0i rrpro 3 h'nrs

These r.snks corrchrded lhill n, !irr, g€h can be xsed as all 
'lr'rrralr\ 

t ^Itridrrloj]'l '!' drops

()cnlar dnre d.|\.q 15 a challellgutg (nik tor rhe

phtuur...nlr.rl t.reriisls l..in5. of (Lr. pI .'r'\e
ru:echar rnn .i .r.s !rr.h is raPld pt..oluerl (lrortrrarn'r

oI dnrg. rear Nmoler aud Poor dmg biDa\iilibrlrh li

('oovenrrarFl dnig d.li\ etr- ;) sierI iuch.s cle dlops

slroNs pool onrlar broararlabilit]'l'50!). To orer'orte

rhes. i..rors. rlr. designrrC o, r r)ovel spproi'h lbr

s upl.. 'oli. .1rr,1 ciitcti\. dnrg deli\'.! lMs b"d
urres enteil': oler rhc ! n d..ad.j ie\ef'rl rorel

rpproit.hes hile b.en de\elop.d a long {'Iicb 
'rlrrrr

gel: his .rirrnrid a ,sreil aterrlror \hich \lIe
r0,e(_r!.,Fn bt cIL n.( reler,lr"rr _ir1..

br!r.\ artabrl,r\ and dre.apenuc etl'i.a.v oi fie ropNalh'

$I.n lhe polpr (lraLu ts .ross-lLr*eil elrh'r

che rcalh rchemrcal crosi'lru1'u!r or rloLr-colalelrl\

rplrllical .rois I'r*xrgr' Ihe pol)'rncLlc soluLo'r

rrinnbnns ilro,he e.l Au iddrrldr.t rrre'lianr'irI krr'rtrr'

ai pl)\tolosr. !rx[uli 3re aln' rct!'rnsri]1' tirr r|'
lbn \rlartor oir!'rlr gel. rl)ese srtrnuI rch eI[o;enrl
ar. iu!gercd bv lelrpernnrre ar)d Plt !] Nnrlr'l!]lrs

flnrl!l aod 3!nlh.r,c pol)lrelJ i cl) a! illurlc a'kl'

g.llin grur. ri;rrnhrrr)r gur. \\loglLr.ar\. Pe'ru) 'lIrosi'rl
poll (DL l cl,. ard, Pol\ 1DL l..ud.-'o_el\'oLtrl'i

ind pol! ciprola.rot)e are .nrPlo)'ed ll1 llre torml'lirtr!'

aurl de.ttqmeLrr oir}rrra gcl dnrs deliren svsrellr lri

The lbn:luhrlon adopted 6 a radrrxn ilgnxrl' $l'l'!on

conlsur!8 rirboPolell ilod HP\l( li il)0 \l iutconr!
edra!.er) \hiil).onrple\.! \]rh lhe (a rotr\ !r't'rr
rhe la.[r\lr$l flurd t'er cal(rrArons ]rrrem'r \Lrlladnnnisl.red dmei tl
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sodnun ilgrrr.. le..llnc kr crors-lu*xrg oi lolllrre,
.lDirs aLrd torlrlr)g a ! ill i.t stnrcnx e Ce lallo! ui\oh es

r[e t'q ]rri.nr of dout)lc helical rrucriou zores a d

r.assen$l)'ol heLicil seSlllenls. .realrng a lhr.e_

dirneDnor)al r)er$odi era calroo co.4)le\alio .nd

h!_droqen bordirrg lvi(h sater

\ lu\.rloxa. .n .( r, r' .r) arrrJ,r\r<..a1 lgerrl b) Lnp(rius

and utitrilulg (he f,nlclions of DNA gvlase (also kro\ru
.s toporsoAreri$ Il, nfld roporsonieri!. I\'. T|es.
.nz,tnl.s a!e cnr.nl tbr bactelLaL Ir\A pro.esses.

ctudilg replicario!. rrandarioo r.pair. ard

Fcornbxraron B! blDdu! to ihese e 4'nrcs.

-Uorrtlor.lcur dtlntpG lhe surli\at m.chanisDr; oi
ba.reria. nmklrg ir d rlec( ile coocenhiro _d.Perderl.

bacrericidil fl nLrLre.IiIe r)redi.iuorr t':

Urle al! {ud }lelhod!

\Irtr rlt

\loritlo\a.xr Hydrocllonde \as obtair)ed liour l15\
PhrrnacheDr PrNale Lumled. Hyderabad it i grli

srnrple. Sodruu algxlar. Na5 procnred tloni s6;o
Rer.irch L,ltoraror\ P\r Lrd llalnrasl)lm. ( arbopol

el.l$a!pruchised,lomLobaClrenrieh1LId.lftunl,ai.
HP\l( !illr0\l sar prG_nrcd Iiom (helrd!.s
(orpoririDr. Ra.ikor Grjam(. ot[el rngredi.nrs and

re0senri r err ried lri.nilltical sr.de

]IerIodr

Drrr8 Poh nrer ConrPilibi:i$ Snxli.l

Fou er Trarlfol'ur IDflaled Slecnos.opl (FTIR)

T.,( FIIR ,'e. t I r r'.. \.flu\" ,. li .l. ':h:.1..k ... rl

pure i!r!ur ilorgsde i nr\tue cour rurg ot'rrr)orrcrr
hydrocltlurde. rortopol 9.\.1. irud HP\l( Kl00\l Ner.

l?.oded trnll II. u;e ol in FIIR Spe.ltu pb.l,nner.l To

.\Jlmr? lle t)h]n.o.lritn(.rl fineli(rro s t'.r*eclr Ih.
dnrg rxJ rr. .\(r!i.nIJ. lrrirl)sis rli^\r![ tIIR (i:
rnnilncc,l ullxznrg ilr. Porassnuu i)r )!di ,rsk

\telhod oaPr'€pnration of 1rr-sir,r G?l

Tl)e .onrnosn(1lr .rl rr-r/rx lel coltraurrng uottflorarto
h\dn.Uoflde (is prlared by .llulo]ulg Bo\-

Behnlen dcsrgn pretenrid o Trlrle : To Prcpare rlres.

lb nularors. SodnrN algulaie cornbirled srrh

Cartopoli 9lr aud HP\l( Klooll \as uril,zed nr rg

rhe dispersron u)ellrod. hrrlau]'. 'S nrlofdL:lill.d $il.r
\,i, p.el'e.11(d ru -0 ( Io Jr-J.'( , .1n,.rr iLr,.. (
fo,loNed b! rhe iddniol of HP\l( Kl00tl. and

Cartopol! q-tl uno rh. solurron This nnxnrre $as leii

ar toor) re[)pernrure o\eflnlbl lo al]o\ ior polln)er

h)'dmrrorl S.p0rir.l) rt)oxll'l!r)ia.u l))dlochLoride

r0 rod\ !r \rs driioh cd u) :i nrl oidlslllled saier ilrd

rh.u added ro lhe pol)'nreflc roltlror T[. riirinrr. $'as

n!'reLl !trril.t nrrttrln soltrlro $.! a(hr?\ed Thr fir)il
prodn.r Ni: rb.u trlled ir)lo sr le orntr.r-c!,lored bon['i
aod irenlzid ur in inkrcla\c ir l] l'C tor l5 lu!'rre.
Srts.que l). rhrprep.red lblllnlirions \r'ere lrored ilr.r

relngerikn s( 1'a nlril iulher n]! 'lli
Forunrla ODllrrlzilion ushrg Dt!i8o ErpeI Sonrv]rc

Conrp ler' 8i(hd tr,odelir8.

Bo\ Behr)k.r sralrnrcal dengn $ilh .l-laclort. l-le!.1i.
and l5 nnN sit lnPlenl.lr.d loi dre oPilllrlz.riorr sllkl\

uruc Desrgn-E\pirI soti\\ ar. i\.rsrou lir
Co1)cerlralron oa sodirxt) algrnal. loos !r r\rr
corentmuou,rl .arbopol gli (0"\r!r l\lr iod

Corcer)rr0rron ol HP\lC Kl00\l io.\'!r l\'j) r.re
sciecred i\ ulcp.udenl \iliblei and $e\ $cle ser.r
lo$. mednnn rRl hrgh le\11r Tit)Lelro I surDr))a rlzes rh.

cod.d ralLrer ot (l1i!.renl !ar1ii,l.r lx accods re $nh

rhedeslerl. l5 ,i!tfi g.l toronrl.iions Ner. prepared aod

clmricrer2ed li)r,flrl?oidnrg r.Leai.(\'l )\hrch\.r5
chotcu as respon:c pam ercl TIIrs desrgn explax)s rll.

Nan ettecrs d urr.ra.tidr eileot oi lhe iLrd.|)eoderrl

\alables on rh. ibrlrrnlirioo rlrara.rc s(i.t Tlrr

oble.irv. nri.nor Iiy rhe pret.lr snld)'sa; ro .nba .e

the rerdrl(]lr rllnc oilhe ti1lonrlalroo iud strstair)ed drug

r.l.ase ol 1. prcducr.

Yl=b.-A_B_(
rEqniriou lr

\\'Lere. bi ls arnlrnrrrc DL r r.spoNe oi Ii nrlj. A B

ard ( are lir. rnd.pendclr rirrrablet

/)
il
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I.bl?1. Le\rh nndCornlairt ofludeperderl Nud DePetrderl !itlabl.J

Iudipendenl Vaflrbles

A; (or(eoll"tioD otSodl nr

-{lglrilr

Ler€11

Lo$ ( r) ]!ediulll (0) Hig! (+1)

0.5 I li

B: CoDcel\lI illon of(i$oPol
911

0.:5 0 6:i I

(': Cotr.erll?tior of HP\IC
Kl001l

0:5 0 6:: l

Drug Reiease uplo S lonls ( ",)

Dnln rnalrrh rud vrlid.iiou ofnrodel

Bo\ Belnlicll d.si8 $.; pani.ul.lly sele(.red. b.c rie
n needs It\er flrls rlfn i cen(ra]€oorposire dengr. nr

cases oI rh"e oL fonr \ariables. Ar)alr-srs of la allce

' 
A\(r\,A, \ rj ur(o ro (jra('1.,h lh( r., r I.i.rl(dl.d.r,o.,

olrhe polrlo ialeq.aliorls generared bt Desrgn E\per
nniNire All rlre responsis otis.red \erc
snnulrareoLrrl! iined io l,near liil]r orter r. ard quadratrc

nodeh \'.rons rianbilltrer sere.ondrrr.d orer lltc

e\pernnerlal doonm ro lurd the .oouaslrrot)s .l rhe

oprilm2ed ,r-rrr, gcl follrlul.lLon :D aud 3D respous.

sula.e plors (lie.1 aod l'ig 5) \!ere geuel.red b\ llle
Design Eripe roti\ire The r.srlranl r\perlrrr.Irlil
!r hres o I lhe r.rN nse5 \'.rt ilLrrtur (atr\ c h .outp,rr cd t)
rhir oi rlr lredr.rcd \iturs.l';

Cbar',rcleriznliotr ol )torinoxrctu londed nr!r, grI

r. Phr'!icnl ApDearaDCt

The lornNlared ,frrx ?el sohrti(rLlr $'et. Ien.d lbr

cl0ritv t,! risnal appeararce agaiurl black and Nh(e

bicksr! Dd xr bflsh( ligbi. Tlrc pH oI lbe prepared u)

nnr geL \'ai urean)red trl dtgrlal pH Nerel (Lrblr.h

DPH-115 P\1. CheL ar) t: l

2. Gelllog ('npi.it)

The abrl$ oirLr. li\nl]Lilirlon Io forn n g.l \as.\'alLraled

b! i.ldnr: reieriL droF oa rI lno i \t'I {rrl I ll11 oa

sumrlir.d reft Lrid. li.rNt frePat.d ind \rrl I pH oi
_ t obsei\irrorr \.i; Di.d. !rnrill\ ro d.(.n)xIe rhr

,lum!lofl r)e.,leil li! gel Ii.Irnirio!.1:r

3. Rheoloslcnl Studlr!

Th. ilscorn\ .srtrnariou $is caried oni nj' g

Brookl'i.ld !Lscorr)erer (D\"E. t'SA Dnnl.lr thr r! rrl,
gel ib nrlalrous ,vere pla.ed n a beiker. Ihe lanules

$.re omh'zed ar ll'( Sprrrdle lnn\ber6L \asdropped

perpeudicularll uno rir. solurotr xr. beaker rhefug!l.r
\elocrr\ oi rlle jpnrdle $as rlr.!.ascd fufln l0 rpnr to .ral

rl'r). rr,l( r,e.loa..J. r'er'\!'i .\r llle lor.n'l' ^'
\'.s nor.d ir th. eDd oi-10 se.ooils t rl

L Spreadablll$

Toderermurerhe rpRidnbilrr\ oi!r-sLN g.L mnner Lg

oigil lo lhc .errrre ofa !la:r !lii. r l0crrr' l0onr ar ll :
0:'( and.o\e1 lhir plilre b! ilrolher gliss plare oIiiLrr.
sDe .\ppl) n)rne $.tghr lll5gr o tlre npp !|tr1c ro

clelrl\ :preid ihe lel Ali.r re n)unrlc rer)F\. IIe
Nerehr and N.anr. lle nr.nEler oi th. r.l spread itrea

(.rt),. P.rforn llns delenrruilLon ren ill ll]plr.ares Tlr.

nralh.nralr.al [rnnnk e\prerleil a\

s-\t.l T

\\'lr.re S rr sprradibihr]. ]l r! \'.rghl li.d to lb. upper

glajs sl c L r! l.ngrl) ol rhe sl$s >Lde xnd T t: ruD.

rak.n ro spcad riE 8el.t:rl

5. Drrg Coot€:tl [niuMliou

The o" dntc coniellr .arred ou L)\

drhnxrg prep .d toonnlirror.qnr!ilerlIo i0org r <0

rrl oI drsllllrd Nrler in,l arrl)zed irtler lirrflr.r dillnl(rlr

A
w\hincipat
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llsng t'\'-\ rsrbl. spe.rrcpl)oroorerer lShL,nadz\r U\'
1800. Shnrndar Coryorarioo, Iapall) at :S9 r). The

e)iperiment \?! perionned !r xiplicaies.rlrl

6. lr{rto Direolution Strdlri

rIe ln rtuo releis. olno\itloxacxl h)-dro.hlolde iionr
rhe lonrnrlared prepararor s.s D\'.sliSaled utng a

Fmuz dilhrsioLr cell ippararus. .orDprisrrg l\to
corilpalrLNnrs: a donor conuflrlLuenr aDd an acc.plor

conrparnlerr TII! acceptor con)parnrenr s'is filled \rill)
rieshly pcpared sirnulaied rear t]lud lpH _ I ).

airta ed nt . renrpemnue of Jr'(:l'C' $'irh
(orlunron' srirrurg rsng a t)rgocnc !rn.,
Snbs.qnenth. rl). doror courparrrlpnl- conlannug 0

.ell.rphalr olc $rar)e loaked o\.,|rghr. \\as lcculel)'

a(a.ired lo fte a.ceprlrr coruparoneul. A: rul\olLnre of
fi. pr.pared lolurur sas !lr.n addcd Io rLre dulor
companrNr)t. Ar trrdrreflnired lll)le ruleflah. I n

r,L(lLrors $ere $1r:)dra$r Iiorn rhe acccprol con)parlorelrl

ard re!laced {rrl} liesh s )nlared rear tlnid. AllsanDles
$ere.ollecred nr !iphcare. Ihe anl(nun oldnrg l.leas.d
$'is qu1nrifi.d nsir)g n La'-!isrlrl. sp.(nopirol())].rel ar

189 trDrwnb sinrnlared real tlnid 
^lfH 

r..l renirigas lIe

,. Slelililr lrlt

To.nnrre rhr nerlLr) olo.!l.r prodrLclS rr E essennrl

ro.orducr sie.ilq'i.srng h dris procels. ihe chosen

lbmnrlaior rs rransl.rred ,rio a sl.nle thnd

rhiogl\.olir. medlln) under aseplr. c )dllrorts The

lxrnue rs rh. rr.rl'al.d for i nunrnn r oi t.l dils.rl
-rS'C to r)ro nor ba.renalgl!\rh SrcnLl)'rs aisessed b)

\6trallv[ip..r rgrhe.liri) olrh.m.drunro\er rhe ]l

Result nnd Di'(trs'lou

Dl,llg Poh rrer ('outpatlblllll Slnd,(t

Forrier Trall!forD Irfriled Spechos(opr" IFTIR)

An lDli.r.d inal)'ri \ri condncled Io u)\errr!.re
pore rial ilnerncror)s benleen lhe pnrc dnlg rlld

^jd,rrre( I.grre Ll(p..,. ,ne FTIR 'p((,r., 
.,i

' o\rfloriainr !rdroclrloride ilor)g $ rlh ph\ ]calu\flxe

Thc spech of pnre nro\rtloxicu) h).,drochloflde l.\lH)
d6pla)ed drsrirci p.iiks. rn(ludxrg (=O sir.r.hurg
!rtxirtrrls ar 1-10 co):. \,H slrel.hxrg rit'ralioDi rl
:9lS c01:. ri O-H srrer.hrDg ubmroD ar .l5li cnl : Iu
FTIR rpe.rra of plrl'sr.al nu\nre. p.u)a4 ibsorprrou

bards of uronflo\ircxr l))'drlrdrlorLde \ere .ude')r
sho\\nrg no r)orable alr(mrroDs corptued ro pue dr1lg

specrrL[r Tlur obiir\aiNr udr.fl€' no ifrp,irtirl
iLuel.cuon tr.Neeo ihe dnlg ilrd pnl!rllers.

;

=!a

p;itE
ii

:!ii;i;i.iliaEE:Ic:* *s

Fl8.l FTIR sp?.tra oI plue rnoxrllo\a.irr hldr..hlotrd.IAPI I
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g6iiiE

rh.2 FTIR spectri ot'pl\srcal rrn\nrre oftro\rflorncrn lr]'drocirtorLde and polrlncls

Fouurh opllnlizatiou uslug Design Erperl Sofinare

D.sigll E\p.i solhlare (!.rsion t-1r l) accordalce $irh ll)e desigo. li nr-lirx 8cl fol)nrlilrous \ere pr.pnLed i|d
.hracrer ued tor rlrrro o d dnlg relea* ll l ) \'hicl) \'i; closeu a! t eipon,e pa lanrcler lTiirli I I

Indore Instilute of Pharmacy.
INDORE (M.P.)
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Table:. E\peo lerral nlI bt desrgn e\PelMii$ e

snl Rut) A Cirrceutra.on ol Sodirxn B:Coucenrmiiou oi
(arbopol9l.,l

C Cou.ennalroD.lI{P\lC
(100\l

I I 015 i 6ti _s6

I5 l 0 6:5 0 6:!
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.l ,1

S

I 0.61s 96.t5
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Dnri lDal$ls ird opiiruizatior

R.spoxte Ilr DIug R.lense trplo S Ioul\

The hirh \alL,e oi Ib. .(rrLeliror coefticrelll lxicar.s l
good llr ber\\.en llre x (p.r)denr ratr.trles. ,Ixl lhe

Th. \lodel F{ah. ol l9-t.{r mw[.s lbe nDdel 1s

srgnri.mr Ihcre i;onh a 0 0loo charrce rhar ao rrih.
dlri lngc.oLrld o(cnrdne io rroEe

P-lalrer leis rlisn 00500 udicare uNdel l.nDs are

nglrnicanl lr lhrsciseA. B. rud ( are rrgNiicarl nrodel

Iflrus. \hlues geiler tlmn 01000 lrdicate (lte Noiel
'(turs.rr.r., (ren.lr!.,r ll rlrr. rle nurl) rri'r!'r l(Jr)l

dependerr rir!.bl.. The l . Inlrdel \n! JiLurd n' he

sisrii'rcafir aJ sloNu nr rT.bl. .\r.ud rlt P r.Lu. D Le!,

rha! o0: Thrt r.nrk .lcari! derrrotrnnrer rlxrr rln;

5.l.creC !rd.p.ndenr \arr,rbl. h,rvi i nilrnr.0lL)
siErfici\rl unltenre on IIe dnrg rrl.'aje l:_'

,r)odel r ns txor coutlrxrg lhose reqrtred kr nrPt)o'l

iriemr(.h)'1. Diodelreduo!o[ nrr xr]ptor. \ollr rrrNlel

The Ll.k ollu Fralre oi:0i nnplres llrc Li,rk ol Ftl

is nor vgnri.i relnri\e ro rh. pur. er'ror. Th.rr tr i
-1- _\-0, aocc rlrar i Litrk oiFrr In.11r. rhLs l.rge.o
oc.llr dre kr rorse \o| lrgDii.ioI li.k oilir rs eo(1d

\. sanr rh. rr)odelro fil

rl" P[,j,.r.d R'.r'o16l{ ir 
",,t""r*trLe 

agrcer .-r',th dre l!,rsted R'ol09-6.1. r'e rlr. drifererrce is l"s rlrau0 ]

Alt
Urin.iprt

lnd(,rc Inslilute of Pharmacy'
I\DOIIE (M,P)

Tabl€ l. Aralysis ofYariancc (A\O\:A lor Lure Nodelr

\lo(lel 5 l.l 3-l t_ L -li l9_1tr 0.0001 ngniflcrul

A Couc.rn*doo of Sodlrnr
Alghaie

.tEt 90 I -tsl 90 ' 0 000 r

B-Con{€olIfl1:oD of ( nltopol
9-1{

:5 03 L ::0r ts:-r 0 0001

C CoDCertalior ofHPU('
KIOO\I

r.Jl I ' .11 si6 0 01.1_

ll 0 ss6l

L.ck otFil s'9 0 r-61 I0l
!igoific;rrl

PDe fl.lor 0 96:6 0.l6ll

(orToral 5tl0s l1

Trble {. SIo$1 8 Fn SIirislL5 oflir.ar n$delrA\O!Ar

Srd De\ 0.9tt.1 0 9stJ

\Iea! s6 ,.1

r09 Prdi.ted R' 0 !6li
.t9 :0s.r

t159

Sotrrc. Strnl of
Squrlcs

DeSree ol
rr€edon]

v.,D I r-Yrlue
Squarc

I

T

flt Stnllstlcs ofllueir model (AliO\'-{)
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Adeq Precri(ru ur.arxes tire signaL lo loisc mlio Arnrro
g-reare! rhar.r rs desr.'nt'I.. Yonr rarro oi.l9 :0E jNrcares

an adeqrFre sisral Thi modelcan be used ro n.!'8are

Firal Eqn|ltloD itr Termr ofA(lunlFacto15

Drug r.leas. (11) = 66666:5 - 155:150-A -
I1166:*8,1<666-*(

The desLgu expsrl soii\rare elggen.d lh.r I r9o, .t
sodtrun alguraie. 0 S5o" ofcdtropol9-1.1 aod 0.9S.r0. ol

Flg.t The Corlour plo( ior \'r r0. Dnrg r.lease uplo I llours )

HP\lC Xl0r)slnN s opllrm rr dnrP reLeiirr rLPro E horr'

All risponsc grarnrs slro$' g delxabrhq ard drrg

releise .r,1,1'lrr(,rr rrrdeper)d<n' \1r..,l le' e (h^$,r i,i

fignre -t. (oLrlour plol irrd illree ditninsion,rl relporD.

rrr'.h 3 p.._, I oplrrlxlro l;. r."'l1 r\r. .'. ll.1\rrr'rfiflr..
I ard I r.!p..rtr cl! slo\s lhe itneFcridr eile.ls oi rr

Iacl(xs on response \\'Iei) rhe e\per renlal dirir 01

re+xrLrs.l)'l ) oi lS rurs $a! iilred lllo drliirenr nrod.ls

oi Box Behr)keu d.!i8n. 1 )ear mod.l\is lbnnd Io be

I

Flr.,l All respoDse glapls sho\ rrg desmbrllr_ and dnrg relei:. al drflir.or rr)dcper)deul \inables

@ {(,
PKlPut

'n'r'')re,l:ilit'il;:r'f t:imacY'
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Table r Neurological diseases:
pathogenesis, genetic basis, disease
mechanism and manifestations

Alzheimer's disease (AD) is a chronic and progressive
neurodegenerative disorder that predominantly
distorts the human brain's vast cerebral cortex and
hippocampus regions. The disease is characterized b1,

a range of syriptoms, including mental and menrorl
impairments, cognitive decline, and pelsonality
changes, and it predominantly affects the elderly

._population, especially in patients above 65 years [3,g].
It is distinguished by two key neuropathological
features i.e., (i) intracellular accretion of
hyperphosphorylated tau- proteins, which form NFTs
in the brain, and (ii) extracellular development and
deposition of amyloid-beta (Ap) plaques [3].
Parkinson's disease (PD) is another most common
NDs that significantly impair the eminence of life and
dependency and increase the menace of premature
death in affectcd individuals [U, 16l. This disease is
''rstigated via substantial damage to dopaminergic
nigrostriatal neurons, leading to reduced motor
function and induced symptoms i.e., bradykinesia,
resting tremor, postut al imbalance, and muscular
rigidity. PD are distinguished by the accretion of
protein aggregates, LeuJ' neurites, and Lelry bodies,
primarily composed of aggregated and misfolded
forms of pre-synaptic protein o-synuclein [4g].
Amyotrophic lateral sclerosis (ALS) is a devastating

demise of both I per motor n h{,
PI)/ipar
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hbstract

Neurodegenerative diseases represent one of the
utmost imperative well-being health issues and
apprehensions due to their escalating incirlence of
mortality. Natural derivatives are more efficacious in
various preclinical ntodels of neurodegenerative
illnesses. These natural compounds include
phltoconstituents in herbs, vegetables, fruits, nuts,
and marine and freshwater flora, with remarkable
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enhancing cognitive abilities in preclinical models.
According to the latest research, the therapeutic
activity of natural substances can be increased by
adding phltoconstituents in nanocarriers such as

nanoparticles, nanogels, and nanostructured lipid
carriers. They can enhance the stability and

specificity ofthe bioactive compounds to a more
considerable extent. Nanotechnology can also

. provide targeting, enhancing their specificity to the
respective site bf action. In light of these findings,
this article discusses the biological and therapeutic
potential of natural products and their bioactive

derivatives to exeft neuroprotective effects and some
- clinical studies assessing their translational potential

to treat neurodegenerative disorders.

Graphical Abstract

Common mechanisms, therapeutic targets, and

molecular pathogenesis of neurodegeneration. It is
focused on the biological and therapeutic potential of
natural products and their bioactive derivatives to
exert a neuroprotective effect on the pathologies of
neurodegenerative diseases.
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lntroduction

Neurodegenerative diseases (NDs), comprising a

diverse array of disorders, are typitied by the

progressive degeneration ofboth the structural and

functional components of either the central nenous
system (CNS) or peripheral neruous system (PNS).

Among the most prevalent gBkse maladies are

Alzheimer's disease (
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and spinal cord injury, which typically afflict
individuals beyond the age of 6o years [57]. These

debilitating conditions engender a prodigious burden

on individuals and society, as the progressive loss of
structural features and firnctions marks them-

However, tltc root causes of several NDs remain

obscure within the current healthcare system [4f].
These NDs often present with a range of biological

. phenomena,includingneuroinflammation,oxidativc

stress, cognitirle decline, the accumulation of
neurofi brillary tangles (NFTs), abnormal deposition

of amyloid-p peptide (A0), diminution, or inadequate

amalgamation of neurotransmitters and abnormal

ubiquitination are linked to the progression of NDs

[43]. Nevertheless, the role of aging in NDs is crucial,

given their imeversible nature, the attendant social

and economic burdens, and the paucity of efficacious

therapeutic inter-ventions [9].
Acute neurodegeneration is a clinical condition

characterized by rapid damage resulting from abrupt

insult or traumatic events, i.e., strokes, traumatic

brain injr.rries, head injuries, ischemic brain dan.rage,

subarachnoid, or cerebral hemorrhage. Conversely,

.hronic neurodegeneration represents a protracted

ailment in which neurons undergo a

neurodegenerative process that typically commences

gradually and exacerbates progressively due to

vadous aspects, ultimately causing the irrever.sible

devastation of specific neuron populations. Chronic

neurodegenerative disorders comprise a variety of
conditions, including ADs, PDs, Huntington's disease

(HD), and amvotrophic lateral sclerrisis (ALS) [aZ].
Other neurological di
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atrophy, Cockalne's syndrome, Coffiniowry
syndrome, Triple-A syndrome, and Rett syndrome,

also fall within the puriew of chronic NDs [35],
described in Fig. 1 and summarized in Table r.

Fig. r
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11) Sa pllrg lo(atiolls. samphrg procedues. srager,

ard plalls

i2l The nntr(lcal iDsiruuients thouid te applied to

13)TLe proc€ssmg operators'trairu g De€ds.

1-1) Test (ralegi€! that hare t'eerr Prorer lo Rork

for bolh piocess .1ld fi al produ.t testnrg

15) Deriiils re8rrdllrt lest Pro.edrrres. ra$

Drgredlenrs. atrd packagmg

16l'fhe char8 al1d lonrs that \\i1l be t$ed to re.ord

17) Fomrat lo. presefltnrg ftudhgs, recordnlE

(ouclrsionr. and endorsnrs resear.l' 61)dn,8s {21.221

C Validatiotr Repon: folor\.xrg dre colclution of

rhe laldarion, a do.u ented repori ough! to be

lnade alailable Should it be deerred iPProPriat€. it

ought to be per iited nrd approl ed (rigned dDd

dated) It ought to dral\' .on(tusioB5 abotr ihe

proress s rahdarrorr ttahrs itr.l Pro\ ide the reqnired

adrrce for regtlar pio.edures rollos)Dg the

e\ecunor of batches. a \alidatiou rePofl nmtt be

.reated ro elnl ate iidhererce to the Protocol

Dr rg e\e.uiio,r. data oiBhl be g.ltherert r i
fonnit tlut hits bee]l preplartned The fonDtlatiou

order of tire \.l,datron batcl, Pro(esstu8 recoids

rnusi be compared $iith tlle actual \ield thai wn,

ai!.ined ir rnrious nages.

{t DriDi m. rlte follosrng should be nr.luted n1

t )T1re !rud\ t tttle nDlt 8o.rl

2l A meDtior ofprotocol.

3) Spe.iJics of th€.ortenl

5) (l\i:les ard progralDs urilired

6) specfi.! olproro.ol! and testrng tecl:nrrlues

7) OutcoDes 1\\'eighed againsl acc€Prance sta[dardt)

8) Snggestior$ regardnE tire PPer inDit a$d furtr€

applicanoD crltena [13]

XI. CONCLUSION

Lr pl nr)a(elrucal .o,)rt),rnles. rLe Pra.ti.c of

p1o(ers \,rldnriou is (mc1it It is elterrliil to

eDmn g rhit the quah(\ objectrvPs ire futfilled

t' derstaudulg of rhe produ(t and PLo.ess \ be

enlrrlced. .rrd srste. rejecrions, lead tnne!. and

other f.ihrr€r \1ll be de(re.rsed, b\'rorld1l.tnr8

!,rhltirioD nr i(.Lrrdar.e lvilh t SfI).\ Pro(e\s

!ahdation guidelmes Throrghorrt the cotrse of tl\e

piodu(i lif€ c\'.Ip, lhis Suidehle also aid'i m dte

v.l atiol process orsoi g nDPro\emerll Prror ro

re.ening ,rppro\il, i Do\el ,Itedlcahon rtnrr

undor8o a rhorough i d deP.n(tible elaluitron t,l

deterurnle ils srfet\ a,rd effi.a.\'Iot the r lended

ure and irterded Parierr Polrnlatiotr

To guarautee thir the ltrLrg Prod(L.t NiI rrreei L'r tet

pharma(eutl.il ltandard, for ideutn\. nrengtl\,

quaLr\. }ttrl\. rlnl)rlil\. isse5!1I.'trl siL'l\. iuJ

effica(\. piraflrld.eur.il !aLd.1nor arrd process

.ortrol are rcquired \lherr the drug is.1l?ro\ed

tirder the rore e\Pansile staruton CG\IP

prol-isions of 1ectiol) t0l(i)12)(B) of the Ferleral

Food, Drug irrd Connen( -L.i. \dldarur of

uraurf.rctrrrrrrg Pro.esses B deerued au enforceatle

elerrrellt of current good urarufa.rurrDg Pr.i(trce for

a.tile phirnna.eulicil urgredrertt (.{PIs) \'il atiorr

of mr:rrrfacrururg procesres rs i requrreDel]I of rhe

Curreut Goo.l \l.rnllf..htrirrg Pr..ti.e rCG\IPr

reguLrrtrt for Inr$hed Plntrrrr.r.euri(nls (21 (llR

211100 a d 2i1110). There ir a high degree of

€\act assur. .e thit i rtu ufachlrmg Process lhal

has beel] \ atidnred Nill .oDristenrh lreld a...PrnblP

rterrs Tlr 5. lrocess \ahdnlro rs a J.ientific sa\ ot

pro\'rg rhar .r Ptur.ess ..u re|ahh produre hrgh

qrrahn results
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sNd) at

sPeed hdividual s?ight

Thickr)ess

Fnatrlil\

[hsurtegation

Contert

uDifonDit\

Coating

lnlel rerttp

E\tra1l5t

ie P Pau

sPral rnte

sntr

\\-ei8ht buti.l uP

At tLe elrd of

coatlng
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Drssoltlrion Protjle

ar 15.20,30.15 &

Blister

Packrrg

\lachire

fornirg
and 

'ealtrrg

Blirr€r appeara ce

and q(alitl'. leak

xnPnrit\

). Docuaeata

A Validatio! Master Plrn: The PurPose of lhrs

do.trnent is to derronslrale lo rhe Federal

Deparlmetrt of .lSnculhue (FDA) i:rsPectors that

the.o rpaur has a !er! $eli orga izPd \alktatiorr

program ln.hrded h the fonuir ard conl€rt shotld

2) Orsanizarionnl (m.tnr€ drrties a5ri8,red lo

{r PlJrt prore$ '{ /rurllrl tles.nflrJu

justifi(arion f('r ddd'rloos or delenoD5. ii! \Lell 
's 

rlte

s.ope of !.tliditior)
.l) Parti(r ar pro(ess faclors lhai reed sPecial

atierrtiorr.nd are.nr.)al
5) A rnarri\ foflnaried list of the r\slems Pro'else's.

aDd prodrlcis ll[t eed ro be \al ated. aiory \ith
the (alidatio lnelhodolog\ '

6l Nev acceptafl(e .rit€na, leal ttanrs nrld

revalidationoPerario s.

7) For:uai for do(utDentalron

8) \I.klng use of Ih€ recessan SC)PS

9) S(hedules for even talidariorr P.oje.t and rrs

subsrdian protecIs .19, 20-

B. vatidatiotr Proto.ol To glrnrantee tlral lhe

proce5' ls 5uffi.re th \alidared. corrlPrehe nle

procedtres nre ne.essin lor carnnrg o11r \alidario !

The follo\\nlg .ornPo[enri [tst to be nl.luded ur

!al .rion prorocols:

1) The goals .tDd e\lent ol the liilid.ltion sl&t\'s

2) ThL' (nrlp.,srtiolr. (redentFls, drnl d n"s of die

3) \'dlidatiot q.Pes nrclrrde ProsPe'tl\e.

.or(emPoraueors. retrosPecliYe. and re !alidation

.l)The qu.rr(it\ arrd choice ofbarches io be ln'luded

lr rh. !ali(larrou r€lear.l1

5' \ lr5r $rrI IlrP r\Pr,rl Jtxi $cr\r t.rsc oPet'rrtrrg

paramerers for er en piece of equiPrrerrt th at s itl be

6) Iqarld OQrPsults for esserrtiil equiPmert

7) Requirerle ri For all nreisnremertt ilBrnnne t!

8) I rporlr t Procers

thar apph to them.

lariables and tlle tolerances

1) Lrtrqdn.tioll s.oPP. lo.ittron. Echetnrle' ard

9) Proces,.haracteristics ind \anables rhat 'rre

Ilkel\ to (aus€ rrsk onld tle noted

l0 \ (nl\ Jl rl, P!!du.r( rrrr<reil't rrrn"rrt ' r'

ured to des.ribe the Processtrl8 Processes
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Dt Proceas VElidation of Ma.aufacnttitS

Proc€ss (8t., Solid Dos.ge form) u3l
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J
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It
additiol ofra$ materials (disnltegrants ald
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V blender for tlendmg
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of all pro.ess related do.ume tntion. in.lndtu8

validatior audir repon backs. At dlit PoiDt. the

vahdation teaD addltiomll) 8$raDtees thit there

hale t been arl\ Dodifi.atidlt or derkiurt tlhr

lhodd hare led to re\alidation ard reqrlalifi(ation

lr r. 12, 131

Siep I Pro.€ss Desigu

a. DelelopltrS a d PresenuIE Proces Krosledge

.nd t odeistandnrg

tr. Fonurlatnlg a Piocess Co'ltrol Plar

-t
I

Srep 2r Qrtalificatior ofthe Process

a :a.rbt! desi8n afti equiPnlenl and utillt!
qualifl(atiolr

b Pro(e's perfonnrnce quatification

.. PPQProro(ol

d. f,\e.ution alld Report ofrhe PPqProtocol

I

+

Stpp 3r OnSornS Procest vilidntion

Fig 3 \lethod, for Yilid.tu g Pro.esles

VL Tr?es ofPrccess Validetioo

-\ Prosp.dive vati&tior is the Prn.ti.e ot

.ond ctmg \aldatiol before a nes Prodo(t or o €

created usrrtg arr altered namfacturirg Process a

process thai rnal have .rl} illPacr o]r rh€ Pro.luct s

characreristics-is disrrihrted. FI): \ alidatiolt i,

perfomred prior to rLe re$dar ProdKtior of Soods

meitlt for relail distflbuno .

B Concurre wlidatroD $ ttre Plo(ess of lalidilmg

producrs that nre routDeh produced srth the

iuteDoon of sehrg tbe .

C. ReEosPe.Bve validation i, the process of

raLdanr)g a proitrrcr s uaiufartunng Pro'edtre

rrsrng tlara froD productiotr. lestinS. a d (oDrrol rhat

has alreadl' beett distnbuled' (FDll Pro'ess

validatior for a produ(t has beel sold usntg

dita giiihered from rnallrrlactrrre. tes.lng and

D Re-Validation .{ rePenl of tle Process ralidillon

to guanr[lee lhal qruPrrleul or PLo(e*

odificarrols nade lD corryliance snh (ltaDge

.ortrol pro.edllIes \\oo( negati\eh itiPi.t lhe

pro.es! s .h.rri.rerirtics or its outPut rlnalit\ :l-{l

vlll. va.lidation Life Cycle

The pro.ess of \alidarion rs ongotrl8 aud dvnaDic

Its s.ope m,:hdes tr.lrLu[8, Pro.els aud s\'tteD

nlan\renaD.e. a d re\ rsioD contlol for

doctrDr€rrtanon. \'alidiliorl evnlen.e otrght to be

\$ible nt rhe corporate lelel ind sho\1 nP ur rhe

anagemert hierarch\ One re(hnique for

establ,shnrs aud Presenntg quahtl is !alidanon ll5l

Starl

I
deture pro.et!. <-

I
r---------) rrefiue The s\ 5le i <-

I 
,,,,",,,,,..,1eed5 0f Pro(e$

edesisn offih! rhe s..srPnr1I
L-- slrrcrD .eert requtrc,tent<

({,
PrlJcipal

I
qualrtr Process

i
Cortnrued \.alidatior

rig. .1. Life Cv(le of(aiidation

o
lndore Instilute of PhannacJ,,
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T.{BLE II The ost re.e defillltio ofprocers

validation is Fovided h dris rable

'DetenDnnng

do(u ented proofthar

offers il h,Bh le\ el ot

parti(ular process !\'iil
.ou5ister)th \ ield nFie. 2 1'-Yodel for latidatiou

V. Process Validation

Europe.tr Counrisslo:| Tii€ \rlidation procesr,

knorvr as the 'Act of Prolnrg, iD CoDphnce \\1dr

G\1?, thai -{ny, geoumeh.lields dre arricipared

our.oures 2000r 'Do.umelrred e\ideuce thar the
procex can perforru effectiieh and reproducibh ro
produ(e d ruedrrural prodrr, r meerxrg s

prederemrDed specifi.ations and qualit,v atlritrutet

rvhen o?erated \itlir e,iablished parauerers

-\.cordxrt to ISFDA 1987. a high degree of

asslrran(e lhal a specified pro.ess lvill consistertl\

prodr(e a prodtrct tieetnrg its pre detennined

speciflcano s iurd qualit\ .haracteristicr'rs provided

bY docrmented Pvidence

A(cordug to lCH. Process \.alidiitio is tle process

of \erifinr8 and supphiry docr e red proof rhat

proLesses operaItrlg \rirhrn the pnr,rnlerer! of rheir
(lesig ated desrgr$ are able to consisiertl\ and

deperdablv produce a final product ofthe De(essary

qualrtl.

\..ordirg to the \\-HO, 'the docu retrted a.t of

Pro\mt thnr anY Pro.edtlre. Process. Piece of
nr.rchnrer\. strbslaxe, acti\'li\. or s\stenr .r(tlralh'

prodlr(es the derired ourcoDle

t SFD-\ (201I) Pro.ess validatioi is ttl€ proc€ss oI

gathernrt ind i ahzmg dara ro d€ ollstrate

scientificalh'rirat a pro(ess car consisterth rreate

hi8h qlralii! prodn.ts. sta nr8 frorr the process

design st.Be and .oDii ri|g thlough conDer()al
productioB. [10]

qu.lLn .hara.teirsri.s

VI- Process Validatioa States

A stat€ I: Process Desl8ni L'snr8 rh. krrosledge

qflhercd frou, lF\plDpnrpDI r:,d r l..,r]'.,,rr.,r,.,
lhe .ouruer.ial plo.€tt is d€fined at this step Ii
r ckdes all of the follo\inrB crearirg stablir\
.o[drt]o|si \ron,)g ind n).rrirgi,)g r,r pm.p( .r11d

frnnhed dos.:ge fornrs. e,luryr:re t qniliri. i.n
mstallario,r luahfi(ntrol|i nri!5rer p(}dr.riLnr

doflunefltsi operanoral qualtfi.ationi pro.esr

capabrln\, lonDularions. pilot b.tch shrdiesr 5(aleup

studiesi iDd the iransf.r oI ti,.hnolog\ ro

.o r er.r.rl scile b.r.hes

ts. Stage 2r Proceis Qlralification ID ihs phase. lhe

proLess d€!r8n, sritabilitr tor repearrble

conunr'r(r.tl 
'Dnrufrrrunng 

E \eritred Tbrs stage r
desigred to.or irDr ftit ail of dre ilnpoirart fro.ess
para{eter litnit! that lrare beeu defn}ed are lalid
ard that goe product5 .rre freqLrer:t1r generatt'tt

ereu ur the \\'orst (nse sce[ano It staDrts for rhe

lpecrfi( rena(h oL .\p.rnncnrs .nrned out ti)

C State 3: OngomS Process Veri6caiion: t\rnlg
regular production, .oui uous arsu!au.e i! obraiued

thal the pro.es stars under LortrDl In order kl

euirrre thii rL.re .re no der:aoons. hiltnr. or

.h.nger ro lhe arrenlr\ pru.ers. is \ell ., th.i all

SOP. xr.h(ttrr8 lhe .h.trBr.currrol pr.,cedure. drL.

prod(.t ihat r.ilnfies its

foJlosed. thrs phase rrecessihres periodir eraluatio

.i,s6r com) \'ol!ne I I

lndore,nslitulYof Pharmr€l

'1he process derig[
!rage rluougir

eriiblishes scieniific

evrdence rhat a procest

i' capibie oI
(orlsirrer)!h deLrerm8
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There are four fomts of Process

depeDdnrg or the stage of nurtlfa!turilg

The four r\pe! of \alttnt1oD are

1) Rerro sPecrfl.,

3) prorpectire. and

C Cleatrirl8 walidation: Clearlrrg \alidation ir a

re(orded set{P that offers a ligh lerel of assuiance

rhat n rpecifi( s\stem. Piece of€quiPmeut, or qualit\

of cleal up rs'regrdarh .arned out to a'cePrable

lnlits and established qrrahr\' \ \ride ringe of

pottuta ts. tll.ludmg hbn'antt irborlle

.olta rlauts. PreParEd Prodrrct residues aud

nicroorgaDisflrs. .:nu .onla iflnte Pbanna'elrtical

goods Therefore, Prctentlrlg contamination ard

(ross-.ontafl rflatlorr requr]es a rhorough cleatrirlg

D f,quiPEeot validerioD: EquiPmeDt lalidinor l5

the esiablislled, docuDerrled setuP that

dcDrorstrare< that drr\ e$rrP,nerrl turr(riorrs rs

nttelded a.d ?rod(ces results thit are nccurare arrd

acceptal,Ie (Predetenuined re,rrlt) T\e :der rllar

equipuerr iee.Is ro be bnilt, lrrarnta ed nn'l

modfiert rr order ro carn oul rhe illteDded lasks rs

the basn of the equlP eut \ alidano11 Proce<! sm(e

eqdpmenr $ the tunda ental e1€ enr of dre

phannrceutrcai rrld{ltn. it is ctuciil to Pro\ide

FqurPtrLcIr \.Lddrrurr're.nr'led err'lpr"r ol

equiprrert) Pnor ro (arn g onl a \ Proc'(r m the

se(tor. i9
lv. validation APproaches

1) \Ianufac$rers ought to d€tigr alrd arrange

talidatron rn i s'.r lhat Suarantees lhe effici'\'

!afet\'. ard quatitl of rheir Prod l:rs oler the

dnatioD of their life c\'.let.

rh

validatior Pro(ess, or orher r€lel'atrt ele eflr has b€er suiribl\

These ire lalidrted

l) QrRljfrcirion !,rd \alidarror should be (nrned out

trt courPliiD.e \rrh estiblisled protesses rrd the

ourcoues s11t!ablf r€corded. for e\aflUle, nr rePorrs

5) The idurristratio .rnd orgnnizarion of \ilidation

slxmld te e]]{rred b\ a ,uitahle nnd effi'rer)t qtalir\

6) Senior maDaSemenr i' Itr .lt,rr8e rrf rtakutg sue

there are enough resour(e, ilailable to (onulere

\ alidatiot tnsks q(i.kh

7) The task of .onlPletmg laiidarlorr slDnld fall to

nrdn'rdels \ho poss€ss rlre e(e!!ar\ tra;nn8 'rud

81 .\ defin&l trmetible or progran she'rrld be ttt

pl.1ce tLr assist \\'rih rhe orgarriziug ilrd cn'fl1ng orrt

of(atidation tasks

9l Itr at(ordance s ith lhe estiblxhed ProN(ol! ind

proteriures, r:rldatron sirould be 
'arrr€d 

our nr iin

organized lnanrer.

10) QLralLflcatiorr aDd \alidation should l'}e (i'ned

out \\{rer€!er rles facilirres lnchr en utiLlies'

'!s.e 
ls, pro.esset. ar)d Pro(edure( ire inrrdn'r'cd it

cL rges are r:rade. co lmgerrr uPL th' lesuhs ot

the n5k ,r$.\srnerlli a d shcrrevcr rerlurted oL

rccouurcLJPd l,\ the rF$rhs or rlre f(n'd!' re\ !'\'

ll) The results of tlte laljdariort lhon1d be

docunerrted m \\ ritDrS

)2 .\\ \r,r",i rI rlrP \\irl'l Herlr'r (rr3'rtlr/'1ii"rr

(\\-HOl guldelnes on qrulirv rsk rtraragenrert llto

breadth .rnd rtepth of vaI<l;tton rhoull be

derenDined t)\ kno\\tedge. e\PerieurP rnd dre

appli.atior of quahr! lrrk miDii8€rDenr PrurclPles

\\,Lrrn .ase s.e arios or parrrcnhr 
'hillenBe 

reits

( .h as stress iond and \olutie \Piifi'itidt iD

.ompurer s\srenl \'aldation. shdrld be raken urto

.onsiderariou $hert addmg lo d)e lil 'rriorl is

2) Risk maDa8emerr concePrs ouglrt io sefle as the 131 The \' uro.tel provide, in rllurtiiiirn of a

fou:rdation for the range and depth o{ qualification quahficario, and lalidation 5rlaregr '22.

3) \\'iler) aPPhcable, \ratistical ( sll('rld

b€ used to suPPon sc

\i
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3) Ra\r' n)ite.ial requirer€rts
.1) Operarnrg pro.edues for pro(esse'.

5)Tle reqrrireurerrts for haDdhB nat€rials.
6) Cha ge control pro.edu!'.
7)Edtr(atbn.

8) The role lrf eqnipuert .o trol.
9r The processs short re l statrlir\ and.apabihies
(latrtude studies or control charts).

l0) \\'orst .ase scenarios. aciioD 1e(e]s, aM probable

ll) lD order to optnDiz€ the procedrre. srarilti.alh
sourd metho& l (€ s.reeunrg p9ernnenis ma\. be

apphe.l ar dns 
'ra8€ [6j

D. Performaace Qrali6catior (PCl): hsrallariou aDd

operatioDal qttalili(ation should be src.ess(rllr

completed befc,rc urornrg oD ro perforurauce

quali6.itlo,r (Pq)

Pqfa.tors .oDsist o{ rhe follos i,rg:

l) Real prodtr(r and ?rocess spe.ifrcariont and

g{idelnes rer fo(h r Oq
2) The produ(t s a(.epr.b n\
3r Guaialltee of pro.ers capabilir! ac(ording to OQ

1) Lory tenn stabilit\ an.l repeatabilitv of the

5) Tests thiit incoq)orate.n npper and k^rer
operarnrg Lnlrr coDditnxr, or cir.unrstiD.es tLit
eD.o$pdrs borh [7r

E Re qualfication: {u\ plriPrrlerr n)odificartu or

rplo.aliorl nNsr be.pproved b\ rhp .hnDge contiol

proLodurp alrer i thorongh e\ahlar,.rD and applrral
pro.ers. It rs reconunerded drat the equlprnent be

requ,rl,iied a' pdfl ol lhr5 ollr(ral e\a )iu,lrioI
llod€st alteratious or those that doD t direcil\ affect

rhe qualii\ o{ the finirhed or m pro.€s( produ.r
.ho,rl.t te rrrarr.eed ,.,lre rl,e pr.!"un\e
orar]rtertante Progranl s docnn)entanou !vsteln.iSl

IIL Tr?es

@@

|ig 1 Tlpes of\.alidatioD

A. Arlaryti€al method vrlidation: ThLs pro(ess a )rs

ro coufirrD th,rt the .hDren amh ri.il tc.hnrqne Nill
prodrrce accrrrate results ,rffi.ient for rhe i rended

use. The vnlidation of d[ahlical merhod,

encornpasses \arions parauetEr'. Tlese irre lrred r
tl]€ follos nr8 order

2) Detecnoll Lnrir.

3) r.r8e.
.l) lmearir!r

6) repeatabilin:

7) reproducibilitlr

9) The qnrntr\ lllDn

B. Process validatioD: llrr5 knld of lil irior)
presents \lrltlen e de .e, \'hich offerr a hi8her

lelel of $surar.e that ti)e pro.edure \\-ill leliablr
remlr in a producr rhar satisfies all predetured

,1.',rl,r\ \r.'rrlird( arr,l rttnlrrtpr Ir ,rJd,tr.,r n.

erullf' g pro(ess repe,{abilit\ artd lo\erirg tle
porsibihr\ of uurufactruiug rsnler. proces,

validariorl,rlso D.reaser outpnt of i 5et qnilitl

f.,ffi]._.I-_-J

m.---T-

m
@

m---r---
m--T-

1"",,*l.--.r..-*

@
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{) quahr! cortrols: Evaluate protocols, rorduct

(orlracts lilidalion testilg, alrd Provide rePofs as

5) Resear.h & deletoPDent Thrs field addresrs

6) Depaftuenr of Ergiree'h8: Iusta['. ce ifies. 'lnd

mainranrs plant, fncilnres, equiFDert, and s PPort

slstenx '2.{, 221

D. Validation Teao aDd Its ReePoBibilides

l'alidariou nrlestigations are Sereralh' cirri'd otrt

and supen isei b\ i di\'€rse teim lndr\iduls

Possessmg tilurnr8 aDd €\Perieuce ir I PeflnreDt

lle1d rar carn ort these k dt of nriesogatiors

Amo g the \.alidalio tea s man! duties arF

tl Lpdates. evaluates, aud aPPloves €a(h Proiecfs

valrtlation dehlerables ald plans.

2) \:erifies that lhe Proiect validarior Phr atrd the

.otltpan\ \alidation rlisre! Platr are ftdkx st tbr

3) Coordirl.ller. carriet out, iud laLdaie5 \'\lP

.l) Gi\es ad\ice, assesses. aDd aPProles flodifi'atiorts'

5) E\aDmes and auillorizes IqoqPQ Plaui and

6) ExaDinet tesl 6udurg: and offers sugge*or for

7) EvalMIes PoteDlral threals aud (r€ates backuP

pla s. I25. 221

IL Phases of validation

-\ Destn q$tication (DCD: DesiS quilifi'aiio

lna\' b€ tlte initr.11 steP ir lalidahng neN bnrldnlSt'

s\steDrs. or equrPmeut (D(U. The desigt: s adheretr'e

ro G\IP rqurremerts reeds to L'e proren artd

recorded It $ ar offioal confirlDation of rhe

productioD f.chti€s and e$riPDenr''s desig ''
Dqfactors rnclude

1) :-egal requiremerrs ard Sood Dranufacturirg

2) Cflleiii for Pedoflarc€
3) DepeDdabilitY a d effeclileless

.l) Access to ard nrarnlellrrce o[ lital usrfltrDeult

and equipuert

5) Impa.r Dn itre erl\ rronrttellt aIId safet\ '

6) Prermle errgrues. ole eoi floN, 'tnd 'ir flo\\

\\itltiD the fi.i[i\ [51

B lDsBllstior q$Iification (1Q): x the Pro'ess of

provrlrg. bl objernr e eudeD.€. lhat e!en' r Porrant

delirl ol rhe Drttalliriorr ot thc Pro.es e+r'Ptner"

aDct ancill,rn s]sreors (oruPlies sith rhe

marufadurer s aPPro{ed sPe.ificatioD and that the

equiinreni srrPPliers re.ornnre ditlor)t ire

appropnateh raken irno nc.ou t Eqn+nlient

5\ rrenrs, arld Ia.llrties thal are ne\ or uPdat€d 
']reed

io underSo mstitlntion qrritlifi(atio

Iqtactor mclude:

1) Featurer of e.1uLp:Ielt desttn {e.8, , cleanitrilr! of

(or}strurtiorl lrralerln15. rtc ]

2) Ind.lllalion .rrc nrslal).es (lrrihl!. furl'l1ou'1111\'

$irinB..t. )

.l) Cle rnrg rchedutes caiitrrarrorl. 'rDd Pieve'rIinlo

l) Se(urit\ eleme[t5

5) Prurts. dr.$ings. alld rrarluals from mPflrrr

6) Documerttiitiorr for sofrNire

7) Lisi ol \r.rrt Frt!
8) Elnilorlnle ral ficiors r chdnrg hrrNidrr\"

rd.l".trr rltr)Dr re'lurr DPrII '

9) EquiP elrt descriPtlou

lO) Fur(.lio .rl \Pe.lfi.nlious for the fa(llit\

I I ) Opcrir(n)dl Preruisc

C Opentional Qyal.ification (Oq): An aPPtoled

protoctl sirould be follo\ed \ter condrrctnrg aD

operntional quatilicalion ioq) tt rhe OQstnBe rhe

.nt.ial oper.rtioml P.ram.Iers for lire s!stPDs and

equip)rent shoold l,e deiernrined

OQfocrors nrclnde.

1) Process coltrc1 con(rJills (lnne ter|ryernnrre'

pressure. hne sireed. ,erltP coudirions et' ) are

a ong the OQfaclors to [x takett irto accomt

2) Iararrete$ ot thc soh\(are

IQ,].C

M;,
I'** 

*'r"F;'
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pieltuman evider!.e rhii the plo.€ss desig \ie1dt

the tiesi:ed product qnalit! throtrgh toDnner.ial

batch marufa(turll1e.

.\ Goals

1) EquiprDent vnl atio,r is e(essar\ for bolh the

malufactumg process atrd tLe itrdividual pi€.es of

eqtliplnent

2) Tlle objectire is ro dev€lop i stro g

manufacnrrnrg pro.ese that relhbh rields a

plranrra.eurr.al produ\r rlrar <arr(fier ptrfll\

iderrification. urrl potencl qualit! srandards \\'rth

little flu.tuaIiotr.

3) -{r}\ process or srst€ s validarlon resuhs rn the

deterDruratiorr of process parfi:rerers ard controls

{) Ii ass;Is u rtert,A nrg potential hazalds and

rvont case scellarios durmg tire prodrrtion of high

quiltr\ goods

ExannrmB \ anations thit o.cu! drLrntg rhe pr.,cess

rs beDeficral

6) \'alidarion eDables iD deprh rnal\i:s .rd
conpreheNiou of the s\5telrl aDd rts colnPouentt.

7l rollostllg \aliaation, $e rnk of retularon

noncornpliance is reduced

8, Lc$ I,ro.e* , o rol and final product testrnq rre

ueeded throrthout a validation procers.

9) There r less flr.lratioD from bai.h io bat.h

l0) Lo\\'ers the cost ofprodu.rioD

1l) Boosts a rifactunDg fncilir\ ourput at n result

ofl€ss re,edio and reuork.

12) R€dlr.€s rhe likel ood that l,at.hes ntal {ail [1]

B Requirements

l) Eripene (e

2)Planniug

.r) Connnu:ri(atiflr and L'uderstardint

6) Srardard ()peratlnt Pro(edrres. Tools, in(l Te.1r

ldquer

9)Report (rn \.alidilioll [1,

T-{BLE I Diflere (e Ber$een \alidarrcn and

VaLdarioD

I ) The.1.t of

de)rronnr.turB iDd

record[g tl:rt a protess,

method. or pro.eduie

geur €l! i,rd reli.bl\
produ.es rhe desred

2) S\ rreu). procerlnle, or

process ral atrou r:

7) \last€r IIan for valdation

3r Do.u reflrir\ proof

th.rt rhe pro(edure \\'i1l

reliabh res(llt rn the

C. DeparEents Resporlsible for Validadoul

The iollosrng depantertts l)old priD n
r€sporsibrlitt for \ alidatro

1l SrIe !.hdiition .oDnnniee: Crenre i plaD for rhe

mast€r !al tatio! of fte srte

2) TLe rDanufn(iririLr8 lecIiotr i, retponlrble for

preparurg ihe batches as f rhe\ \.r. reBnl.lr

prodncrlor batcher to help rr data colle.riorr

3) quaiit\ .rsslr.r(er lenh thar .t11 Pro..dur€'.
documeniatioD. and (orD ia re are 1n Pli.e
appror€r repon, a,rd pro(edlres [rart]nnng the

do.nrDertalron lor \,alk{rror io 8ne rhe Pro.edure

8) I orDatior Eraluation

I .f s.i.i;;:{

tndorc lnslilule of PharhacY'
l).1'!i)?[ I \1.{'.)

qualificatiou

ll Eorunrg thar

eqtrrlnnefli or itr\rLan
tYrlems are iDsralled

corre(th. iln.tioD a,

nxended. aDd produ.:e

the derired ourco es

drrough docr1lnentation

and pro\ irioD oft}is

2r Equllnnert

qualifr.irlon is ci} ied

oui as a .ompo ent of

3l Done o a spectfic

procers elerrent ro \€rif1

rts fnD.rionirlin ,nd

nscertai]l \hether it
poxessei the uecesan

predeteflDined resulr

in S(i @
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issuan.e thnl a pani(ul p.ocedure lvill

I. INTRODUC?TON

\-alidanon $ a cm(ial colnpo eDt of qlla1it\

rhat the eqrlpnleri,

mauufacnlnrg pro.€ss, soft\rare. aDd testirg are aU

of the highest caliber.

|aldatior eDsures that. \'itlun predererrlnred

Dranufacxrrnrg pro.ess lnrilaiiorrs. itenE \rlh
pani.ular quatitv feaiues and qtralities cao be

produced.orristeDth

DocuDe ted elidence that offers a higil 1e!el of

\'.rlidirlx]ll ,le.ui'tB lildarbn. ,1nd olher r.lared

op€r.iiorlr. .re .o\ ered 1D these gu elues [3]

PLnnna(entrcil facrlirle5 use a \ariei\ of Processes.

an of \hr(h Deed io be pre.;e order Io Suarnnree

a ligh qualir\ fnrsl produ(i Althougir the fo.u, ol

\alidatio s nNtlh .rD procetses. sherr rhe sar)re

metl,odolog\ r! used oD i ma.llme or Pie.. of

equ\nDenr rarher rha a Pro.ess. rt r! krroNn as,r

qualificaiior :Ll'
In in efforr to laiee rhe catrtre! of rDedr.atiorlr. Ied

Brers and Brrd Lofius. tuo FD.\ offi.,als. oriSr alh

ptrt our rire idea of !'alidation ln rhe middl. of rlte

1970s The do.un)enled prcofthir offers a hrgh le\e]

ot iss rancp to a de'lred out(ome $rth Pla lled

.onfonnit\ is rh. !.hditiur l,ro..ss The $onl

'\alid or \aI(trt!, shich einurg legillv defmed.

is dre sorr.e of rhrs flrr.sP
The t S [D1 a d orher food. dNg. and

pharma(enti(al regulaton trodie!. itr Nell as rhen

good marrtf.rlurmg practrces reconrmertlatntt;.

nundate !.rlntirnn) I l8'
Precise rnd a((ur.tre easurerllelrl ofauahii..rl dnti

dependr on the calibration of,rtlal)tl(at n)nnunent5

E\enrhurg else rltar dep€ ds t!1 u!trrg rb.tt

iusrnunentaliou ts dnbious if rr lt not .e fied ro

euure th.tt lhe Lesults sho..'I are reliable for the

purposer of this paper. il \iill be atsnnred th.r \\ eli

quahfied,,rsrNr)re iatioll lorrls tlc brsis,rl tlre

ralrtanor] rrrrl verfrcarrrrr \'orl th.r \lU (om..rfter

rh, fr^!(s..I 1'r.rrrrg rhr.,rqh l.l:rtt.'r' te'ttng

drar an atrahlical pLo.Pdure s PertoflDirl.e

.hara.teritiLs satirf\ rhe dem ds of the plrnned

.ruh1i.alrppli.aroD' iskrrostr asraltdation rl,lr

1 orinnfa(rurer Dnrrr io i)e rble ro \il ite lhe

mnrfattururg process Nrth aPProPrrre deslgD.rrld

dependaLne erhods to trausfer Process liDoNledS.

froru de\eloPrDeut to .olunerciJl Produ't1tl

\\'rthru a qualrr\ 5!srem. Procers \.lid.rtron offeE

.orsisrenll) remlt ur a proclrrct tltar satisfies iis

plinned rpe(ifi(ations and qu.lit! atiriblltes is

lno\ur L,s !,thdJtion. [1,16]

To aiDtan ard e harce the qnalrt! of

pharmaceuncal produ.rs. the Food ald DnB

\dnrurl.r rrorr fn.\ d,lopted Good Ilatrutrcrtrrulg

Prarti(e' [2]

The portion of qualrtv assurar.e kroNn ,{ GIIP

makes enmrnlg that produ.ts are regrlarlv

rrramrfactured arrd ur.rrraged to the stinditrds of

qualit\ appropriate for lheir irierded 1$e aDd a!

mardated b! th€ nurkel,nt aulhorizariorl

Th€ prnnan BrideL es of G\IP nrclude (orre(r

t,,(rirt\ aDJ erlurpnrc,rr deriglr 'r,1d (ourrntcrro,L.

oDgonB facilin aDd e$rip lent rDoritorurg,. and

cood pra(tices. t ch at good manufaciurrrg

prictrce,i (G\lfl ard good cltui.al Pra(ti.es (GCP).

depetd or laldaiion. Ihns. il i' a co rPooe r of the

s'stem for ensrrring phanrla.erltical qualit)' [2,3.17]

l alidation entails .enification a d ought to be rtsed

rhrolrghoul a t\ tlenr s. eqni Denl s. Prodt.r s

process . oL ethod ' 
Lfe

I'he g€Deril prir.iPles of q{alification .rd
\aldatio . at (ell as task, irke co rFnerued

rDerhodologies, Process

lndore lnsl iMte of Pharmacy.
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suitable dilutions with buffer, the absorbance was measurcd at 225 nm and the drug cont'nt was

calculated by the standard curve drawn. t9)
lercentage Iltoisture Loss: % moisture loss ol thc tilm was dctermined bv keeping the films in

desiccatoifor three days containinB silica gel and then rhc bcfore and afte' weight of thrce davs was

noted and moisture loss was evaluated (10)
o/o Moisrure Loss = (lnitialWeight - FinalWeightl , 100

lnitialWeight
fr-vitm Disintegration Testr The diaintegrarion of the film was conductcd bv puiting the iilm of every

tormulation in b;aker containing 25ml ol distilled water and the time was recorded when the nlm st:rts

break or disintegrates. (11)
In-vitro Dissol;tion Study: Dissolution study of film was carried out by using USIr type ll apparatus

having 300m1 of bufier soiution t6.8pH) rotated at s0 rpm and temperature maintained 3710 5"c The

soluti;n was withdrawn at every 15 sec and replace bv the tuesh solution, the withdrawn sample as

filtered ,nd then absorbance was recordcd ar 225nm.

Kinetic Studyr ln order to analyze kinetic release or drug release parameter the dala was lirted in

different orders zero-order, First'o.der and Higuchi model, Xorsnlever Peppas Nlodel' llixson mod€l'(12)

fn-yitm Permeation Releas€: /n /itro permeation release was conducted with the help oi Franz

;;ffusion cell, in which the cellophane membrane oi3cm was mountcd between the receptorund donor

compartment, reccptor compariment was nlled with 6.8 pH bulfer (37i0'2"C1 solution for maincining

dynamics magnetic bead was kept and the formutation (film) was mois(ened with samc.butter solution

,'"a ** rt"ra-- donor compa;ment. Alter a fixed interval oi time solution was wjthdrawn rronr the

recepior compartment and replsce by the 6.s pH buffcr. The o/o amounl ofdrLrg release or perme'ted was

deteimined by chccking absorbance in Uv spectrophotometry (13)

RESULTS AND DISCUSSION
Evaluation of Mouth Dissolving Film ofCvclizine Hvdrochloride

Thickness ofMDr
ii."-ii,i.l""'" "i,rr" 

nlm was measured with the help or vernrei calrper As the cur)'enrration or the

polymer increas" the tllckness of the film also rncrea(es gradually' The rhrcknesses ot Lhe formulations

;reransed from 0.03010.00057 to 0.047r 0.00057 as shown in table 3

Weight Variation
The-average weight of the lormulations was determined and was in the range ot 43'4!00s7 to

rhe FilTable 2.Physical Appeamnce ofthe q!!rt
0bservation

Color

odor
Shape Rectangular

84.210.057 and is shown in iable 3.

ble 3. Evaluation ofthickness, we variation, folding endurancc q!4rsqlfacqtl ol !!q

('Mean+sD)
weight
variatlon(ms)

FoldlnB
pll

0.032:0.001 43.4J0.057 40i1.15 7.0210.005

F2 0.03510.0011 47.5r0.057 5310,57 6,9510.01

F3 0.039r0.0011 53,7!01 62!4.57 6.9210.01

0.030r0.00057 59.410,057 6.8210.005

F5 0.032!o.oo1 66.4i0.152 8011.52 6.9010,015

0.04110.00057 71.810,057 a2!0.57 6.93j0.017

t7 0.04310,00057 78,5i0.',t15 83]1.0
6,

F8 0,047r0.00057 84.2i0.057 85r152

Ta

Values are represented as mean t SD and n = 3

FoldinB Endurance
il:,";i,#;;;;;;*". ,n the ranse or4011 1s to 8s1 1 s2' lt was obseryed that.with rhe in'rease.in the

concentration of the ses and henc. the chance of iilm rupiuring

"[$lr'
[r{rcipat
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MATERIALAND METHODS
Materials
Cyclizine hydrochloride was obtained as a gift sample from Tooba pharmaceurical priva!e Limrted, l\4tDC
Paithan, Aurangabad, lndia, Asparrame from Oxford L:b tine chem I_Lp, Llaharashtra, tndiai Cetatin from
I4erck Specialities Pvt. Ltd, Mumbai, pEG 400, Tween 80, Cirric acid, nhanot were supptied by
Lobachemiepvt. Ltd.Mumbai, Maharashtra, India.
Method to Prepare MDF
The most appropriate and .onvenienr merhod for rhe formatron ot tilm is sotvent casting method. In ihjs
method water soluble polymer was dissolved in water on magnetjc stirrer and rhe drug and orher
ingredients were dissolved in appropriare sotvent after dtssotving rhe soturions separarely both the
solutions were mixed aod stirred to get an homogenous soturion thenaiter.t€gassing, poured tie soturion
in petriplate,dry the filmssorhattheyare ready to cur in desired shapeand dimensrons. ia)

Table 1: Formulation of mouth d u loride
F1 F2 F3

Cyclizine Hvdrochloride lmsl 25 25 25 25 25 25 25 25
'7AA 754 800 850 900 950 r000 1050

PEG4q0l,!g) t0 90 90
'10 90

30 30 30 30 30 30 30 30
0.6 0.6 0.6 0.6
30 30 30 30 30 30 30 30

9 9
I I l I l l l I

Dose Calculations
Width ofthe plate - 8cm
Length ofthe plate = 1scnr
No. of3,2 cm'z films present whote ptare = 20
Each nlm contains 25mg ofdrug
20 no. ollilms contains mg ofdrug = 25x20

= S00 mg
Dvaluation ofMDF
Organoleptic Evaluationr The external appearance of film like rransparcncy, cotor, odor aod shape was
observed visually and recorded.
tolding Endurance: Folding endurance of rhe film was estimarod manualty by fotding rhe ntm
continuously from the-same position rill rhe films ger break. For cxperimenrat purposc the formutared
dosage form of 3t2 cm'zfilm was taken and lolded at a same point again and asaintilt ir breaks.(51
Thickness of Film: The thickn€ss of the nlor was measured by vern,er catrperu so rhal accurare thickness
ol the film was observed and recorded. The rhr(kness rs mea<ured by repeatlng.ihe process
approximrteiy 3 trmec rr drfferenr posrhons rnd get average thrcknes5 or rhe ri.
Weight Variationr For determ,ning the weight oa rhe individuat fitm 3-4 fitm of evcry tormularion wcre
wcigh by digitalweighing balance and average was recorded. (6)
Surlace pH: The pH of the lilm was tested by moistened the titnr with thc hetp of water and rhen rhe
electrode was kept iD contact with film lor 1 min and pH was recorded by observing on rhree film, the
mean was obtained. (71

Tensile Strength: Tensile strengrh olthe film is the tesi used ro dctermrne thar ar what maximum load
the fllm get break For rhis rhe film of 3xzcm'z was ptaced longitudinat between rhe grips ol rensite lester
and load at breakage was recorded.
Tensile strength = Load at Breakage x Strip Width

Strip Thickncss
Percentage Hongation: The 0/o elongation of the film was determin.d by dividing the rn.reasc in the
lenEth to the originalleDgrh.{8)
o/o Elo.ganon = lncrease in Length r 100

0riginalLength
Drug Content Uniformity: Drus Content
dissolved in 100 ml 6.8 pH

Unilormity: The film was transferred into a graduated flask,
flask was shaken continuously. The solution was til(ered alter

pr.$
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Formulation and Evaluation of Mouth Dissolving Film of Cyclizine
Hydrochloride

- E----Z--at-r
lJepartment ot Pharmaceutics, Indore tnslirute ofPfia ifcy,pthainblf Road,Opddiik lndran tnstirure ot

Management Rau, hdore, Madhya pradesh
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rhe oin oJ the present tesea*t.*o .* . r,,,,!*'lf"Yff* ,n .r,,n ,r^. , ,inihize the cu enr ond tuture
prcblens ofengulfw the orul dasoge forn like tob tets, .opsules and le$ panent conptiance 5pecially ol pediatic ond
gendtic Therehre, to olr'etcome the problems like dysphogio, bedd(tden ond conotose potient aia ii inprove the
bioovailability ol the drug mouth dissolving lln con be a beuer option. The preporation of nouth dissotljni lln ||os
carried our by sinple nethod thot wos solvent casttng nethod, the honageneit! and the thickness oI he lln oiioiAed by
this nethod w6 good. The lln wos t*ted lor thicknes, surldce pH, weight vonation, lolding e;durance, % noisture
lost o( vieo petneation stutl!, rensile stength, % elongation, dr4q content unifo.nirJ, in-vitro dissolution studies and in-
uitro disintqrotion .esr The bat fornulorion was F4 as it rcleoses 99.17% oldrtg in 2 ninutes, the druA rcleose of the
best lornulotion (F4) lollowed zero-uder kinetics ond the Cofrelotion Caelfcient R, was A9%ord ex-vivo perneotion
study ol F4 Iomulation shd"ed a drug release ol 87.52% within 2 minutes The stu.lt reveals thot the tormulation can be
very useful lor the nea.ment ol the diseose which rcqun* quick-onser ol acion.
Keywords: Mouth Disoll/ihA Film, Notu1l Polyner, Solvent.Casting Method, Cyclizire Hydrochloride, Orol Mucosol
Absorptior.

&qYe4!q2q1 licvNed 17.04.2024 Ac!!-p!.c-qlrulqQf1
Howtocitethisarticle:

xyjrochloride. Adv. Biorcs. Vol 15

Sakshi B, Nadeem A F, Nayany S Evaluatjon of Mouth Drssolving Film ol Cy.lizrne, Nimita M Formulation and
I4l luly 2024. 7 2-7A

INTRODUCTION
The.ommon pharmaceutical dosage form like tablets, capsul., syrup are m:ximalty Dsed in marker ro
deliver the dosc and give therapeutic effect bur rhe geriarric, pediarric and dysphagia parients havc
choking and swallowing problem so to overcome this problems mouth dissotvins oral film are formed.
Mouth dissolving oral nlm is the novel approach ro deliver the dose in appropriare manner to enhance
activity and makrng more convenient, they can be manufactured by different types oi techrologies t,ke:
solvent casting method, hot melt extrusion, semisolid casting merhod, rolling method and solid dispersion
extrusion. The major advancem€nt of this system is no requircment of warer, painless and ran be
administered byourselves (1). MDF[MouthDissolv,ngFilm)bypassthehepatictircrpassmetabolismso
there is no or less chance of d.uB degradarion and increase rhe bjoavaitabitity ot rhe dru& lhc drug
incorporated jn iIDF is used in less amount therefore it reduces thc side-effects. This dosaee fonn is rhe
best option for the diseases which requires qujck on set of acrion tiker high blood pressur., cardia.
problems, allergjc condition, shortness oi brearh, nausea, epilepsy, lor comatosc pahenrs, accidentat
patients and in various disease or conditions in which patienrs are Lrnable to engutf rhe rabtets or pills or
any qlher dosagc fo.nrs(2).MDF are the dosage form which ger adher.,lo the surlace oforal mucosal tayer
and delivering the drug through polymeric layer achieved a grearer success in lhe tield oi phamaceuricat
science. When the films are placed on tongue jt releases the activc pharmaceuricai rngrcdienrs as soon as
it get6 hydratcd by saliva. Firsr MDF was Lisrerine and Piizer was the first company who manutactured ir
ior mouth fresheningpurpose[3).
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Conclusio'l
In conclusion, this study successfully formulaled and oplimized a Tablelin-Capsule conlainins

sodium bicarbonale and pantoprazole sodium using resPonse surlace methodology' spccilically the

Box-Behnken Design. to enhance lhe performance of pantoprazole sodium mini_lablets' The precise

detennination of the sodium bicarbonate dose Yia Digital pH leter measuremenls ensured accuratc

control over the alkalizing capacity of the lbrmulalion Utilizing a desirability plo!' a highly desirable

D value of 0.995 confirmed the etTcctivencss of the oplimized fonrulation' Evalualion of the

formulation revealerl excellent characterislics. inclutling apPropriate thickness. rninimal weight

variation, sarisfactory hardness. and minimal friabilily. crucial for tablct irllcgrily and patient

compliance. MoreoYer. the formulalion achieved a disinlegralion lime of 5 5 minules and 99 ll%

drug release wilhin 50 minutes, indicating robusl performance in drug delivcry' This comprehensivc

app"roactr trightigttrs the potential of Table!'in_Capsule technology to improve thc lherapeutic

o*.ora. oipun,oprurole sodium, offering promising avenues for enhanced patienr treatmenl and

compliance in managing gaslroesophageal reflux disease'
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Angle ofrepose Good

Carr's index 20+2 Fair

Hausner's ratio 1.25+0.25 Fair

Pawan Patel./ Afr.J.Bio.Sc. 6(9) (2024) 483'497

DRUC REI,EASE OT PI]NTOPRAZOI,I] Nl I N I.TA BI-F,T

120

100

80

60

40

20

o

5

Dissolution Profile

The kinetic

0.989 whi

I
A

Page 493 of l3

PrrnYipal
Ittdore Inslitute of Pharmacy,

INDORE (M.P)

t0 15 20 25 30 15 40

I l\tll (\ll\t I l.ls)

55

revealed that release data of optimized formula showed r'value of

N*:::m:1ffi\"',ows 
zero order kioe.'M:'"

50

PARAN{ETER RESULTS

Thickness 3.65,t0.l0 mm

Hardness 6.9+0.70 kg/cmr

Wcight variation 195.71*4.8,ng

friability 0.5110.02%

Disintegration 5.5r:0.15 min

In-vitro drug releasc 99.1 l+0.l5 %
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Figure 04: All factor interaction for desirability

Preparation of Pantoprazole sodium tablets
Prc-cotfiprcssion and post-comprcssiofi pararnelefi: Powder blend of mini{ablct is

evaluated lbr pre-compression parameters. Obtained results were comparcd with standard

values to confirm the flow charactcristics. Fo.mulation blend of tablet shows the Hausner's

ratio of 1.25 and Carr's index as 200%. The maximum angle ol repose was lound lo be 32.8€).

All these results confirm the good to fair flow property. Prepared mini-rablel lormulations
$,ere found to be flat. oval with thickncss in the range of 3.65 lnm. Hardncss and thickncss

for mini-tablet was maintained as 6.9 kg/cmr and 3.65mm. Weight variation lbr mini-tablet
was lound to be within the acceptable rangc i.e., l95.7lmg. Perccntagc friability lor mini-
lable! is 0.51% which shows good rnechanical strcngth. Dcsircd lormulation was sclectcd on

thc basis of disintcgration profrle and according to global desirabilily lirnclion. l)rug rclcasc

protlle ofthe optimized formulation was ibund to be 99.1 l%.

PARAMETER RESU IJS FI,OW CHARACTERIS'IICS

Bulk densitv
/4 il36+0.021

r^pp..f-fffi{
ffi/+s*oz A

3i
?,,

\) ' ,,,$^,,,
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conclusion, formulation with Croscarmellose concentration of gmg, MCC concentration of 23 mg
and DCP concenrration of 25mg and total tabler weight of 200 mg, can accomplish the
prerequisites of optimum formulation and the use of such combination will achieve cDH at 5.5
min which matches with the optimized result.

a Derign Ponts
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ANOVA results (Table 4) reinforce the model's reliability, with a significant Model F-value ol'

215.13 and a non-significant Lack of Fit value, indicating the model's adequacy in rcpresenling

the data. Polynomial equations, derived lrom multiplc regrcssion anatysis' enable the estimation of

variable effects on selected responses, with significant factors determincd by p-values lcss than

0.0500. ( l6)

ln panicular, Responsc I is significanlly influcnced by both the antagonistic effect ol factorc A and

B (p < 0.001) ani the synergistic effect of the interaction term AB and thc polynomial term ol A

lwith p-ralues of 0.0007 and 0.0012, respectively) Notably' factor B exhibits the highest

magnitude bf impact on Response I among all significant factors Table 4: Disintegration

Pawan Patel./ Afr.J Bio Sc 6(9) (2024) 483-497

straight line, they affirm the accuracy of the quadratic modelling'

Final Equations in Terms of Coded Factors

lsoq69 + -1.05?25 * A + -0.00666205 * B + -0.llll99 * C + -0.00508772 * AB + -

INDORE (M.P;

Pagc 490 ol l3

for evcry rcsPonse lhen the Global

I was largeted to 5.5 min. On basis

a D value of 0.995 (fig. 3). ltr

Factor coding is Coded.

Sum ofsquares is TYPe lll - Partial

rle Moael F-value of 90.76 suggests that the model is highly significant The probability of such a

large F-value occurring due to noise is only 0'01% (17)

P-Jalues less than 0.0500 indicate that model terms are significant' implying their influence on thc

response. In this case, factots A, B, C, AB, B':, and C':are all lound to be signillcanl model temrs'

-onu"r.aty, 
values greater than 0.1000 suggest thal thc model tetms Iack signillcancc

Additionaily, a polynomial eqllation can be employed to predict the response at any given level ol

the factor Utilizing response surlace methodology enables the elucidation and analysis of thc

effecrs of factors on selected responses Visual representalions such as contoLLr plots an<l 3-

dimcnsional (l-D) response surfacc graphs (RSG) provide a clear illuslration of calculatcd responscs

0.00l.rloo7 *-Ac 4.q-07bc-05 * B( '.,
0.00r/al6l *c'2r ll

E( , .,)'lt
.,\{}n, n".,Aiiil/rv puNcrroN

O.02sq2t9 * A'2, 0.000851031 *B26

Pnn"(Xt/lYsar'$A\ ''oo'",11;l:*:W,:""".n

optilrization offte process can be done by goal

desirability function (D) was applied simultaneously Response

of these criteria, the desirability plot was generated with 141
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was assured that pH should not shift too much alkaline lhat it impacts the digesrion process.

B(L BI'TfI]R \'S.IRIITICIIL CASTRI( J( (f

Figure 0l: pH profile oI the formulation.
Optimization data analysis and validation ofOptimization modell

Box-Behnken design was used to study the optimal levels of independent variables. As shown in
Table l, a total of l7 anticipated runs were observed. The sequential model sum ofsquarcs [Typc III]
confirms the highest fit Statistics. The Predictcd R' of 0.9582 is in reasonable agreement with
the Adjusted Rz of0.9806; i.e. the difference is less than 0.2.

The sequential p value for the Quadratic model was found to be 0.0018, which is below thc lcvcl ol

signilicance (< 0.001). The Predicted R': o10.9582 is in reasonable agreement widl the Adjusted R?

of0.9806; i.e. the diffe.ence is less than 0.2. Fig.02.

rc 02: Dr rofiles of Mini tablet lbrmulations
n, as assessed by the signal-to-noise ratio, is essential for ensuring model

reliab-iry'A ratio exceeding 4 is considered desirable, and our ratio of31.880 indicates a robust

signal, underscoring the model's efficacy for navigating the design space (refer to Table 2). Thc

quadratic model, characterized by a precision ratio of 31.8578, signifies satisfactory signal strength

for exploration within the design space. This is funher bolstered by a relatively low coeficient of
variation (CV) of 2.42o/o. Although studentized results displayed slight deviation from the

IT

"h)***ffi!:IY:

I
I

I
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from the batch are sampled, and their average thickness is calculated Acceptable thickness t'alls

within 15yo variation ofthe standard value (14)

Friability Test

The lriability test, conducted wilh a lriabilator'

from each batch are weighed individually (Wt'

in the friabilator. Subsequently, the tablets are

(F) is calculated using a specified formula'

.onaiiion. te samples were filteyLii!:teffapp

for Fantoprazole sodium ar 2as7(,f!-1.. }}/

nresenls resull\ as a lcrcenlagc loo)' fwcnlv lablcls

lnilial) and subJectc,l lo 100 rerolutions at 25 rprn

reweighed (wt. Final), and the percentage friability

Weight Variation Test

The weight-variation test selects twenty tablets fiom the lot' weighs each to find the average weight'

""0 
a"iirt",a. thc percent deviation from this average Acceptable weight ranges' as pcr

pharmacopeial standards, determine maximum and minimum allowablc wcights for thc tablets Thc

iui"t pu.r", if no.ore than 2 tablels exceed the specified limit'

Drug Content UniformitY
Drue content unifomlity ensures thar each unit dose of a drug product contains the correct amount of active

;ilil;J;;;;;i, to'ii *"n' """'"ii' "** Rindomrv selcct 30 tabrcts rrom rhe barch ror

testing. Out ofwhich l0 tablets were assayed individually'

The batch is considered to pass the lest tf I oul of l0 tablets contain not less than 8570 and not more than

I I 5% of the labelled drug conrent, and thi iOif iuUt"t tnutt ut'o 
"ontain 

nol lcss than 7 570 and not rnore than

125% of the labelled drug 
"""r""r. 

sr,"r,a ,t"r"1"naitions not be met, the remaining 20 tablets are assayed

individually. and none may lall oulside ofthe 85%-l l5% rangc'

Blil[ffi::';':;t-as carried out usins disintegration test apparatus lt. assesses the time takerl

;o;;'d-o.s;r;;; to break down into tmille' pu'ti"i"s or disintegratc into its individual componcnts

*t* 
"*po"."O 

,o 
" 

.pecified medium under standard conditions'

Randomly 6 tablets were selected tiom the batch for testing in water as disintegration mcdium at 37

, 0.5 "C and recorded the tirna trt"n fo, each unit to completely disintegrate Compare thc

observed disintegration times of tnc dosage uniis to the pharmacopeial standards lf all units mcet

the specified disintegration time' the batch passes the test'

ln-vitro drug release studies

In vitro drug release studies of ihe tbrmulation were conducted in 900 rnl of 6 8 phosphate buft'er

as the dissolution media using a usv tvpe r dissolurion "pl":tt, 
Tf t 

-1T:i::':,:: :l'J::ti :l
i'o'ff'XT'fi;;";il;;;:;"ng the disylurron ':': ':ifl:' 

we'e withdrawn at

,noroo.iut" time inrerval una '"pt*ta 
*Iti tq-u iiut2x/uotu '.of 

fresh medium to mainrain sink

' :' "'"' {irrar'rl '""'l "rrit"fl'ffiEa 
lhen analysed speclropholometrically

,r#*
Results and Discussion ll3
ffil',..1i"*lJ,Tl.,,""l'[!?lui;r,"r*,+"W/,tc'ndo",'{J[ti:lli:l
Sodium bicarbonate was taken dl'@ ing 300mg to 800mg in HCI bufler and artificial ea1t11c
sodium brcarbonate was tdr(srt d*lEg$"Flir'i" 

"t"t;'"''" 
acidity within the stomach' potentially

juicc. The objective was to assess its . . . r.., .rr.rino nH levels from acichc

',:,lll,iil',"""ff ';:i"'ffi ". ;:;':;Jil' q:: "tli"::::":1, i:lT: L:'1":i lX:""ili[
f:'#,',i:iffi ffl :'H.':il;,il; ;, ;;';"":':::l ::,:::-'.::: :1fl :" ]iJ''

/6>

HI T

.\\

t""d

:t'ifi'J:":ffiil1[ ,;'":il;;;"';; ';' 
'' n""i'*" I while serecting the optimum dose it143
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rs.0g69 + -1.05725 * A + -0.00666205 * B + -0.llll99 * c
0.00191667 * AC + 4.97076e-05 * BC + 0.0299219 * L"2

0.00137361 * C"2

BLrlk density is crucial

uniformily. compression

etficiency.

Tapped D€nsity
Tapped density in tablet manufacturing ensures

consislent tablet hardness.

Angle of Repose

Angle of repose in tablet manufacturing determines powder

manufacturing processes such as blcnding' filling. and compaclion'

Carr's lnder

comply with regulatory standards.( l3)

Hardness Test

The tablets prepared

results were express

Page 487 of l3

-0.00508772 'i AB + -

0.000851031 * 8"2 +
+

Where, A:CROSS, B: MCC, C:DCP

Evaluation
Pre-Compression Parameters
The flow characterislics of powders play a crucial role and are vital for optimizing tabletting efficiency'

Emcienttablcttingreliesongoodpowderflowforeffcctivemixingandunitbrmlable|weighl,Common
flow properly measurements, such as Bulk Densily, Tapped Densily, Conlpressibility lndex' Hausner's

Ratio. and Angle of Repose, inform ihe seleclion of compression techniques by assessing material flo$

characteristics. The flow propeny measuremenls o, drug and blcnd, guides the seleclion of compression

mefiod based on the flow characleristics ofmaterials.(12)

Bulk Density
in tablet nranufacturing as it influences blend homogeneity tablet weight

behaviour. ublel hardncss. drsinlcgralion' dissolulion, and manufacturing

optimal powder compaction, Llniform tablel weighl, and

flow properties and influences

Car\ index in lablet manufacturillg assesses powder comprcssibility' aiding in formulation

optimization and ensuring consistenl tablet quality

Hausner's Ratio
Hausner's ratio in tablet manufacturing evaluates powder flowability' indicating potential

processing challenges and affecting tablet compression ellciency'

POST-COMPRESSION PARAMETERS

PosFcompression parameters such as hardness' thickness' wcight variation' friabilily'

disintegrarion time, and dissolution rate are vital for ensuring the quality cfficacy' and safety ol

pharmaceutical tablets. These parameters direclly influence the tablet's strength' unilbrmity'

durabi-lity, and drug release propertics, crucial lor its perlbrmance in treating patients Hencc'

meticulous control and monitoring ofthese parameters are cssential to uphold product quality and

ing

t',
a monsanto l,u,dn$yrr",- 

"n.t
A#cipal

lndore lnstilute of Pharfilt''
INDORE IMP)Thickness Test

Thickness is measured e tablet diamelcr s or vemier calliper.Twenty tablets144



Units
sublyp Minimu coded coded

High

srd.
Dev.

CROSS Mg
Numeri Continu

2.00 10.00
,1 (:)
200

+1e
10.00

6.00 2.43

B MCC Mg
c

Continu
23.00 80.00

"1e
23.00

+1e
80 00

51.50 20.15

c DCP Mg
Numeri Continu

25.00 85.00
'10
25.00

+1e
85.00

55 00 77 27
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Tablc:2 Eiperimental run Projcct:

Page 486 of l3

Response'l
Disintegration

min

Factor 1

A:CROSS

Factor 2

BrMcc

*l
''-l

-i
-l
I,l

L

l-l

17

15

1

9

6

14

16

5

7

2

12

11

10

4

8

3

13

1

2

3

4

5

6

7

I
9

10

11

12

13

14
'15

16

17

6

6

2

6

10

6

6

2

2

10

6

6

6

10

10

2

6

51.5

51.5

23

23

51 5

51.5

51.5

51.5

5',1.5

23

80

23

BO

BO

51.5

80

51.5

55

55

25

25

55

55

25

85

55

85

85

25

55

85

5s

55

8.12

11

7.38

4.63

7.12

1.12

. 12.16

14.7

3.4

'12

9.23

9.98

5.62

5.9s

15.54

8.12

Table 3: Fit Statistics:

of?harmacy,

Std._Dev. 0.47 27 0.9915

Mean 8.85 A.drusted R' 0.9806

cv.% 15,34
Predicted R' 0.9582

ffi,/ 7@!(eo Precision 31.8803

IN
*lnc!"1

lndore InstittrtC off har

TNDORE (M.P)

Quadratic Co cd llquxliorl:
r;

R

,^

IEEF)
"d#i

t\
l?

//
" !N-i:-^\\'.1

Factor 3

CrDCP

m9
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Estimation ofAlkalizing Power of Sodium Bicarbonate

The study determined the acid-neutralizing capacity of sodium bicarbonate within a dosage

range oI300-800rrg, alkalizing capaqity within this range was investigated using a digital pH

meter for one hour and lhe investigation was conducted in two media: HCI buffer and

artificial gastric juice.( l0)

Formulation Deyelopment of Pantoprazole Sodium Mini-Tablets

The mini-tablets wcre fabricated using the direct compression method using Croscamrellosc

sodium used as a Disintegrating agent, Microcrystalline cellulose used as binder Mannitol &

Dicalcium Phosphate used as a filler Magnesium stearate used as a glidant and talc uscd as a

lubricant.

An ideal mixture was directly punched into lablets weighing about 200 mg containing 40 mg

ol pantoprazolc sodium sesquihydrate, using rotary tablel compression machine using 5 6

mm diamcter concave punches. The different batches of pantoprazole tablgts were collccted

al1d stored in air tight containers.

Optimization of Mini Tablet:

Three lbrmulation factors, namely CROSS (Croscarmellose sodium), MCC (Microcrystalline

cellulose), and DCP (Dicalciuln Phosphate), exerted significant influencc on powdcr

flowability, compressibility, and consequently, the chamcteristics of compresscd tablets via

direct compression. Table I outlines the levels ior each variable determined in preliminary

studies. Disintegration time (DT), cited in Table 2, servod as the selected rcsponse variable'

A five-levcl three-laclor BB experinental design assessed the impacl of chosen independcnt

variables on enhancing flowability, compressibility, chamclerizing drr.rg release, and

optimizing procedures.

This design enables cxploration of quadratic response surfaccs and construction of second-

order polynomial models, facititating process optimizalion with minimal experimcntal runs

ln thc three-levcl three-factor BB cxperimental design, l7 cxperimcnlal runs wcrc conductcd'

as indicated in Table 2. 'Iablets were assessed lbr physiochemical properties, with

disintegration lime (DT) measured as the response variable. Polynomial regression equations

were derived and tested for significance. Subsequently, the process was optimized to

dctermine lcvels ofA. B, and C that yicld optimalY values undcr consiraincd conditions'

To confirm thesc values. a new formulation was created lollowing lhe anticipatcd levels ofA'

B, and C. Subsequently, tablets were manufacturcd based on the optimized lalues and

comparcd with the predicted values, as illustrated in Tablc 3. (1 l)

lndore lnsliltrtc of PharmacY'

INDORE {M.P)
iffi

Table l: Comp
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Introduction

Page 484 of13

Laboratorie6*$I$Mi/fd'" Zf'JN . //

The oral route of drug administration plays a crucial role in tdrre 'iei:r er-r as it is the

most common and natural form of drug delivery offering nrrEGs E t''ils including

convenicnce, patient-centered care, and cost-effectivencss' making it a preferrcd choicc for a

diverse array ol therapeutic interventions.( I ) Oral drug delivcry stands oul as thc most

favored and prefened approach for administering therapeutic agents to achieve systemic

effe,lts. Tablets and capsules are solid dosa8e lorms commonly used for drug delivery' They

ofler convenience, precise dosing, and easy administration' 'Iablets are compressed powders

or granules, while capsules consist olgclatin shclls enclosing drug lormulations Both tablets

and capsuleB arc available in various sizes, shapes, and folmulations to accommodate divcrsc

therapeutic needs.(2) Tablet-il-Capsule, a novel approach that combines the advantages of

both tablct and capsulc dosage forms. This amalgamation offers precise dosing' easc ol

administration, and improved drug stability Castrointestinal (GIT) diseases encompass a

range ol'conditions affecting the digestive tract (3)

Common gast.ointestinal conditions encompass GERD (Gastroesophageal Rellux Discase)'

peptic ulcer disease, IBD (lnflammatory Bowel Disease), IBS (initable bowel syndrome)'

gastroenteritis, and more

Prolon pump inhibitors (PPIs) arc qommonly used lo treat such gastric condilions by

inhibili;g th; prolon pump enzyme in the stomach lining, which is responsible for producing

acid.(4) By reducing acid produclion, PPIs help to relieve symptoms and promole healing ol'

gurtri" 
"ondition.. 

But the acidic environmcnt in stomach, leads to dcgradation of the drug

irolesules of PPI's. To mitigate the degradation of PPls and ensure their eti'icacy' tablet-in-

capsulc technology is efirployed (5) So, the current frontier in PPI therapy is immediate-

release nTini-tablet of Pantoprazole sodium combined with Sodium bicarbonatc lcting as

buffering agent which prevents the degradation ol drug by neutralizing the PH of stomach

before absorptior and protect the drug from low pH (6)

Computer-aided modelling:

The mathematical relationship, exprcssed as a polynomial equation and visualized using the

Box-Behnken design. was plotted to represent the measured responses This was achievcd

using the statistical package ofDesiSn Expefi Vl3 (7)

Box-Behnken ExPerimental Design

For the optimization of mini tablet' three indepcndent variables represcnting dillcrenl

concentrations ofexcipients were utilized. Design Expen 13, specifically employing the Box-

Behnken design, facilitated this optimization process Each numeric faclor was set lo thtec

levels, allowing lor a comprehensivc exploration of the design spacc' Thc Box-Behnkcn

design was duplicated for every combination of the categorical factor levels' ensuring

thorough coverage of the parameter space'(8'9)

MATERIALS AND METHOD
Mat€rials

PantoDrazolesodiumwasqbtainedassamplefromlPCALabs'Pithampur,Indore,
Cro""u-"f fot.-p*i"uq,und/ric19 crystalli92ffi was obtained from Sisco Research

*iilr;@t'ffi .*xffi -iiltt;^?r:1il* 
m;:\_--/it \ry r,ao...rn,HllTiir,u-""y..s-{.::z tNDoRE rM.P.)
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ABSTR{CT
Objective: This study aimcd to formulate and optimize a Tablel_in-Capsule conlaininB

sodium bicarbonale and pantoprazole sodium using responsc surlhce melhodology to

opllrnrze pantoprazole.odium minirablEl..

Methodsi Mini-lablets were prepared vra thc direcl comprcssion method. ulilizirrg

Croscarmcllose sodium as a disintegrating agent. Microcrystalline cellulose as a

binder, Mannitol & Dicatcium Phosphate as fillers. Magnesium stearate was used as

a glidanl and lalc as a lubricanl.

Results: The sodium bicarbonate dose was determincd via Digilal pH lnclcr

measuremcnts lbr one houi Mini{ablcl fonnulation aimed for a disinlegralion timc ol'

5.5 minutes. Subsequently, a desirability plot yielded a D value of 0.995. Ihc

optimized formulation was evalualed lbr thickness (3 65+0.lomm), weight varialion

(195.71+4.8 mg). hardncss (6.9+0.70 kg/cm2), friability (0.51+0 029/0), disintcgmti"n

(5.5+0.15 min), and dissolution(99.1 110.15%).

ConclusioIl: A fonnulation containing sodium bicarbonate (400mg) and pantopraTole

sodium miDi{ablels wilh concenlrations of panloprazole sodium (40mg) Croscannellose

sodium (8mg), Dicalcium Phosphale (25mg), Microcryslallinc cellulose (23n9)

,Mannitol (98mg) talc (2mg) magncsium slearatc (4mg) \\'ilh a tolttl tablel wcighi ol

200 mg, met the prerequisites of optimum tbnnulalion. This conrbinalion yielded a

disinlegration lime of 5.5 minules and 99.1Io/o drug rclease in 50 minutcs' aligninS with

the optimized resull.

RDS: Pcnloprdzolc .odium. soJrum bicarhunatc. tablcr-inf-'\n'ulc.*'p'';6ffi #r,
RX
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thJl rh"eraluJred modeipertoms so,s, rhJn lrd\etinr

12e million (121-116) in 2021. terrilirv .aies deciioed in all.ounrries and terriroiiel 
"i,,." 

pso, *trt i nn ."m"ini,n n
above 2 l<anoni(allv (onsidered replacemenr-terel rerririrv-in 94 {46.1%) counrries ana renitqies in zou r. ftii 1^\
itrluded 44 of46 coutrrri€s in sub.saharan Africa, whi.t 

"as 
rt'" 

"upe,-,"gion "irh 
rhe rarg€st share ofrilEr,r,ir,. /Yv z**i**i ,,m#ffir'r""

Findingr Dlring th€ period from 19t0 ro 202t, global TFR mo.e lhan halved, from 4.64 {9t% Ut 4.63-5.06) to

?,ll !l:o*-r_]8'l:^91.Y-annut. livebirrls p€aled ir 2016 ar r42 miuion losz ur il:_r+4. a-rini,s ro

)-\ lArlrr. /o
?>-_-1t*.'.,"^."'..-,,\":;
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onlv sir (2'9%)in 2100, with rhree ofthese six (ounrries in(ruded in rhe 2021worrd Banrr-de6ned low-in(orne group,
alllocated in the cBDsuper-resionofsub-saher.nAfrica. The proponion oftivebinhs ft.urinB in sut-saha.an Afri..
was for(asl to increse to more th.n half of rhe wo.td,s tivetirrtrs in zroO, to +t.:Z 1U". O-.r:. r1 i, ZOSO 

"na14.1% 147 r-r9.5) in 2100. The sh.re oflirebirths was proje.ted ro dectine berween 2021 aod 2100 io mosr or the
sn o s super-regions--iecreasing, foi eEmple, in sou th Asta ftom 24 .aoA lla .7-zs . 8) in z0z1 lo 16 . 7% (14 . l_19 . 1)
in 20 t0 and 7 1% 14 

. 4-10 . 1) in 2100-bur was forecast ro inc.ease modestty in the ,orit em., ,na u;aat ru"r , ni
high.in.ome superregions. forecasr estimates for the atternarive combined scenario suggest rhat meeling SDC
targets for educarion and (ontraceprive mer need, as wel as imptemenring pro"natat poticili would resutr in glol,al
TIRs_of1.65 (1 40-1.92) in 2050 and 1.62 (1.35-1.9, in 2100. Tte for;.;sring ski metri. values for thr IHME
model were positiveacross rllagesroups, indicating rhar the modetis bener lhanihe constant predicrion.

rnte.prctation Fenilirv is declining gloMlly, with rates in more rhan hatfofa (ounrries and terirories in 202r belos
replacement level. Trends since 2000 show considerabt€ heterogeneity in the slerpness ofd€.lines, and only a sma
numbs of countnB exp€rienced even a slishr f€rtiliry rebounJafr€r rheir towest obseoed rare, wnh none;.r(hrng
replacement leyel. Additionally, the distriburion oflivebiflhs across the glot! is shifting, wirh a greal€r proportion
occuritrg in the lowest.in.ome (ountries. ruhrre f€rrilitr rates wil coutnr;e to d..lin" ,oita*iau ,"a *itt,"."in to.
even undd succssful implemeDtlrion of prenarat poticies. These chanses will have farrea.hing economi. and
so.ielil (onsequerres due to ageinS populetions and delining workfor.es in higherincome counrries, combined
wilh an in.reasing share of liv€binhs .mong the already pooresiregions of the woild.

runding Bill & M€liDda Cares Fouadarion.

copyright @ 2024 The Aurhorls). published by Elsevi€r

lntrodudion
Charaderisng trends in key demographrc indicrtors of
lertility and piojedins eslihrare\ inro th. future are
, .u, ,l _o J,-p,.rrnd l, ,..or.. o. .r"ng ng bir-h
ratts o! social. economic. and gcopolitical systehs, both
now and in lhc coming cenrury. Dynlmics ir lcrrilrtr
patterns are centralto the Bell established conceptofthe
demographic tra.sitjon. ? which classically holds that
societies *i]l passage from a conditior of high fertlliry
and high mortalitywith morc young than old people toa
shte of low lertitity and los monality with an
rncreasirgly older poplrlation. Sonre theorists have
proposed the concept of a demographic dilidend
trhereby declining tertility rates lead temporarjj) to
higher proportions of working aduLts available ro
8-nerarF,.\ourLE, and.JprJl porenliallv {rruldrrng
economic giowth and eventurl rebounds in lerrilirl
rates.' Dcnogrrphic data in the 5 ),orrs preceding 2o2l
demonstrrte th.r the tolal ferrlliry rrr. (TFR) in somc
(ountries has fallen below .rplaccment levels rhe
nrjnimu rat. nNessary lor gen.rational repla.e.re.r
of the populatio. assummg no migratton-with no
evidence of this pr€dicted rebound.' The replaceme.r
Irvel is Cenerully accepted to bc a TtR otal leasr 2.1,
although the true replacemenr level depends on rhe
specific mortaliq_ rate and sex rario ar bilth u, J
population.' Low ievels offertill,)- have the porenrial over
tiDre lo result rn invened population pyramids hth

Lld. This is an Open Ac(ess arlicle under the CC By .1.0

ahei patterns of lesource !se. Accurare estimates and
luture lbrccasts ot linilrty rates a|d lheir irDpacr ori
population age struchrres are therefore essential to
a.n.ipale potcnnal econonric and g.opohh(al
tun*!uen.esand to lnform rhe devclopment ofe lle.tivc
health, environmental, and ccononri. potioes

Ai prescnt, an important source of fuitilit, estimarcs
and future forecasts for countries and ,reas tlroughour
the world has been the Population Divisio. of the UN
Departmenl of Econonric and Social AIIairs, which
hosl recently produced the 2022 Rcvision of woild
Population Prospects IWPP 2022).'The UN Popularion
Drvrsion estimat.s of past lertility are not complianr
sith the Cuidelir.s on Accurate and Transparent
HeJl,h Er.mares Repo.'nE (CATHTR, ,rJremp.. ,r
important respects; noubly. they do not provide all
code lor st.tistical mod.ls or dxplicit deraiis on .r:trria
for exclusron or !diustnrent oi prin)ar) data sources.
r, 'l.rn'or. rhr \,lior \ .l '\ lop". ,1 D!...o..
o,u,.ron.l ": r'cn qu,r on.J du, r"r1, ".. "n pr, r,.
.ppl. J rr .":, .r.,rp.n,r., ,iE l. r I',.r.lr4r'...,!,'
1,.,,.1r. droppinC L.l-\ rcpj"t,, ,.,.r 1,,^l Pr..,oL.
UN Populalion Division forecasls ha!. assumed rhrt,
rD sudr circumstances tertility ratcs will in.rcase
towaids replacemenr levels, and WPP
convergence lo a rare thar is a combinati
specilic historical rates and rhe mea
fertility countries thai have exper

nLrmbers ol older people and increases.'' The wPP 2022 proiects
populations. These changes a R elen in countries that hale shown

addirionl|\61t1 Itn{irprieoSS
INDdRE (tvl"P.)

g burdens on health care

*wrheai.dron vor40t Mry 13, ro:4

labour and consuft€r
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Eviden@bEforethisrtudy judgehent, GBD fenitty forccsting meihodsaregrolnded n
s m@ the 1950s globa and nat onal est'ma res and p,oj(tion, existinq, ea worrd evid;nce about f;^it ry patrems in tong_
otlevre 

'ilLtv 
ndi.aLo6 have bee. produled and ,egurarrv te.m.ohortsofremaesandndaraonrera&devidenccbared

updatedbvrhePopuationDivi5ionofiheuNDepartmentof .ovaiatersu.ha5edu.aronand.onrraceptioncBD2o2lhas
E(onomic and 90(ia AfIa 6, with rhe most recent iteration furthe.mprovedthee(maro.ofpsr,.;.nt,andiuture
be n9 the 2022_Reviso. otwo. d poputation prospects. tertitityiniourihportantways Firsi, an add lionat 147 eryeys,
Asessmentr of fert tity:t nationat and subn.t onal evets 21 ensurs, afd 634 cou.t; ,e.s or 

",t" 
_a unp 

"wo.ldwide hare a 50 betr cond!(ed by the Us Censu, Burea! regrtration aata were aaajror enimation of pan rerti rrys..ethel95os,wthenimatesr€portedintheBureaut rrendr. second, smoothing parameteE torentmaring past
lnt€rnar onal Databare Morere.e.irr,ferririrrestrharesa.d fe.rirt,rre.dswereupdat;robetterfrtavairabedara.Thnd,to
prote(iofihavebeengeneraredbyrheWttqe.stenCentrefor fudher hprovesp(6.ityanda..uacyoffuureieni ryDefrographv and G oba HumaicapirarandbvtheGrobar po].dioni, two addit o.;rcova. ate5;re in.ruded rhat
Burdenol0seas5,lnluries, dRtskFacto6study(CBD), &rountrorubankity(dennedherea5poputationdensttyin
an ongo,ng, hqejcte rese ch en te.prise th a r syste matica y habitab e ea, and unds.s mortality li ihe CCF5o moder
analrsetwondw de datato a$ess9 obatheatth trends past Foufth, weadded a pro natatalr.rnat;elen toto hetp po i.y
estimate5offerti rv have bee. produced as pa ofGBDsince make6pran nteruenrionsinco!ntierwithferfl[yratesberow
20lzandfutureloreostsbasedoncBD6ndingrwere6ut repra.emeftreve. sasedo. askir meti.deigned toevarlate
published n2o2o. Iore(a,ting ac(urary, the nodo prcsertea tur"c perrormed bener

added valu€ ol this study ero$al agegrouPs.omParedwrha(onstantprediclion

Oltheexst.gargenaleeffonstoenimatewordwdeirends tmplicationsofa[thenvaitabte€vid.n.e
nfertiltv,onlvGBDanalvsesare.omptantwiththe6uidetiner ourpasre5tmatesa.dlur!.eforeGnsindi(atethatferti ty
onAc.uratemdTdNp st Hatrh Estimates Reporting raresarede(tiningeve.ywhereandareprojecredtoco.tinuero
(GATHER) 5tatement rfis nudy d$ i..oaorates seve,at deaede ovs th;comi;g @nrury By 2100. we en mare thatmpoftantinnovatio.srn'oducedbythe6BDpopuraton iertiritv Eres wir bc bdN.epracemenr cvernmoretran
forecasiingnudybtVolseiandcoteag!eri.202Othatruppo.t 95%oftheworlds(ountle5a.dreritoresbu hatmarked
fore..5t n9a(u(ya$ssmenl and prcvidea f.amewo* by dispaiues in raterwltremain. Ourfore(asrsat50 suggeiihat,
whi.htoexploretheinpa.tolvariouspotiryscenarioson by2too,thetargestconce.tratio.softvebnt;swir shftto
ferti typatternrThsemethodsinclude,basingtheGBD ow-i..ome sriing5, pankut yasub,etofcou.triesand
forecst i9 model on a medue oi cohort fed iity (.ompteted teir tories n sub-s;haGn Africa. wh (h are anrong the mosr
cohonfertilityatage5OyearCCF5O)thatrcfl<tsrhenumbd vune.abtetoe(onomicandenvnofmeftat(halei9e5 Lxtreneol.h drenbomovernmetofemalesfromaspectfr..ohort, shiftsinthegobaldnibutonoflivebinh5.anbeparriary
whi.h better.aptureslong-tern.hoices peopre makeabout ameroratedby improvediema e educat on and met need for
.hildbe ing 5!.h sdelaving havingch rdrerthand@5the modern co.t,&epiion. oursrde of rhis slbset of row-in.ome.6s(perod.bakdme-ureofrotatfenitityratejand areas, frosl ofthewoid,5colnrr e5 wi experi€ncethe
inco@orating measuresoffeh. e eduatton aid met needfd reper(u$ionsof owferu it),wirh ageing popu at,o.s,
modsn.ontra(ept v6drcvaiiares, whkh improvesa.cua(y ddri n9 wo{ro(es, and i;verred piopu";i;. prcnids, whi(h
andallowsformodelll.g a temative <ena.ios by(hanging teve s are tikety to tead to profolnd tis.f, ","*.*, ."0 *. 

"oftheseindcatots lncofrGtttoorhermodelsthata$umerate, .onsequen.es Nationa po (yhake6andlheqtoba hearh
rncolntrie5cunenrlyexpe encing ow ferti rtt wi trend to .ommunirrmustptantoaddres3the*dvdedsetsoi
inaeaseovertme,orlho5ethalba5etherp@jectiontonexpert demograph..hate.gesemergingwondwide

mulrl' ar(bJ\L!l ui,TFR sr,Lr r'Jpcrulr n,e.sur. oiJrtcrnarilc poricl rerat(d s@nanos oroth.rdriv$sof
dnd rnu'clok d'\ s no, rrlounr lnr chrngE o!cr iinr in li.,lil) r'he us cens.s BureJu rnrer,arrorar Darabascterr,lh lEha\rcu,s For cumph rn seu,ngs wh.rc has also provided worlds.ide tcrtrjily estimates and
lerrrr t) rares ,,i " 'rer *u ner rn.,!a\e due lo choices to proi.ctions. curenrrv in 227 countries, sinc( the r960s,delay births ll-- l{ would underesrimate fertjtity Lut county-spec ic updaresar" ,",'p"A;,."(] -,.forecasts. Rel,an.e on IfR can also lead lo shon,term reguhr bas*r Sirce lhe 1990s. glot,l and ft.gronal
lluctuarions n esnmated iert irv forecasrs that are reii uv rorecrsrs tiav" a.o r,*. g.i.'"i"a by ,1" w-ra
especialy impa.tur i. cor,,t.i":;th;;l;d6 ;;;;fi;';il;'"ffiil"";Ii;;:;;ljll;,:'1": Ailli, t4*:':*,#.-k
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as$mptions infomed by exp€rt opinions flom
demographic scientists to predict future fertjliiy

The clobal Burden of Djseases, lniuries, and Rjsk
lactors study {CBD) is an onSoing, large-scale iesearch
enlerprise that char.cterises the state of Slobal health by
estimating key health meEics at glob.t, regionat, and
.ational levels.,' Beginniry with the 2017 CBD cycle, pasl
aid current fertility estimates generated as part of the
GBD analllic framework were publishedt, before Lh3t,
estimates llom the UN Population Division eere used as
inpuls to cBD analrric process€s.,6, For cBD 2019, pasr
and current ferfiiity estimates were reported iointly with
monalq. hfe expeflancy. dnd popujahon measures in J
publication fdcused on overall demographic estimares,,"
.nd CBD.based for€casts of populetion and fenjtjry
up to 2100 were reponed separately by Votket and
colleagues in 2020.r CBD feiilty estimares are based on
clear dat! and me$od! applying a sbndardised appro.ch,
providing publicly aveilable code. Volls€r and coleasues
addre$ed come of the exrsring rssues regaldrng rh€ use
ol TFR in,he modelling process by developing an
lnsutute for Heairh Met cs dnd Fvaluadon (tHME)
lore(dsnng model based rnsre,o 01 comptered cohon
ferlility at age 50 yeals (CCF50: the average number of
childr€n born over time to temales Iiom e specified birth
cohod):' lo capture ch.nge over time in fertiliry
behaviouB, which lelds more stable and accurate f€dilib,
estimates. vollset and colleagues. also included covariates
repr€senting female educariona.l an inmenl end
contraceptlvc mel ne€d (a measure ofrhe proponion of
females ofreproductive a8e shose need forconhaceptio,
hes be€n met with mod€rn contraceprrve merhods) to
beder infom fertiLiy esrimates and facihEre exploradon
ol alrematire fuiure senrrios dsso{rared u&
achievement of UN Sustainable Devetopmenr Coats
(SDCs) related to education and contrac€ption.

The lresenr cBD 2021 srudy focuses on fenjtiry
metrics, presentinS pasr eshmates (1950-2021) along
wtrh forecasrs up lo 2100. Resulls $ere impro\ed since
GBD 2019 and the 2020 snrdy by Vollset and cotl€rgues
by incorporating newly available demographic d.ra and
throuSh key methodological advanc.s. This paper
provjd€s a high-level overyiew of our findings. we
aDticipate that the results willprovide insights for poticy
mak€G and will be used as a tool to hetp plan and shap€
Iuture pol(ies ro bener prepJre lor proround chdnges rn

81obal fertiliry
This paper was produced as pan of the cBD

Cotiaborator Network and rn accordance wlth the CBD

CBD round,

r'na\sr: A. / ron,eqLF..e, GBD 2021 . rmrrs
supersede all prevDus estimalcs. cBD 2021 eslimarcd
k.) lcrnliry mebi.s l! lemaks bervleen ag.s 10 lears and
54 ycars in 2ft (nrntries and teiijtories grouped ifk)
21 regions and sevcn superiegions. CBD re8ions are
made up of countrics and rerritorics rhar ar.
geoCraphically close and epideniologically sitrrilar,,
These regions are the. grouped iblo superreBjons based
on ,"J,e ot dedh pa rF .s rhe frll CBD to.dIor.
hierar.hy is shown in appendix I (rablc S1). CBD 2o2l
drew on lhe expertise oi more lhan 11000 colhborarors
across ftore than 160 countries and tenitories The
GBD 2021 fertility analysis framework produced
estimates for 0very year fiom 1950 to 2021 lnd foreca*
uP lo 2100.

The nrethods used ro produce lerrility estitrDtes ftoo,
1950 b 2{)21 (loselt l;lk,wcd rhoso ol cRD 2019,\
Mcthods usod lo gcncret. i.nilty lorccasrs to 2100 w.r!
based on a modilied rnd r.vised version olrhe modclling
approach used in lhc 2020 study by Vollset ard
coll.agues' These hethods have been peerreviewed
oH p,rv.oLr cBD roJ1d5 c[d. \ p"rr ot he pepr ,, (i
pro.ess for GBD 2021. Here we provide an oveniew ol
the trrethods with aD emphasis on the majr clunses
since CBD 2019 and rhe 2020 study by Vollser and
colleaguesil a more cohprelensile description ol rh.
analitical methods for CBD 2021 is provided in
appe.dix 1. Additjonal detaik on specific data rnputs are
accessible through the CBD Sources Tool

Data sou rces and pro(etsinq
we systchaticalu sear.hed for ac.urate and .o,nplcte
dala on livcbinhs reponcd according tu the agc ot'
motheB. In many high income countrirs and rerrirori.s
thcsc dara wcrc available from high.quatity liral
registralion systems. but nr many lowe.jncome
countries. birth registries weie incomplete, inte(upted.
or dehyed; xr these innan.es. we irsread relied on
conplete and suninaO brtl histories in censuses Jnd
household supeys. Fertlhry reles fiom vjtal regjsfanon
data werc cakuhted as obsened bnths djvided bl
poprlatlon estnnat.s. Complete and summaq binll
history data were collapsed lrom the ava,lable mkrodxra
and sample wcights applicd ro calculated ase{pe(i6.
fenility rat.s (ASFR, and r) umber of child.en ever boh,
rcspectilely. A full des.riplion of data seeking ard
synlhesis is providrd h appendir 1(se.tbn 2.1). In rdll.
we compiled 58072 unique location*ourcc-years oidau
fbr fenralcs aged 10 5a ycaN for rhs period Lr.Nr.!
1950 ard 2021 {nunb.r of sources by location and by
,eqr \dn bF round 

' "prcforr I lqbles s.J ,nd 5., A.r I
rJ,,onil levpl. s( oLufra\su8o.rn.(uF colIn.s 1.r,,.
veJ,: or IrJl ,es..,hrlii oa". s.,n rn rdd .on.

,,r..,r ,rry ,o.r...rc.,"\ond"rJ i,o.n "r,Dte 
., L .. o.

..+em ve alJ.r.or,. .r.\ef,i-6rdipal o, p., - ,rsr r,
o, sase numbffdJr$\+l m.Er<rf tltlralfac[y*--,
(no cem6s'h4'rerdKUIJFsndr4rf.oird' ri.rorier.

t\u
f.}t-_

'!,ryDd
;'iooj wwrhehnrdr (oh vol4ot M'y13, 2or.
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879 sL,frmary birrh hisrori.s, and 28 unctassitied forms
. of birth histories {details are in appendix 1

tables Sl lnd 54).
Throughout the forc(asting nodelling processes we

used fcmale education. urder5 monahty, met need for
co.trac€ptive use, and population density in habitable
J'ea..s co.rri4Fs. Dccils o. lhe.F .o\a ale. Jr(

. avarlable nt appendir I (se.tion 1.1).

Fe.tilityfrcm 1950to2021
CBD 2021 estjmales ol fertility metrics between
1950and 2021were based on a systematic synthesis ofall
available dara for all cBD localions. The tertiljty
eshmation pro.ess was closely connected to paralet,
roncordant modelling ofpopuhrion 3nd mortality, with.- 
population esrrmates used jtentively to geneiate inpurs
to Jertilitt estimation models and vice !e.sa.r CBD
mcllods arc designed io accounr lbr the dilc.nty otdala
ayailableand thediflerenrbiases inherent i. various data
sour.es, with .ustohised date processi.g and data
synthesis steps implemenred to ac.ount for known
bhses, missine data, and heterogeneous measurement
metrics used a(oss data sour.es. Estimation otfertiliry
.dre5 be.*epn taivonJ 20.,1to lemdtps,ge: tG-sa)e.r.
largelv lollowed the nrethods used in CBD 2019.,, Fjrst.
ASFRS were estimated lor 5.year age groups betweeD
15 yea6 and 49 yeaE only using agespecific vital
regisrration and complele birth history data. Ttrese
resuhs weie used to splil all.age data fro,n vitat
registration. summary bnth history, and olher sources
into ASFRs. and rhen another model was 6 0 estihalc
ASFRs usilg the origrnal age*peci6c ASFR data fion
vrtal regisrration J.d complere birth history along with
these age{llit data Next, we exl. ded these estimares to
ihe age groups of10-14 yea6 and 50-54 years using dala
-rom these ages and adjacent age groups. Fjnally, ASFtr
estimates sere used to calcuhte TFR. A summary of

o..orr. q rr1 4, omp,.lens.ve oe_...prro.
provided in appendir 1 (sedion 2).

To esrirnale ASFRS by 5-ye!r age Broups ior femites
aged 1549 yea6 we rmplemented mj_red-effccts
regression dodels uslng bounded logit(AsFR) as the
outcome. The 20-2ayears age group was eslimaled tirst,

"nd he:e e"t m"r{{eru-.J ^mode. rl" remdrn.nE
age groups. Both scN of mode\ wcre fit separaiejy for
the high-in.onrc. s ub.Saharan Africa, and cenrral Europe.
eorre,n l"J ot'H. J, d...nrralAsrr' sLpcr.region. ro a.rounr
h, drllerFr.-. ,i' 'hF ,e.1r,onsnrps be.reen rhe AsrR or
lI. 20-24leals age group and that ofoiher age groups.
ASFRs rn the 2G2+yea6 age gloup were modelled w$
female educationa I atrainment as a covariareand random
intercepts io. each location source. Then, we separar.h
modciled ASFRs in the redaining age groups berween
i5 yeare and {sirg a linear spline on the
logrt(ASF

attainment as a covr.iare .x.ept in rhe high.in(om.
superlecion, 3nd random tntercepls tor each kxation
soulce. Afte! runnjng th€se ired.effbcrs modek we
co(eded for systemaric differences across data sources
by selectlns a reference source for each locarion and
adiusting other sourccs based on rheir discrcpancy fiom
the releren.e spafio,F,1p^,-. Crls.,dl
process regression (ST CPR) was used lo smoorh ASFRs
a.ross location.nd tjnre, producjng 6nat poinr esiimares
ard un.ertaurty intervals (Uls).

ftrst{ound ASFR enimares were generated from this
modelling approach using age{pecj{ic vital regtsrrarion
r.d complete birlh history data b sptjt total blnh data
l;om yital regisharion dara summary bnth histoncs. and
other sources into ASFRs, we calculated the ratto ofrhe
p",ir) .mpli.,l L\ e.ch .o., trnh daa .. , n, ro rne ta ry
, {rm,?d n hri hr.r ,.rnd ASt F r"dF T'ri..rt,o$-s
then multiplcd by thc esirnErcd ASFRs ftom rhe fi6t.
round inodel. These age.s plit da ra were incorporared jnto
a second round olestnnahon loi each tocatio! using lhe
same modelling ipproa.h described earlier To generare
estimales for ages lO-14 yeare and 50-54 )ea6. we
esnmated the ratio ol ASFR to lhe adiacenr age tsroup
usnig all available dala. theD apphed these ratros to rhe
secondiound ASfR estimates. We used a mixed,effects
regressioD model to esrihate location.speci6c rerios for
ages 10-14yea.s. whereas we cal(ulated the avecge rano
across all locatlo.s lorages 5o-5ayears. Finalty,TrR was
cakLrhted by rnulnplying the ASFRS fto each ttcai
age group by five and summidg.

Fertilityforecarting
we produced forecasrs ol fertiliq usng an updarcd
modelling framework (appendia I section t) thar
improled on the metlrods in rhe 2020 study by volhet
and colleagu€s.' 1n our updared merhods. 'e used nor
only estimates of lemale educarional rnainmeni and
contraceptive inet need as covanates, but rlso estimates
olunder5 mofialiq and popularjon densty in habnable
a.eas toaccount lb! a larger v!liarion ir CCF50across att
counries in tle sub.models (appendix I sec(ion 1.1
append,x 2 ligure s2). Sinrilar to voltser and .oUca8ue
we continued lo forecasr firliliry with CCFt0 ixrh.r tlun
TFR, because modelling i! cohort space is more sublc
than in period spa.e. For this analysis, we used past
CCI]50 enimat.s for binh cohons from 1945 to 1972 to
lo..casl CCl50 up to the 2085 birth coho of iemales,
followed by predicttng AS FR fo. each tyear age iDterval
as a proportion of CCf50. Ccfto was defined as rhe
alerage number olchildren born to an jndivrduat temale
fton an obsened birth cohort (indexed by ye:r ofbirrh)
ifshe liv.d to the end o{ her reproductive Iifespa, Gges

ol spii
age group. The selection
rregion and age group.

CCF50 was foreGsr us,ns an ensemble

Ni.. H' JT?:,::"1 [X:fl T'JIT R

)$;:lx*;u +i;fl,1$:Jf,fi K
rNnoRE (M.P.)

15-49
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tour.o\dnarp.ub.modpt $.s ,.ore,enreJ Jy rhe
iollotrir8 equatio.

lagit o , h)lccF s0)-pa+ splineledu.dtia^,) \ pt

+hct ieedLxB)

+ undet -5 banolith \ B,

+ poprLotiot d.rsitt pet hobitoble arcat,xl.

wheie CCF50 is scaled from more rhan 0.7 to less than
l0 and modelled in losrr space for tocation (j) and
cohort k), P" n an inlercept, p, is a vector of the sptine
.oemcients of female educational atrainment covariate.
9, N a slope on proponron ofmet need forcontraceprion,
p, s a slope on under-s moriatir), & ts a slote on
popubtion densr! in h,bilable areas. and. is a resrdual
term. furthei detaik are proviilcd in appcndix 1

(section 1.2, 6gure S1).
From forecast CCF50, we then d.lived ASFR fore.asts

for theyears 2022 to 2100usinga combinatio. ofa tinear
nrixed-eifects model, spline interpolatjon, and an
.utoregressile inregrated moving average (ARIMA)
rrodel 'l 0.u, on FnoJals ro Fs.jn" " rhp dge pJrrern o
Ie rl n to Fa.h .ohon On.e Ast-R val ,e. tor Jd(:
15-49 yeare were obtanred, we infered the AS FR vatues
to, r,," l0 l+\eab ind 5G-54rea,\.ge BroLp\ b.seo oi
rherr rarro,'o r-he resr or rhe ds" pJr.rrn dunng rne tds
obsened year (2021). Single.year age intenat ASFRs
were summed over all ages to yield lhe TFR for each
calendar year {appendx l se.tion l.l).

We also produced feltiliry forecasts fo! four allcrnative
scenarios applied to all 204 countries and leritories.
These scenarios cxplore shiftine forecasr values ot
two known driverc of lerrilib. leducation and mel need
lor conlraceptilet as well as a proxy pro.natal polky
lt1ore speciicallr. the scenarios included werer the UN
SDC target 4.1 for education is achjeved by 2010; the
contraceptive mel need SDG targer 1.7 is achieved
by 2010r pro{atal policies are ena.ted thar creJte
supporttle enlironments for those who give btrth; and
the previous three scenarios cohbincd (mo!e deraits are
provided Ln appendi, 1 section 1.4). For the.ducation
SDG scenaijo, the forecasrs assume that by 2010, atl
people will have 12 yea6 or more ofeducetion by the agc
of2s yeare and then maintains rhe same rate ofctunge
as the referen.e scenario upto2100. For the c o ntraceprive
nret need scenario, to reflect the SDG scenario of
J,,vF,!Jl j\.e. rl"etore(csGr..,,.,eo,.inedj rtrre-.e

' in cortraceptive coverage torea.l100o/o by 20l0and rhen
stay constant up to 2100.

assuhptions on the effects ol such policies. Iirst, w.
assumed the full eflecr of pro.nalat policies wil be lo
nxrease TIR by 0.2. Second it will iak€ 5 years aner rhc
poliq is introduced lor thc lull in(ease in TFR lo oc.ur.
and TFR will risc line.rl! over lh.t timc span. Lasr we
assumcd that both the policies and rhe incr.ase rn
TFR by 0.2 will endure for the remainder otthe century.
lbi each pro-nat3l yeaa the TFR inciease was distributed
proportioDally among the nngle.year ages accordrng to
rheiL cference iorecasr ASFR values Ttre pro-natat
scena.io paramet.rswere draMr from previouslr obscNed'. re",e.,rTtk l-d,.oin. ded$r hp.o.rc,Jtpotn,c,r, o
hroade enpiriLrl eqd"n...,crJrdrn8.1(r. ot p,o. drdt
t.ol . - . I low.iFjr .j1 (o, ?\^ l-nrej d(.r"... o., rt...t .. .

.atal scenario can be found in appendi\ I (sectjon I4.1)
ln the conrbined scen3rjo we applied rh.

afor.m.nlioned chdnges to rhe colariarr forccr\rs
simullJncously without assjgninS any wcight\ bc.Jus,
these .ovariates wer( alrcady e,nbedded rn our modet
and the coefficients for each coranate were cal(ulare.l
based on the obsened data.

GBD202lupdatet
To esrinrate ASFRs ftom 1950 ro 2021, CBD 2021 added
147 suNeys. 2l c.nsuses and 6la country.yeaB of vnal
aDd sarhple reghtarion datatompared wirh GBD 201!,
lor a rotal ot 1455 su eys and censuses. 8709 counln-
.eor5orr.raiandsdrple.pErrLr.ond"c. Jnd t)0orner
sources. Methods werc updated for CBD 2021 by
.hanging rhr rime weight in ST.GpR to use a beta dcnsity
fu.(tion. in whi.h htperpJr.merc!s wercass,gned based
on quality of available dala sour.es ud the dumber oi
available dalapoints. Ihis betrer accounted for incrciscd
data avarlability, shich nnpio!ed precisiotr and produccd
ftore plausible l,me trends colnpared with CBD 2019

Updates lo Lhe fenillty for€.astnrg merhods lirlr
introduced in the 2020 study by Volhet and (ollergucs
rnclud€d the nrcorporation oi Evo new covariares rn the
CCI-50 model-namcly, under.5 mofialiry a nd poputation
density in habitable areas-nr addinon to those preyrousll
used (ie, iemale edu ca rio!al aftainment a n d conrraccphve
nr€t need). Fulthermoii:, the cutrent rtsanon ot the
IHME model employed r linear fired.efect model to
Ibrccast s.year ASFRs, which rver! interpohred ro t.year
estimates using a. ARIMA model on ihe residuats ro
quantiry vadation not explaincd by the covariatcs.

Compa iron with other modelt
we elalurt.d drc IH\rE Ianlliry lorc.rsrn8 trrodct
perlormance based oD our.oisanrple predicrions dur!)r
the validatior period 2007 21. We used the follosiDe skill
metric! for model evaluarion and .omparison (see
appendix I section l.6lor more details):

scenario, we assumed a cou.try will
policies, such as childcare subsidies,

leave, insurance colerage expan!
t," and other fornrs of

'qBalitr.hrld c!r! seNr
. RMsEtMadet) /il'@r,['a,*,

tndore t n,r ; ru"c Jf charnracy,

*,,. "^,I|"PS$8IM..,P,J,",.'
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Formulation & Characterization of Sustained Release: Multichambered

ASSIXACT:
Itrtoaluctlo!: The Aim of present rcsealch wo* was to formulale aod chancterize

Sustained releas€: Multichrmbered Tablet Using Fus€d Depositior Modelitrg (FDM) 3D-
Prioter, the drug candidatc us€d h this project was Losartan Potassium, is atr AngioteDsitr

receplor Type -tr blocker.

Obrectkes: By alterhg the she[ thickless aDd idill deBity %, sustaiftd r€lease action of
tablet usiry API I-osartatr Potassium had been achievcd.

Mclhoils: The Novel Dtrethod had been used for fab.icatiog Tablet crlled '?arse and fll
Method"- Tablets was preparcd usitrg FDM 3D-printer with thlee differeDt balches (FI, FII
atrd FItr) by creatiDg variation in infillieDsity and imer *?ll rhickoess: 0.5Eur! lmm aDd

1.5 mm respectively using poly vioyl alcohol (PVA) frlament- As balf-life of Losarta! is
1.5 2brs (Indian Pharmacopoeia, 2018) wiih poor bioavailability, suitaioed release tablet
enhanced the bioavailabiliry of the drug, rhe ir-rtru drug release from the tablet drug is
exreoded uplo 27omirs (appror.).

R€sults: From the Resulls it coocluded that the FtrI batch oftablet is the oprimiz€d batch

with dnrg release about 99.23 % for 270 mins, Mcreas Ftr shows 98.69 % for 240 mitrs
asd Fl shows 97.71% for 210 mi!s. The data Etea used to evaluate the kirctic studies,

states that lhe €o€fficienr 'r' itrdicated the dIug rclease ftom the tablet which was folow€d
by zero o.der release kinetics.

Conclllslotrs: The work conclude that the FDM 3D priotitrg Foccss was capable for
producing rapid aDd sustain€d r€lease tabl€ts otr the basis ofdiflerent thickness. This work
also helps to decrease the side €trects of dnrgs by providing sustained releas€ of drugs &
ircrease Ihe safety and emcacy aod avoid iDcompatible b€t*€etr A?Is by developing drug

release chrractedstics. The pdnter software eoabled easy fabricatior ofoEl drug d€livery
devices with difiere wal or chamber thichess

Tablet of Losartan Potassium Using Fused Deposition ModellinC (FDN[)

3D-Printer
St.llnl Bhattrchrry.r', NeiLcD F.r'ooquf, Nlmlt. M.Docbrs
Indore Itrstinne of?harEacy, Iodorc, Pircode: 4533 3 I

(Rec.leed: N F.brutry 2021 Retised: 1l Manh 2024 Accep@l:oE Apr 2024)

I(f,lltroRl)s
lD-Prirrring. nEed
Deposjtioo
Mod€[ing, Suslailed
Release. Addiriv€
Manufacturi!& Poly
vhyl Alcohol
(PvA), Rapid

prolotyping

1- IDtmdEctlon

Novel Drug delivery systems are ihe iechdqnes *trich
are day by day gettiq more developed ad more accurate

for deliverins of therapeutic doses, which are tailored

accordirg lo tle patient need or requirernent. Additi\ie

priDtilg aDd fused deposition Eodelling (mM). Such

Dovel methods can be used i! choosiEg the doses i.e.

flenbility h selection of arEount of dflg or A?I, shrpe
and size of the dosage, etc L3 A Rapid proro-8piog
techology, due to it's cheap€st printing costs, high
priDtiry quality, atrd w€ll capacity to €mploy drugJoaded

filaments via hor-mell exlrusioD (HNC). *sed
deposition modeuing (FDlvo is ooe of tbe addi\ive

prin.iput /'lV,"-"ll;::ili;ffiiUd.

lgEle.hnology includes Erious tlDes of3D-

EI

as follows Slereolrtbogmphy
(SLS),

157
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naoufactuirg techliques that is most ofreoly researched

or us€d for formulrting dosa8e fonu, or even h case of
bioprinting in medical €mergencies aJ.

The "tlree Ds of 3D printing" refers to the overal
go€edur€ of3D-printing Eethod. These are (i) DesigD,

(ii) DevelopmDr a (iji) Disp€rBe. This rechoique is
only Dow begindng 1o b€ adopted by the pharmaceuliel

seclo.. Therc arent aoy si8trificaDl coEpa{ies in tbe

pharmaccutical sector creating drugs for reSular us€.

Chuck Hull's siereolithoaraphy apparat s (sLA)
rccei!€d lhe frsl patent in 1986, wiich is when 3D
printiry hitially emerged. IIe is regarded as tle
originalor of 3D printing terhmlog/ as p€ll printinS itr
the bionedical alld phad.aceutieal industries or ield had

beeD htrodrced iD the year of 20 l5 a. Numerous firtrrs
arE iDvEstigatiq lhis ?ossibitig, includilg Te\ra ard
AprEcia PbaflMceuticals. A high mdicatioD loa4 up to
I,mo m& may bc delivcred in a siEgle dosage thatrk to
zipDose Tecblology. By admiDistedtrg evetr the highest
concenratioDs of leverimcet.m with oDly a sip ofdrhk
"SPRIIAM" was audo.ized by the US Food and Drug
AdmiDistratiotr (FDA) oD year Augusi 3, 2015, to treat
partial-orsel, myoclonic, and gen€ralized toni€{lod€
seiares iuproves the patient €xperience. Using 3DP

lechsology. which was developed at Massachusetts

lastitute of Technology, Alrecia created its ZipDose

Technology pladonn Lrr

Atr appropriatE pobmer is choseo, melted, ad then
pushed or iatroduced ttrough a heated nozzle out that

may b€ ooved. The polymer is applied layer by layer
alory all tbre€ followiDg axis i.e, (x, y, and z ark), aod

wien it get solidified, it takes on the precise shape as per

the conputer-aided desig! (cAD) models had inteDded

i:rro macbjLcerll{.Tbe inventioo and expcrimrDts using

3D -printiry method had b€eD d€scribed illustratively itr
Iig[lr f

2, Objectives

The aim of this research work is t[at the FDM 3D
priding process was capablc for producing mpid aDd

sustained releas€ tablets on the basis of differcat
thichess. This work also helps to decrede the side

eff€.ts of drugs by providitrg sustaircd release ofdrugs
& increase rhe safety and efrcacy aod avoid
incompatible between A?Is by developiag drug lelease

cbaract€ristics. The printer software enabled €asy

hbricatio! of or.l drug delil€Iy devices wiah dif€rent
wall or chamber thickoess. DSC aod HPLC arc cad€d to
check the identification atrd purity ofdrug. All rcsults arc

withitr the acceptaDce rarlge. DSC data showed ltrat lhe

Losanan Potassium drug was unatrected by th€ pdltitrg
a that there were no detectable iDleractioos. PVA
corpanment! are desi$ed by the use of CAD software
(Auto-CAD) in two steps. First printing ofthe tablet urto
75% .Dd theD paused, agah after the API Iiltiry
Eaoually the rEst part of tle body buildiDg up. PVA
rB€rvoir wEre fabricat€d i! tbree difrereDt batches otr ttre

basis of difreretrt thickDess of inneI most s?lls a.d
difference iD infill de$ities (II, flI, FItr).

The 3D priDted tabl€ts were evaluated for Size and shape,

hardness. weight }?riatioo, dye test aod drug release test

AII results are within acceptable rdnge as defircd by
Indian Pharmacopoeia, In drug release perforErance we
found the best rcsult tom FIII batch because it show€d

up for longest p€riod of tilr]e amongst the thrce barches

of formulation i.e, $stajled release action upto 270 mirs
(appror) In tlis s,6tem the drug rcse in the outet
corpanEEnt or chamber with thin wall is releai€d lilst
and Elease ofthe drus in the thick layer of companmert

oaly cornmences when th€ thitr lay er is practicaly

dissoh'ed. DIug releas€ kirctic data of tte 3D prfut€d

Gm) batch oftablet alalyzed aDd fouid to be ftted into
z€ro order drug release kirctics. Filst ordet Hi$rchi and

torsm€yer-peppas model. Almost all formulatiois lv€re
*€ll fitt€d in zero-o.der &ug release Hlretics with the

highest tircarity

3. M.thods

Model DeslgnhS ol3D- T{blct

It€ tablet model had beeD desigaed using CAD so{twzre
(Auro-CAD), then the STL file is tudher sliced using
C\ua-Uliimaker ard coD!,erted ilrto G"code fonBal Iile i.e,

Machine readable 6rmal. The filaEleDt,Otich was uscd
fu\)i -,,prir(!lat

lndnrc In\l l:rlc of PhirmqcY,
l\ i)oltE I l\{.1'. )

[ ._*-...- ]i- )
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for thc fabricalioo of lhe suslained relcase mulli-
chaf,bered tablels la.mely Poly-viryl Alcohol (PVA)
filaEcd. PvA is a vrater- soluble, biodegradable

Pob,mer u,hi€h is wid€ly used by the researchers io the
preparatiotr or fakication of ihe Phamaceutical

formulation usitrg 3D- Printer due to its flenb ity and

ph,tsiochemical propedes. Fisure 2 provides brief
working of 3D- pdntins process".

llis sectioa oullines plao alrd how lhe process had be€E

carried out. 10 this study'?aus€ aod fill method". The
sEuctue was printed by a single-Dozzled (0.4 mm iB

diarneter) IDM 3D pridEr (3D-Protoryperz, DEX 200,

Idore, India). The filament which is used to fabricat€ the

Tablet is Poly vinyl alcohol (?VA) which is a water-

soluble ad biodesradable pollmer This Tablet is
haviry 2 hollow chaobels h Efiich the drug (API) is to

be filled sho, .d in Flgu€ 3 The ooter most chafiber E"d.ll

is havirg thictness of l.smm and lhe iotrer-most $all
thiclncss is rbour 1.0 mD:. The coEDra[d had beeD giveD

to th€ 3D-Prilter usiog SD card iD which the desig! of
tle lablet is saved io th€ format of g-code. The g-code

file must be contaiDjog tbe comnard of stop i-e; afrer the

completioa of 75-80 d/. of tbe p{ntiry of tablet ihe

Eachine will auloEutically be paused aad then the

desired dose will be poured i o the diflereDt cavities or
cha$bers of the tablet as per the need, then agah just

'!ress"prhtagaiDa the remainiry portion ofthe tablet

will be print€d successtully.

ooE&d.e6lFndc&6
@Lr#idre!6d!<r!

processitrg of 3D-

Th€ prister parameler was adjusred by ihe 3D slicing
software oalnely "Auto-CAD softwar€" are as follovrs: a
layer height ofo.l nuq prifiiDg sp€€d l0 mm/sec., iofll
densiry of 40%, 15o/o and tooo/. (FI, m, Im)
rEspectiv€ly. The oozzle temperatur€ E€r€ s€t to be al
tempentur€ 210 'C and the bed or printer tay
teEDenture at 60 'C tdt7.

figrll€ 3: Printing processioB ofTabl€t (Afier
completion of75% the Dozle is moved back, for the

fillitrg ofrtre A?I)

,1. Results

Lo6artatr Potassium loaded Sustained Release: Multi-
chaEbcred Tablet wrre prepared successfully using
Fused Deposition Modelling 3D- Printirg meltod. Thc
lhee batches oftablets had beea pepand with different
ilfl densilies atrd inner-wall 6ichess, FI, FII ard Fm
\til! 4U/o,7 5y" aftd lUJ./" iDfill deNity respectively. Aid
lhe Esulis werc e!,aluated and observed as folows -
Ske, EGIght, oris, wldth:

The shape ofth€ tablet fabricated u?s circular codainilg
chamb€rs or cavities i! lhe foIm of differ€nt lq"ers
liErtically. The Diameter of lh€ tablet E"s found lo be 13

mrn and height O.5 mn Tbree batches oflhe formulatior
were fomulat€d i.e, FI, Ftr and Fm with differelt idill
deEsities arc .s followEd -,l(}9/q 75% and lm% enlisted
ltr Tible no, I

IEI IOACw ''l/

&

1532

ft,
, 
",".", 

"Y'1,.:''3ll''.'**n
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Toble I r Size ard shape of 3D- PriDted tablets

S. No.
(nD)

Iteignt
(DIn)

ItrtrI d.Dslty
(.h)

ItrDer chamb€r
w'll thlchess

(mn)
1. l3rltn 5mm 40 0.5 mm

2. 13mm 5mm 15 1mr

3. l3r:un . srum t00 1.5 mm

The thichess and the difference h lle hfill deLsity of
lie iablet so the weig[t oi the lablet fouDd to be

cons€quenlty incre;siry i.e,F'L O.l\rvo <Yfi O.21or'o

<FItr - 0.39l". AII 6e tablet batches wEre passed rhe

s€igtt variatiotr lest aod lrithin tte acccpiable liEit (lcss

than a5 yo) accordirg lo US? $eigLt i-arintion limit.

DllterrDtl.l .crnlrtrg crlorlmef er (DSC)

Dsc stody was caried out to check tie compatibility
betq€eo IrsaaE! Potassiuo aud PvA filameot used itr
the fomulatioL Il i5 clJlied out to colifln that there

should be complete physical compatibility of drug and

flal3eol wilh no mutual iflemction. DSC thermogram of
Losadar Potassium erhibit€d an eodolhermic peal at

278 'C followEd by figur",l

'C, which suggesled cleady that ther€ was no interaction
b€tu/een InsartaD Polassium atrd PVA filaEetrt and the drug
Irsanan Potasium wf,s edsted in it's utrcha[ged folm
ngure s

Ir.
I,
t"

Figule 5: DSC repod ofmixnue ofPVA and Losafian
Potassium

Iligh P€ ormatrce Liquld Chrom.togrrphy (EPLC)
The chromatographic sepafttioD \nas performed using
Crs column (250mm x 4.6rnm I 5.0!m) ilcludirg a

Rhmdlhe itrjector with l0 Ul fixed loop. EEpo\l€r
sofrware had been used for the data anal)sis and

interpretatiotr. The oobile phase coDsists of 2 solvents:

0. l% Ort[o-phospboric acid (oPA) consider€d as mobile
pbase (A) aDd Aceronitrile (AC|o as, mobile phas€ (B)
in ralios 75:25, l0:90, 75:25, 75:25 folo*€d byI.P,2018
editioa. Run time ofthe riethod wBs set at 55 mi.s. The
flo*, rat€ of the sample *Es I Eymin. The readi.DSs are -
rql Trblc 2 ard rigur€ 6 & 7

fBaie 4: Dscreport oflrsartan Potassium

Where.s, the mixture of&ug (I-os{tarl) and polymer (PvA

RH for l0
conditio. of40 'Cl ?50l.

DSC amllsis. The mixture

Trble 2: - HPrc report colc./area
S. No. Cotrretrhatiotr (ppm) Arei (AUC)

I 10 4t3061

2_ 20 160.424

3. 30 r r29993

exhibits

ti*. ;
found approx. 275.34 urE A

'""\fi**iqiilx'"''
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5tot5u,sra5

Flgur.6: Gmph ofl-os tatr Potassium showitrg

liaearity Conc. (ppoYAUC

Dye Test
Th€ rBults of Dye lest reveals that the methyl omoge

slarts releasiry between 30 miDs ro 120 miEs i.e, The
outer chamb€r wall started dissolvitrg between 30-
l2omir. whereas, inner chambers wal start dissolving
aDd the melhylen€ blue start releasiDg betwe€n 180 miff.
lo 270 mills. as show! itr Iigur€ 8

figurc 8: Pholog"phs ofdye test

,z-rzto Drug lelerse

Dissolution study had beeo caried out at 0.t N HCI
medium at 205Dm by maintaiiiig the temperanae about
37 'C + 0.5 'C of the medium to mimic humao stoBach
etrvirotr De for aI the rhree batches of tablet aDd the
r.sults cleaJly shows tbat the drug p€rcentage relerse
pmfle ofthe batch ttree i.e, FIII with itrfil d€nsity 100%
a io[er chamb€r wal thickness upto l 5mm is haviry
eneded tiEre duratior atrd better drug release profile
comparatively to the otber two batches (FI aDd Ftr) of
formulatioDs showtr i! flgor.9-

Figum 7: HPLC spectrum ofl-osfftan potasslum

Errdtress Datarnhrtlor
The hfirroess measured of thc lrblet of each batch
betwEetr 5-6.5 kg/cm2. According to IidiaD
pharoacopoeia 5.510.06 aDd ?.5i0.06 tgctrf is the
hadtress limit of the Datrix tablct ll&ich depicts good

mechadcal strength oftablet. Ii l,Bs due to thc plasticity

oaru.e ofthe PVA Hardoess ofthe 3D- Printed Tablet is
showD inTrble [o 3

1534

*!i-oo*91/

fl,t* ,[

;'_E _X;_

:H

Trble 3: - Hardness of3D- Printed tablets (n=3)

roIDuIatiotr Ear dtres. (kg/cm'z) AverageHardress
(Is/cn?)

t'I 5.8 6.2 5.9 5.9 +0.61

fIt 6.0 5.5 6.2 5.9 +0.13

FItr 5.5 6.5 6-4 6_ I ,10.33

d ZrR
l"Y*nrn\

4

e of 3D- Pri ed Tablei

z gnncipfj

T;l

I;-l

F-'t

f,--t

f.";r

f--t

t*l
E=]

,o d roo 2oo 3oo

+% druB Release:Eni{d.lru8 Release :ll

-F.%drug Release Flll
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Drrlg releise kitreti$ ItrrchirlsD sludy

The kirctics of ,raitlo drug release was calculated by
applying the &ta of drug released to various kircric
model such as Zcro ord.r, First order, Higuchi alrd

Korsmeyer - pcppas. Aid th€ resull obtabed is shos,tr io
Table ,1. From lhe results of kinelic studies, lhe

coefflcieot 'r' ildicated that lhe drug release folowed
zero order release kinelics. It was found tiat the value of
'r' for zero ordehdnged ftom 0.9651 to 0.9902, which is

near to I whetr compared to frst order raoged ftom
0.8089 to 0.9123. So, it was undeNlood to be followitrg
zero order releas€ pattcm follov?€d by a[ t]rce
fommlaliols shoir1r i! Flgurr l0 ad 1l-

100 .
f Lt Y:0.3712x + r.138e
: I ^tt R, =0.9902
:;E s0 l ,{
.a + Ll .--.-zero

E 
" o.l2---- order

B 0 200 4o0

Bgnre 10: Graph betwee! cumulalive 9'o dlug rclease

v/s time of l,osartaD Potassium (a) FoIml&tion -l (b)
Formulatiotr - tr, (c) Form{ation - m

(b)

Ftgul! ll: Cha( showiog the iftrerse iD R2 !.a!ue of
zero order for all batches of fomulation

5. Dlsmsslotr

ID convedional dosage form dru8s, which are

Amorphous nature, flocculent aDd lowJ€nsity character

is difficult to compress into a tablet. Hygoscopic drugs

are not suitable for coDpressed tablets. Some limitatioos
ard problens like poor patient compliarc€, dose

vadation etc. Conventional dosage form has dra*6acks
like poor bioavailability a fluctuations in plasma dnrg

level and are unable to achier€ sustaitred release.

Conventional oral dosage forms such as tablets or
capsules urdergo many productiotr steps eg granulalioD"

compaction, size reduction, lableting oi coatiog. ID olher
hand, 3D printing reduces production to orc or ts,o steps,

dependiry ifthere js pharmaceutical Daterial h Ela[leot
iom availabl€. 3D prhlitrg can revolutioDize the qorld.

3D pd[ting used to modiry medicines as pcr the pati€nt

requLement involving th! potentially to select optitnal
dose, app€arances and rel€ase profile. Fused depositioB
modening GDM) is ooe of tie most widely us€d 3D
printins techdq es to ntake solid dosases and offers
accumte dosage by adjustingtb€ parameters in CAD.

Principal

Table 4: Kinetic dara of 3D- prided Tablei

lor.mulntiotr z€r 0 order 0J)

Fr (40 %) 0.9648

Frr (7s%) 0.9651

mr (r00%) o.9902

y = O.3122x- 4.2627
R'1= 0.9648

r-zero

1m

Bao
!. eo

9B o
:* 20
6
;o

TirD€ (hrs.)

1

d 0.99

I 0.98

FI FIl FII

100

e80
>'.60
.i -B co

Ee zo

Eo
-20

y = o-3592x - 4- 1256
R'1= 0.96s1

Time

INDORE (M.P.)
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This pap€r aim *as to fomulste atrd eraluate 3D priDted

Sustain€d Releas€: Muli-chambered Tabht using Fused

DepGitioD Mode[ing (FDM) tecbnology. The 3D
priDler ules a flxed amoDot of drug aad pollmer to prifi
\}tich minimizes tle dos€ variatioo of the drug. Result
accurate a precision dosing of the drug to the patietrts.

KeepinS in vierv ofthe above b€nef(s, our aim was to
explore 3D priding tecbnologi for formulatioD suitable

dosage form of&ug wtich may lead to reduce the dositrg

fiEqueocy, ma$rfacorilg cost a.ud hcrease the patied
corqpliaft€,

6- AchoYl€dgemetrt

I would like to express my sp€cial gatitude to lol-
Chemicals & Ph.rroaceuticals Ltd. (LudbiaDa, Punjab,

India) lheir valuable contributions, for p.ovidiig Drug
cift sample of Los€rtatr Potassium for this rese,Ich" I
also exteod tny apprc.iatioD to Nimira Mamcha ard
Nade€m Farooqui, for thcir cotr9atrt support and
guidaoce. T[eir exgerrise ald suplro( E€re iDstruD€nlal

i! the successful completioD ofthis study.
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IFR' ol r.65 {r.40-r 'e2, i" zoso',"i i.ij iili; " 

*err is rhPremenrinc pro nal,l Doli(ies' snrrr'r ,e5uir in slobJr
-"a"r **. p.'.ui". 

",,*, "r,:;;#,: :;J,i"l;-;;:l ll" ;.lil:*ffi:tli:l.Jli;::ll,f; ,,; ,i;;
rnte'|prer'tion terririrv 6 decjinine erobarjr. h irh rates rn more rhan harfofa[.ounrrie. and reribries ,n 202] lrelowreplacement lerel. Trends 6ince 2000 sho$ .otri.t
numr,e, ol counrnes erp.ri"*"a -"" , ai"r,, r.jlllle 

hereroseneitv in the sreePness orde(lines and onh a .mall
,eph(emenr rever. Addiiio;.]i,, ;;;;ff;:i::ll'' rebound Jfter rheir towe\r ot""""a 

"n "i,r, ** *,ir,,,s
Gcurnns in the topest-inco-"."",,.,",. ,,*,";]l:.:'inhs 

&os rh" sjobe u shiftin8, with i sreater proporiion

"."..il",,,.,",.i;i ;;;;;;;;i;;J;;1;:i:1,,;:i.",,".jlxi::":'ffi::,fiifi)li:*:iill._"Jiffrilj::
soc,era, (onsequ(D.es duc ro ageihs rhDuir,Dnr and.a.ri,ing no,lro^"-* ,, ;;;;.;",;#;J;i,^, __b,""s'ln an rncreasinS share ofjnebinhs.mong rhe readr p@rest resionsofrhesorld.
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xme-to result rn invened poputriion pi*.,a. *,1
l,grns :r'{4.brl: or oid"r peopre "nd de<rinrng

/,'r$,Fk,ns-eee\b}+uog.. rhese ch"nges are rrkell ro

i5(,:[.rx"i'+'#,$I 
;: :;;i'ffi ffi

lhtroduction
Chrra\tefis nB rr€nos in key demographrc rndkJroF ol
rerhrrry dnd protec ng estrmales .nto t}e fururt arepssenh, ro undenland rhe rmpa.r of (h,nsjns b,nh
Eres on socEt. ecoomj.. ana geopohot sy.iem's, bo.trnN and in Ure comrng century Dynrmics rn rcnilD
prtlsnr dre(enEatro rhe wejtestdblsned (oncepr of e
oeaographrr hansirion. , which r.dssica , hotds rhar
socrenes witl passage from d condrnon of hrgh fedil,ry
and h'gh monatjry Mrh more,oung rnan ota ieople roistaie ot low fenijriy and Iok monaliry witl an

'ncreasrnSty 
otder populatron. some lheo ys have

proposed rhe concepr of a demoSrrphrc diljdend,
wnereoy declmrng Iirnliy rates had remporanty tohrghe! proponrons of trorkrnC adLtls a;ailable to
generdte resources dnd Lapitaj. porenrra y srimujafing
e(onomk 8rc* rnd eren,uar rebounds ,n fenrt,t
iar:s Demos:aentr .rau ,n rhe 5 veaF pre(ed.ns ru2r
oemonstrare lhat rhe rotat fenrtiry Lre {TFR) rn some
counlnes has falten betow reptd(.menr tevels_rhe
mrnrmum B1e rcce$rq for Senerai,onaj rept.cemenr
or ure poputalron a:suminS no mrgraLjon_wiln noFuo€n,e ol ihE predicted rebound.. The reptacemenr
rFr€r u Sererrltv ar,epled lo )e a tFR otar least 2. t,Jllhougl rhe true repLcemenl tevet depends on he
sperrnc morlJllw rale and ser rruo al b,rrn in i
population." t w levels offertiliryhave rhe porential over

JllF pdrern< ot j.,oLrLe ,*. A(Lura,e e,umoter dno
ILrJre,oreidsrr ol Ic..hn rd,(j d,J rhc.r r1D..r or
pop' l. on age ,ne,"ro,. e,,"nu-r ,,,
r.,,i\ip" e pokrjd. Fronom.r anu seop"tjrj.".on'-(luen' e. cn,l ,o,,,lorm rhF Jet"t"pm", ro., flr. I r.
her'lth. envirunrnentrl, dnd ccorum( Dolilrrs

Arp!e\cnt en impor.anr,uur.u ot ,crrrl o e.rrr.rrs
and rurL,e ro,eusrs [o, Lo_r lnes.nd arer! rh,oLCt-ou.
he holld hJ" ree. rhe poplLr,on Dj\rsion ofrhe UNuepdr(Irenl o' trcnon)( rad So.Lt AttJ.r\, wn rhinosl re(enU\ produ.ed rhe 202l Rp\."ron o, vort.rr,opular.on Prospq.: lWtp 2012) The t \ popJ.,,run

ot pJrr teritr-) c,p nor (omp.rrl
wr'h,rre cuidelme" on A(cuGrF .no .ltun,p"r,nr
HeJirh Fnirdres RFporrjng lCAtHlR, \.alpnenr,r,
rnpurlcr , respei N nor.bt\. rhey oo 1or pr..iLle d_.

,ndp ,o, ..aIsi(d n.udFi. ur e^pl., I dcrr,s or . nr-.LL c! I r\.on or J!, Lrrn Fnt ot p.rn ar) dJ.r jcL,\,..
ruahe'nore ,hc \"ljd.N oi UN popLLlror Di\r..or
pro... tron. h"\ !pe1!tues. oneJ du" ro rhc ds.-n,pr,. n..
apDL,r! 'n tounrr c\ -\p{ren\.np .os pi$r...dnsr.u.
It r| ,1. d opp., I L"to" reoL,(m_,j. hv"t pre,,, L-
UN Population Division forecasts have assumed rhat..r .L.l .rr(u,,,..,r.... r....t.ry r"rc, a In.,c.n
ros"rd. rFplr-Fnr , ,p,-.s. 

.rn,, u pt l0l2 a". ,.r .,
.onvergence to a rare thal is r (ombinanon ofcountrv
"pn r. h..ror,,-l .ar"s dno rhe meJ, rJr. .n toqfertiliry counrries thrl h.ve experienced teniirtv
xr re",e. Thp WIrp 2u22 pr.tec,, gird .d, rr.rprr{ i,lfI{ evcn I Lo-nl,re. nr, I ave.ho"r
!,,rL.n rJ? rn*a A . (h -. so,.rn KorF., rnJ
rh"r " .d "., AlL\[o.,r.I. 

.r_u{lopl d..o.r Di.r.,r
Irlld..'i,' .: ul PharnracY'
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Evidence beforethk study
tr.e *p t95or. oroba. ".o 1dr,o-dtenimdres dro p.o,ect oa5
orl"vre'li h 

'nd 
cdroh have been p.odJreo a_o reo id, i

updo(d b. rhe Doo, tdr'on D, sion or rT JN Depan-err ot
r.oro-n and 5o( dlAhatr5. wirl tne mo)t rp.e1l rterarru,
be n! the2o22 Revuonofword poputation prospecB

rkr.alona dnd s io_dl o_erre.el\
wo.ldwide havea 50 been condu.ted byrhe Us cenrus sureau
sin.elhe 1960s, wtth e5r trates reponed I the Bureau,s
lntenationai Database More rccenr y, fertilitye5t maresand
prcj"o,ol.Ia,"oee- oe-e,dted b, rrw ttgen{e 1(e1re,o.
Damog.aol-ya-dG.ob" F--r. raprk.and bv rfeu oort
8 "dero.D.sed,"5 t.,1,e5."1oRtr.t&roEsiud/tcBDJ
an on9oii9, large<ah rcsearch enteerjse that syslematica[y
analyseswordwidedataroa$e$globaihealtht;e.ds p6i
estihaiesolfertilryhavebeenproducedaspanofGBDs G
70U d. d I t,'e.o.e!an, boseo or CsD t.o !s {qe f .,t

Add€d valueof this study
0l the erht .9 large{cate effon5 to Brimate wor dwide lrcnd,
in ferti it, only6BD anatyses are (ohptiant with rhe Guidet,nes
of A(lrate andTransparent Heakh Estihater Repon nq
(GAIHER) (atement Th sstudya so ncolPorates seve.at
inponhr hnoar,om mrroduced bvthe6BD poputat on
'oreo!Ln9 rudr b) vo,.d arroreaqLe.,.2020 tt at suopon
foreonoga<uey6F$mmr and prov de a frahewoi[ by
wh ch tosplore the mp-r of variou, policv (e.a oson
iert'liv parter.5 These methodrrn!lude bas,iq rhe6BDroFt4t 

T moo. ordTea.urco.to.odfe^,ry (onpteltu
(oL ol rpa,l Irdr "9.. o /ea- \LF5ol trr,ere, t\rhe i,noer
of.h ldre. born over nreto femates from asoeu6c(ohoft
wh'ch betEr.aplure5 onq-term (ho @5 peop e hate about
. L,ub.dinq-i-c 

^oe,dy,ng 
hd,n9. - td,en_thdloe\ L r

.la$i. per od-based measure of rotat fertitity rate; and
in(oporatinq measuresoffemaleedu.ation and mer need for
-oder .olnaeo,n a s , o\ a.ntes w'r (. ..pro\ e\ ac(u.d(,
d-d a io^\ ro moda t'9 a,rp, a. re,rp%.o, b?rn"!.q t".e,
o ihe,e ind.dror'-\o.Id.r too.T. modeh r1,l ^!.r, iJres
in count.ies (urcntly€xperien(in9 ow ferulity wlt tend to
r.reaseovertime,orthosethat ba,ethenprge(ionsonexped

tudgeaens. GBD ren',rv ro,e(d,1n9 aerhoo\ a.eq.ourded n
e^isr lq'ear.wor d "v oele "oo,, r"r.,,y o.n",i," ron9.
term.ohortsof fehalesandindalaon re atedeviden.e based
covanates such a5ed!.ationand (ontra(eption GBO 2021ha,
further improvedthe esrimation olpasr,.urenr, and future
fe,lility in lourimpodantway5 Fnsr, an addttionair4T slNey5,
21centuses, and 634 (ou.rry.yea6 of vitat andempt€
'egnrdr o.ddu wpre addco -or en,fdr or o.pas,en,tty
I rends se.ond. rmoolh,nq paramdeB for Bt manno oaren,lrvnerd)se,euoo.rpdroberre.ft 

avdtdbedd; Th,d,o
fu15q ap'ovespe.,,r.wa-d a. (u,arvor-Lr r? rel ry
p@Je.t@ns two add nona (ovaiaterwere rnduded thar
a(count fo, u.oani, N dpS.eorprec\popL,ar,orde +.tt tr.
hdbebleaed!r aloundq.5 monr,,ry 1 rheCo 50 aoo;l
.oua5. we 

"dded a o.o-.arr a re.n"r ve,.e.a,,oro,1p,D oo.,.,
h-e1Dld .rp^enr'o tr,n
'epld!eienr e!et Ba."o o1 ".1,t mer. ( de.,qred toe,a uate!016d\t'rgd(cu,dt) trrodptD.cs"lredh".eper'o,-edD.Eer
aaosallage goups.omparedw rh a (onstanrpredi.tron.

lmpliottons of att the avaitabt€ eviden(e
Ou past estimates andflture forecan, ndi(atethat fedlfy
'de5 rede4rn'n9 p,eaw-e.ea-o a.F prore,."d to.oir:iu( ro
dec'ea\eoverrhe.om'no e t!r) B/rtoO.{pestTalelr..
fenility.areswil bEbetowreptacementtevelinmorethan

95%ofthewor d'5 countrietand tEr torierb!t that nra,ked
dLDd.iti"\,r are!si' ema - OL.ro,eca\rsako)uqq"{ t.al
b/ 2l0O lrera,oer (on.e.fdr o.5 ort,vebrn-s wr[ 5r f1,!
low income setting5, parrkuta, yasubqtof .o!f tries and
te(itories i sub-SaharanAfri(a, whkh areamonq rhe mon
/"lne,r'brelop(orm("aoe. r'.onm"nrar.hdtenqes E.t r_e
5h hs n the global d6tr b!Lon of t vebrnhs (an be Darr]aitv
areliobFdb|mp'o!"d,emaE-(ar."a d ;r*"o'r_,
modern co.na.epuon. Ourride of rhi5 sub5er o{ low-in.ome
a.eas, most of theworldscountr eswilexperie..ethe
repe(uss on5 of low f€..ithy, with.getnq popuhtions,
de.l",i9wo'kto,.es and -venedpopurar,o.pyrd-o. wh(h
areliteytoleadtoprotu!.d 6s.at e.onoo/. a.d soL a
conseqlen.es Nationa po ky make6 aid thegtoba heatrh
community mlst p an toaddres5thesed v ded setsof
demographic challeng6 emergiig worldwide

modeisd,.basuonrtR$hi\hr.JperjurD,ea.u.e of.trFrnaUveputc,.retd,,.-,cnrnojorvrhiro,rvp,!ul
and rhc,etb! doe: nor dc.ounr ro, chanee.trpr ,,oe ir renrriq, rhe ds ci;, i,,,",,1,*.,.i"*rr".r,,*rerrr,tv rkhr\ ou,\ Fo, ex,mpre in s"enrngs where h", ,i-'il;J*ia;;;""r".iili;,:,,,.,,", 

",,lcrtrLn ,ares r otd.r womer, ,nG.a,e a," r. ,'r",,de+ rrrh. r,r *.,," ""a"..1i.;;:,il;: i:::;,il.,:;:::l:'l;:iil::i:,';,,":,.-;;,:"",:Io,ecaes Re ranLe on TFR !an atso lead 16 shnn.
nu.,L.ron',, "",,;.;;;;;;i';;,;:;"1,xu"'(-rm 

i'culd' bc"' sr're he L'0s 8'o;' dno recro-r
esDe.i, v ,m^."fi,r . I e lenrtnr forccar. ha\e,tso teen Senerareo Dy rhe Wortdspeciary impadrur iD count.ies with r"" i;tx, ;;;;ilff;","e;;ffiJ::1"t::ffi:i?ljnx.;:X
rates.rr Moreover, their projectjons for€cast TFR s

*l*.*;im;ffi :9i','.Til:i.:x":1fl mr..""*11:;:.#,,, :"".:,#,J"liWl+H{5}.:}ifi*J,ffito\ B-a rr5/,

*N-l::erg. yv":'//ra

RXgff!NW,i.-v
sllOORL

p, {::I9 l).,...r11[ ii!'1 P )
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,ssumprion\ jnformeo b\ erpel oprnions rrom J1o.!sr\ As I tdemosraphic scientists t; #dtr ;i;;,,;;*:;:l llll'l-ilf, "i " consequence' cBD 202i esiimatts
rales.,,., :o predicl furure i€rtrhr) sulerde all p,evious;sbmates. cgo zozt "r,i.*irhe crob,r Burden of D,\e,\e\. Inru es. "", -,.|. *":'j;ll:1;t''crlnremaresbetwftnas"'rov.""l,,irrton srrdy lceo) n an ongorng, rarge.scale research 21 resrons and le)rmtries 

and tehitories grouped hk)
enterprise that charicterises u. rl,n, nr"r^Ln L-n,L r... --r . ven suPerrcgions' cBD regions are
esrimahng key 

""...'l,.:,:,-rl{:ii*;;;:l:";j ;#,Ji.,,,"; .;::,,:fi J*"-::i[:$,,i,";,,j.::I ar.onJ tevets. - Begnning wr.h ,t-e 2017 c BD . \.tp p",, il.:.l;;l";],,:;
.rrd .unenr ren r n es ri"re. pene,"?d rs ,",, "/;. ;,,' ,,:: ;i,;::il";":;fiij,l# l:iiHrJ"t.r,1*cBD analrlic rramework were-published. , d.r"," ,r,,i, h;;;,."..ho*; ,, ,ppendix 1 (tabre s1). cBD 2021iliff[*f j*,yl::j:r,,., ,.*" **" *"r.. ;.;;;;;" ";;;* "r,rore,,un,,000 co,]aboraro,s
:;:;";;#ilfi ,::,:,,J:',jt*if 

i":""iifi:iif tH''.;:i";tit;.T:;::{*:}F;iiii:nori"Lrv. ltF e\pecrancv dd popuh.on mea$r* in d erim.r\ Ior even \eJ, troh r,r50 ro .,02t ,nd torecJ.rspuL'ic.rion lo.used on o\pru,, ae. og apti. *,r."", : ,,," rr"'"' "'',
and cBD.bas.d ro.<xt. or popuiarion 

",q r*,r,,y -'ri," 
.*r,odj us€d ro produce fenitity estnnates tiomup to 2100 were reponed.\elar*ly by vouser d rrio-," joii.i.*rr ralowdd rhose ot cBD 2019,,colleagues in 2020'' GBD fenilrtv estrmates are based o, v"*"ar ,"J ,. e""".atc icrtiiir] forccasts ro 2100 w.(,dedr ddtJ and rethods Jppt\,, g a srnd",djs.d approrlr, fr,.*.,, -"".,".i.,providlngpubricryavairab'ie-a". v"u.*_aii."g;; ;;;;;.ffi ;:1X1.Hi::lil,;i'TJ:lrlliaddressed some orthe exisring s*es,reguaing thJu; .;il;;;;,:;.,: .ethods have been peerrcliewedof TFR ,n rhe mod..tjre pro(e., t, a*.toping "" ",.,pi",,",.Cao,"-.o("r.d.spJrror.hpp.erre,. ,,nriture ror Hedhh Mern,s -,d rv.ruJ.ion iru\rt p,",..*.", iirl],r.. r,". *" p,o,,a. ." o,"^ * .rorec"sl ,E nooet trced rserd.on .omp.er.d cohor; im .""h.i."*,r.a" emprd.i. o,, ,re n,,., ,hd.o.,terit,ry,r dse 50 ve"n rccFr0 .r,. 

",."g. ",.*, ", .,...,.i,iii,,0,r,,"a rre /0r0 {Ld} Dr vo..,er ., J,h,rd,e,,borro,p,ump,ore."*...,+",n"Jr,,,,:;i;,8;;..;,;.1".".rrdrpn.\pdcr.o.ono, 
,r,..ohon, D (Jp,ur (ra1se o\e.hne r. ",i ; ;;:;;i*1",",,""a"1,,", C;;;;;,-,1 #lJj ;

.Tll:1T,,;i:;iil,::,i::j..r."r.".a,.,,"r"ienii,n,,,""a.",ilil","".,.ra""ko,.p"crn,d,rarnpur,,*"' :;;i;u;:;t ,;;;.;;i;;T;;:i"-jjj*l:;:i':"::i*:l':[ a((p!5ne'|n'Ious rhe!BD\o,!es]u'

:"?li:T::,ff:ff::"!."Ti:y;".j[;:j:n:::t.:, 
3i1::.,";:1,Iii""J,",:;i:j,", ,,..,.," a d (.mph er_as ,een me, {,rh modra,vm,.,epr,(.",h"d.; ,; ;,,"-";.,i.;;il,i.1"0",,". a..,rdinB ,o .rr asr ".befle, Inronn rellh e$,mo,es ond iaL,tjL.e cxpjoa,o" -,r,",..i".r""i,,o,nlom..ou,(,e.dndje,n,o..F.or artemarive rurure kenarq *.*",..a *r, if;- ;;;,;";:,,,:,",,,bre rrom hish.quariry vltalachjelemenr or uN susrainJbLe o*a"p-.", c""i, ;;;;1,";;; ffi., bur in many rowerinconrelSDc,' retrled roeduc.uo, and.o,nrr.pn,,"" ^:- _ -- , . "

rhe presen, cBD zoJi*ai iJ.',l,"'"" r",,,,, ::IJil;:,:,ilifi:lll'iil,lil!.i,,i"".:,i,liii:i,,ill.,lT,ll,
metrics' presenting past estimates (1950-2021) alonS --rr* -i ,,,.,,"" rrrnh hisrories in censuses Jndwirh forecasrs up to 2100 Resurts $ere improvcd sn.; r,*J-d.,-.:r,.'i"rtilitl rates trom vitar reshrrarjoncBD 201e and the 2020 studv by vo rr and .u[asue, J.; ;;; ;;","d as obseryed bjnhs djvn]cd r,"by incorporatins newly avaihbru dehosruphtr dara-i; ;;p,,,,,;; ;;,i; ;;;il;:J ;;:;.i,,:;rhrouBh r.y merhodojou""r 

"a"*.".'.ni. p"p"; ;il;;;;",;;;;;;;psedr,omrhcava,rabremicrodara
p,ovidc. a n,eh.teret o ..a or ou, 1 ,,s. .u" ,,.t,,,"pr" "",cil..ppr,eJ.! t"..rl_r.d dts(.,p,.n.anti'ipate that thc results wir Dro\rde,nnSrrs for porrll rc,t,t,rv."tu. tasinstrnd n umber of childlen ever born,

;ij:J;:#:]:T"il'*:' '-r '" 
*rp pr"" '* 'r"p: ;"';' ; :"i': ';';,r:'d, \npnon or oi,r qee,',ns ,d

,"t"ii.ii""'" 
*- /' rdc'ormoasd(""'""' 

;J::;;;,'*l;:;,;:1".:1,,,";i;:l,l:i;;:]:irhis paper was produced r\.prrr of the cBD r., i",li". ,J l,i:r. yea,s for rhe period berwcen. corLbo,rror rerork "no rn:ccoro,n.. w,rh.re ctsD i;i0 ";;;i;..;;", o, .1u,... b, .o,Jao. .nd L,Protocot , 
year can be found i! append* I rables Sr.!d Sa) Ar rhe

Methods nsriomt"levet,,we obtained 6680 uni<tue country source.
yeais of vitil re8isrration data. with an i;dri,ona

CBD round,
29, oJnrru.sou(e.rF s otd,ra trom sampte resrsrr.r.on
sy.iems. we rdd.uonatr Fxrrd,red dau ou pen;d AstR,
or aleDge numA of (hitd,cn e\(. born rro,n ,L^.\.
and c",6us, rIi,l ieroed 7lt.omp,.re b.rm h.sro,,;\

I l- PrmcrDil
I l/nanrc lnstiture of Phennic}\)

g

flG$"q)W.";/

from 1950 up

I
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8'9 sur.n.q b. h hr.rones. Jnd /8 unctas\i6ed turm.
or. . brrth h \rone. (deGik Jre rr Jnppndj\ l
hbles St and 54)

Th,oLgl.oLr r-e .orF.r.lrnF n odr rlg proip.rel q.
L.ed fcm"le cdL(J on Lnd"rr monJl ; n(r nero rol
coniraccptive use, and popuhtion density in habrtableJrer. as co\Jriees. Dela.h of ihese Lovanales are
available n appendix 1(seclion 1.1).

Ferrility f rom lgSo t;021
CBD 2021 estimates ot fenjtity m.trics between
l9s0 / 

'd 
./0,, I scre Lred on r sslemrl.c ! nthprr. or dll

rrorldbte de." ior "ll CBD ocarions the .epit lF limJr.on pJo.e5. \d: ..oselv Lonne ed ro para (,.
conLorddnr tuooe ,ns ot poputJnon ard monariiy wirh
pop"ulnror 4Um.ka ued rFrarivety to Sen.rate.npuaro i-rrilih F Trror iode|" Jnd v!; ve,\d..GBD
mctlods e desigrcd ro ecou.r for thc dilcrsity ofdab
avaihble a.d rhe di,Ieient biases inherent tn various dara$1ft^. urrh . r..tor, rsFo d.ri p,ocersrnE Jnd d-,asrllhc.b steps 

^.ounr tor tno*n
biases, missine data, and hererogeneous measuremenr
metrics used across data sources. Estimation of fenilit!
rdp.,l,er{een rrr0 "nq 2Oll ro, femrle! ege, to_5d )eaFlargF\ Io 

-owFd 
rhe n,erhoor used n CBb 2019, F,Lr

ASFRS weF psrrm".-d ror sredr a8p groups bFueen
l\ \eah ond u5rng Jge{perrhL \ dl
regrsrrahon and comptele birth history dara. Tlese
results were used to sptii alt.age data f.om ,,tat
,e8,sr'otion suhmdrr rtrL1 hislory dnd o.hFr souftes
rnlo A5FRs .nd dren ",rofier modet was fi. lo esr.mdre
ASl8. J.rnB hp odg.rdj age{pe.ihc ASFR d"a tron
', " reBF,-"ron ILt co,1pt"rc b,,rh h.\.ory rtong s n
th".e "Be..ptir drL. \"^r we $rer.o, o tt e,e r, ,m" .* .o
lhe rBe gj. JD( of t0- 14 \ears Jnd 50_5a \eaL Leng odrJ
lron rhese age. ar o rdLcpn- agF groups lin..ty. Ast
esr mJtes were u(ed ro .dt.ujdtp .lFR. 

A sJmmary of
lhe:e mFrhod.loloq.. w h r Lomprehpnsi\. des.Iprio,
pro!ided rn appendu r (rection 2l

To esl,m"re AstR" b\ i.ve".ag- S,oups to, femrtes
aged ls at \.r ". s. rmptLn.nrco nrrcd.cflF.r,

atbtnmenl as a (o\an{e, except rn the hjehrncome
supeFregron, and random inlerccprs ror ea; to.anon
sourle. Afte. run1rng rnese n,j\ed.efle(ls modeh. we
corrected for systemalic ditrerences across data sources
br selecung a reference source for ea(h tocarion Jnd
aotusung oh.r sourccs based on tlerr discrepdn() fiom
me reterence source Lasr. r sprnoremporal caussun
pro(ess regression (STCpRJwas used ro smoorh AStRs
ecross locahon and fime prodJ!,nB 6nat poinr eshmale(
and unceftainry rntenrts (Utt.

Firsr.round ASFR eirimrtps were gene,a,ed from lhis
mod€lling approa(h using aSe.specrfi( vita. resislrdnon
ano comptete binh hjsrory daL. To spt I rorat brnn d.la
,rom !1lal regbrranon dau sJmmary brnh hislone,, and
other eources inio ASFFs. we (at(uiated rhe ratio ot the
peng implied byeaLh iolajbrdh data sou(e ro lhe panry
estimated in this first.round ASFR model. This ratio w.s
then multiplied by the estimared ASFRS from fie IiKr,
rornd model. Thele Jge{ptrr dJc were rntorporJred ri.o
a sfrond round ot esr.mafion for edch lorJrion usrnS tle
same modelhnS approaLh described ea,Ler To senerJrecsr,males ror Jges tG-14 y€aF and 50_5a years, we
estrmated the ralro of ASFR to the adldcenl ape Eroupusing all a,arlable dard. fien applied rhese ran"or ro rhe
second.round ASFR estimdle<. We used a msed.efecls
regiession modei ro estim e to(arion*pe(r6c rclrDs ,or
ages t0-1. )eers, wheras we (at(ut.led the averase ,alio
elro$ all loLa ons tor eCes 50_5a yerrs. Frnd|v Ti R was
calculated by multiptlrnS rhe ASFRs from e;ch >.verr
age Sroup by 6veand sJmm.ng.

F€rtilityforc(asting
We produced ro,eLasrs or fertilrry urrrs rn uDd ed
rnodelling irame*ori lappendix I secr.on 3i .ru
rmpro\rd on the merhods in the 2020 sluoy b) Voll,el
and colleagues.. In our updaled mer}ods. we u"ed no(
only estrmales of femate educa.lon.j afllinment and
conE{epnve mer med (o\"riares. bLrt aho estrmates
or under5 mortrliry and popJtction densiry rn habrlabte
area Io accoun, lor a hrge' variation in CCFr0 acro.s aI
counbies in the sub,models (append; 1 section l.r,
appendix 2 fi€ure 52). Sinrila. to Vollset aDd co eagues,
we(onrinLed rv rore(dr ti-rrtrq qrh CCF,0 rather Lh.1
1l H because nodel rng rn .ohon spa.e is more rabic
lhan_in penod sp.re. Fo- this anaty.rs we used pdcr
CCF50 esr maPs for nnh Lohons rrom lqa5 ro t9l2 to
rorec"sr CCl50 up ro re 2085 birlh.ohon ot temdlps
fblloqed ,y predlcung ASFR tor ea(n !)ear cle inle^dj
ai J proporlion of CCI5U. CCt5u 

"a. oe6n-"a o. rhe
average number or. h,,oren born ro,i rnd vrdu,t fem,te
rom an obseRed binh Lohon (indexcd by year ofbtrrt,
irshe li!ed to rhe end of her reproductire lfespan rages
15-49 ye"rs). CCF50 was toreirsr usrng an ensemtte

reg,e'sron rodpt. Jr.g bounded og,l{ASFq) as lnF
odtme. The l0-2c\edrs age Broup w.s es.jm"red 6,.1
and rhe.e esrimale" were used lo modet lne remainrnS
age.groups Both "ers of models were 6i sepJralet) lo;
'nc 

n.gn,ncome. sub.Sahrran Afrtra "nd cenlrat tu,upe.
ea(ern Europe. and cen.rat Asrd sLperregrons lo accounr
,or dr,teren,es.n le,etanonships berween -he A5tR oi
he.2G-24 F"B age group dnd rhci ot orher dge gruJps
AsIRs rn rhe 20 2. vea6,ge eroLp werc mod;tj;o wrrlr
rFnale edrc"nonaI"ru nmenI dsd cova ale and random
inteicepts foi-each loation source. Theni we selarately
modelhd AsIR, i" ,h",".r,,i,8 

"g" 
g.",p;;;;;;r) rears anfrlters Lsins a hneer sptrae on rhe

lo
modellins approach wittr rhree equaity".vetghied sub.

(with two, three, and four;o"i.i""ri i" *t i.i,
-model unl,sed the M R.BRT (meta+esression_
, regulerised, rrmmedl root.,r For exampje th(
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In the pro.naral scenrrio we assLrmad a (ounEy {4I
'nhoduce 

pro-natal pohcps. such as childcare subsdies,
.xrended paientat lerle iDsuran.e

., nrJerility treatnrent,,, aDd other
p!rents to afir{d hl8h.!Lrlit! ,kiLt_1___jyjl!4!\

fourlo!.rare ,ub.modet sJs rep,esenrcd by rhe
following equarion:

logtt t" , ,,)(CCF 5ot )-Ba+ sptibe kducatio,t ) \Bt
+ het b.ed, x B,

+ uhdrr _5 boftalith x Br

+ populotian density pet hdbitobte arealB.

where CCFto is scated fronr more than 0.7 to tess tl]an
10, dnd mod.l.ed in tog.r spJLe ,o, to.Jtron ll) Io(ohon {.,. p rs an jnrerepr. p a r \eLror of he sptrre
coefficienrs of femaie educationat atuinment cova.iate.
B, is a slopeon proportion ofmet need for contaception,
0 B.,.lope o, under) nona,n. p ., ",,.;" ",oopuLrjor' den, h rr hdLrrbh J.rqj JnJ r rr " rerroJal
term- Furrhe. details are provided in appendir l
(section 1.2. 6gure St).

From forecast CC[50, we then derived ASFR forecasts
io rnF \eds z0l2,o 2l0O u.rnC " Lombrnaaon oti near
mued.€fle.rs modet. sptrne rnrprpoL.lon Jno qn
JJloragr-.. \e rn e8!rted moqnc averd8e (ARIVA,
fodet lt 0 0r on residu,.r lo p<r.mare (nF J8p pa.lerl ol
re trtrrv lor ea.h (ohofl. On.e ASFR v"lJe. ror de.s
15-49 yea6 were obtained, we infured ihe AsfR vatues
lo li,e lG-14\eah Jnd io_t4 ver6 Jge groups bJseo on
lhe.r r.rios ro rhe resr or tne agp pdrrer durng rhe .d-r
ob.ened vear lr02t,. Singte.yeaj oee .rreruat ASFRs
wFr. \unn.d oler r cBe" ju yre,tl lhe TIR ,-r eaLn
Lalendar year lappcndr{ I se.rrun I l

We also produced fertillty forecasts for four atternative
scenarios applied to .I 204 counlries and teritoriesfter \en.rio. c\pto.e sh.rrnB r^re(rsl \rtues or
No known dnve,s ot.enrt.1 ledl.dlro. dnd n el neeo
lor lonn epri\a) rs {ett as r prop pro I erd. pol., y.
Vore spe(,h,"th. rhe s.e.ano. ,n..uded $.,€ rne LN
SDC rarget 4.1 for educano! is achieled by 2010; the
conrra."prive mer neFo sDC rdre.t j.- . .chreved
br 20j0: pro.rDkt potL.c, rr .nd.red rhdr LreJre!rpponi.e en\rro.menrc ro! rho.e sno sr\e u.rrl and'rc pre\,ous Lh,-e ,.e1arios LomL,led {hore deraits dre
provided in appendix 1 se.tion 3.4). [or the educalion
SDG sc,nd o. lhe to,eccst. ds.Lrre rhJt ry ,,0.i0, "
F ople B,ll hde u \err or frure or rdL(dron L\ r1e dec
of25 yeare and rhen mainta,ns thc sane rete ofchan;e
as the reference scenario up to 2100. For th€ contaceptive
mel need scenario, to reflect the SDC scenario of
urri\.,'J ".(ess rhe rorrcasls r,>umed q trner. rn. redre. io contraceplive covera8e lo rea.h 100% by20tOrDd then
stay.onsrant up to 2100.

rrn.mphonc on d1r efl.crs ot surh potrL.es r[sr, se
"sum.d rhe tuil efleq of pro.raLt po.j.,e, wlt rF ro
.1, Fd\" TrR bv 0 ,) Se..rd. I q,t L.e r ]cds "ticr d e
porro n inlodu\ed for,tr i-.t rntr.J,e.n llR u o..,-,
Jnd Il-R qril n.F Lnc,r r orer rn"..rme.p"n to.r s
"su,ncJ rtrd borh rtu oo o.s Jao rhr rn,n"' rn
TFR by 0.2 will endure for the remainder ofthe centu,l-
For each pio-natal year, the TFR rnoease was distribur.d
p,ooo.ronaliL amolB h( s.ng'e.ve". 

"ee" &.o,d.n8 o,l,eD rpl"r.nte ror.ds ASFB vatLe- Ttrp pron"rJl
r.pn" . p,."mda. rpre draw I Iror previoL.ty ob.eNF Irr(-..F, n TIR r'rr.or..,ded w.t p,o.1.rcl po. . .s Jrd
L,o"der ernDi.r". Fqtlpn,F reedro.nE Ffle(r. ur oio.n"r",
policies in low-faftilir) .onrerls. Fudherdetaits on the Dr..
'c.l ,Li n"nu.j, h.tou,J.. Jppeno.lr.,Lr.. {. J,

'n rhc romlnn"d ,.en. o $p apDti..r rnL
d,o''.n, r'unFd ,h"r g". .o ,5, \ovJ.rdle tu.-,J.c.,i'.,1L,@ur\ $ t,{., "s.rd,,.,8 rn) werphr. hF.".,.,
'h,-c . or'"nJr.. sr'( Jl.e"dy p,-.jedd,.u ,i .,ur r,.,u.l
and the coemoents for each covariate were cat(ulated
based on rhe obseNed dara.

68D2021updatet
To estinrare ASFRs fionr tr50 to 2021, CBD 2021 adde,j
lc7 srlr\c. rl .ensu.es dnd ut! (ounto yerr. ol\tr..
dnd vmple rpg s.rcr,on dr.a.ornpJred u h CBD 20t,lo a rorJl ol l4)5 . 8-0o -oL, I ).yea^ ofvital and sample registratio| data, and 150 orher.oun,: Mc.hod, "ere upd.rcd io. CBD 20.,t ry
. t,nB. ts rh" t,me u,..Bh, .r ST C rR ro -,e r b,{" o,1,. )lur..r.,n. u, st (t. h.pcrpr,-n,ei.,, {e,( cssjsn(o L)\rl
on r rdl, . or "v"rla,l. dcrJ ,or,... "nd he;,.Tt,,,.1
avaihble datapoints. Thrs bener accounred Ibr increased
dJ,r a\J L)lirr trl.r.h mproLed pr.. s.on and p. ,tj,.., o
no.e phr.,l,le r.ne r-nd,.omp",eds hctsdrur.,

Upd" "s r, rnp rFr.I toreLc r-s mF.tod. rtr,r
'ntroduced 

in $e 2020 srudy by Vollset and co eagues.
ur.luded the incorpomtion of rwo new colariares ,n rhe
C(i-50 nodel nameh. rndF..) n,oaJ,. ) J1d popL.ar.on
dFrrrl rn hdbirJble -re ^-,n addi,.on .o,hoce D,e\ o,rs )
rseo lE.rFio.-poJ!arrojra drL,r Ten." jd.onra,Fp.j\e
met nred). Furthenhore, the cu.renl it..!tion ot.rh.
lH[4t hodel employed a linear lixed.effecr model to
forecast s.Iear ASFRs, which wen ht.rpo[red to tlear
est,matcs using an ARIMA model on the residu.ts to
quaDhiy varirtion nor crplajned by thc.ova.at.s.

(omparlron with other mod€ts
Wp ddluJreo rre tHMt I-rr.'rr) ror",,.urA,r,oo..l
pc,1.,., Fn, p b,rd u., our u.^-r p. ored..,r,.hJi.,6
the valldation period 2007-2r. we used lhe tollo{urg sklrr.ll.. 'or m"oet F\r,u. or ".d (onp,,r.on l.FF
Jppe.d ! I secnu. r.b lu, nro,r detait:)

A4sElBayLint Fpfiuipal

/N l"-",llilt;ffiilr*'
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liE 6sDeo2i ruberuroskcolobo,o,06'

an obsenel45 500 de2ths, conesponding lo 5340 {40701o 6920) fewer deathsiin 2021, 39600 {38300 to 41100) de'thr

>50 yearg having the slowesl prog,€ss. As countries

@l@ol O Global, regional, and national age-specific Progress'' 
towardsthe 2O2O milestonesoftheWHO EndTB Strategy:

a systematic analysis for the Global Burden of Disease Study
2027

Summary
Ba<lgrcund Global €valuarions of lhe progress towards ihe WHO End TB St.aleg 2020 inlerim mileslones on

mortalit/ (35% reduction) and incidenc€ (20% reduction) have nol ben ase sP€.i6c- We aimed to assess global,

regional, and n.donal.level l,urd€ns of.nd trerds in lul,erculosis and its risk faciors across five sePa.ale age grouPs

from 1990lo 2021, and to.eport on agsspecific progress between 2015 and 2020.

Methodr we used the Global Burden of Diseass, lnjuries, and Risk Factors study 2021 (cBD 2021) analvtk.l
framework to compule age.sp(i6c tulrerculosis mortality and incidence estimates for 204 counlries and terilories
(r99G-2021 iDclusive). We quaDtified tuber.ulosis mortality amo.g indiYiduls without HIV co_infection using

22601 siteyears oflilal regislration data, 1718 sitsyears ofyerbal artopsy dat!, E25 site-ve.B ofsamPle-based vitrl
regktration data, 680 sile-yqrs of modality suneillance data, ard 9 sile'yeaF of minimalll invasive tissue sample

(MITS) diagnos€s .lata as inputs into th€ cause of Dealh Ensemble modelling Platform. Age_speci6( Hlv aDd

tub€rculosis doths were eslatlished wilh a population atlribulable fraclion aPproa(h We analvsed all available

population.based data sources, in.luding pr€valence suNeys, annual case notificalions, tuberculin sunevs, and

tuberculosis mort3lit|, in DrsNlod-MR 2.1 ro Produce internally (onsislenl age'sptrifi( eslimates of tuller'ulosis

incidetre. prevalencc and monrl,h. We ako esrrmated age'specific tuberculosis mortalilv without HIv "'infe'tion
that is anributable ro fie independent a nd combined effects of three risk f:ctors (shokins, ;](ohol use a nd d iabetes).

As a se.ondary analysk, we atamined lhe Potential impact of ihe COYID'l9 Pandemic on tuberculos; mort lily

withoul Hlv co.infetion by companng expecled tuber.ulosis deaths, modelled with trends in tuberculosis de'lhs

tiom 2015 to 2019 in vilal reglsrr.lion data, with olrsened tuberculosis deaths in 2020 and 2021 for .ou.hies wilh

ava ilable .au se.s pecific noriality data.

Findinqs We estimated ,.40 million {9t% uDcertainty inted.l lull E 36 to 10 5) hlberculosis incidenr "n's 
rnd

1.35;ilion 0. zl to 1i52)deaths due to ruberculosis in 2021. Ar rhe global lelel the all-age tuber(ulosis in'ide"e
rate declined by 6 26% (5 . 27 lo 7 . 25) lretweetr 2015 and 2020 (the WH O End TB straleg evelution Pe.iod)' 15 of
204 countiies achi*ed a 20% decrease in.ll_ase tub€rculosis ilcidence between 20'15 and 2020, eighl ofwhi'h were

in western sut-saharan Atrica. When stratified bI ag€, global rul,erculosis incidence rares decreased br l6't%
(14.8 ro 1s 4) in (hildren younger than 5 years, 16 2% (14 2 to U 9) in thos€ aged 5-14 years,6 29% (5 05 to 7 70)

in tnose agej ts-+l yean. S.7i% (4.02 to7.39)in rhose ased 50-69 vea6 aod 8 48% (6' 74 to r0'4) in rhose aged

70 years a;d older, fronl 2ort to 2020. Glolral luberculosis dealhs decreased bv 1-1 9% 15 77 to 1? 0) froo' 2015 lo

2020. U couDtries a$ained a 35% reduclion in deaths due to tuber(ulosis belwftD 2015 and 2020 mostofwhi'h were

in eastern Europe (six courrtries) a.d tentral Eu.oPe (four (ounlries). Th€re was variabl€ Prosress bv age: a 35 3%

(26 7 ro al 7) decrease in ruberculosis d€aths in children younser than 5 )ea6, a 29 5% (2s s to la 1) decrease in

ihoseaged 5ilayears, a 15 2% (10.0 to20'2)d6rerse in those aged 15-49 veac,a 7'97% (0 472to14 1)decreasein

tt'o." 
"!"a 

So+o yu"*, 
"nd 

a ..29% l-5'56 ro 9 07) dec.ease in those ased 70 vears and older' Removing rhe

combi.ed e6ects oi rfre threc .itdburable rist factoB *ould hale reduced ihe number of all'age tuber.ulosis deaths

from l l9 million (1.26 to 1.54)ro 1'00 million (0'703 to 1'23)ir 2020' represeniin8 a 36' t% (21' 5lo 54'8)rcduclion

intuber.ulosisdeathscompaledtothoseobserveditr20154lcounlrieswereiNludediioulanalysisoflheimPacl
ofthecovlD.lgPandemi.ontubel.ulosisdeathswithoulHlvCo.infe.tioni42020,andz0countries*€rcin.luded

. in tbe.nalysis fo; 202r. ln 2020, 50 900 (95% cl 49700 ro 52400) deaths were.xpected across all ages' 
'ompared 

ro

000 dearhs, .odesponding to 657 (-713 lo 2180) fewer

burd€n of tuber.ulosis in lht past decrde, dre

nd TB Strategy in 2020. The pace oldeclinc hai b.etr

INDORE (M.II)
lracyr

wwrh. dndtumr ^rtu' 
oi vdl14 ,uly Tora

/D
A

\

-sv

182



IArticles

reline their ulional tuberculosis progr.mnes and recalibrate for achieving the 2015 targets, thq could consider
Ie.rning from the st.alegies of countries thata.hieved the 2020 milenones, as wellas consider rargered inrenentions
lo improle out.omes in older age Sroups.

Funding Bill& Melinda cales foundation.

Copyright @ 2024 The Author(s). Published by Elsevier Lrd. This is an Open Access ani.le under the CC BY

lntroduction
Desprte being i preventible ard hrgely curabb disease.
tubercuiosis remlins a major coDlribuloi to thr global
burden of disease. Tuberculosis causes more tlan
r million deaths annually and was the leading cause ol

Evidence hefore thi5 study
l. the@ntextoItheWNO EndTB Strategr, rveclgroups have

geneatedestimatesoftube.culos s lncldence and moria ty,

in( !dingtheWH0 6loballube.c!los s ProgDmme andthe
GlobalB(denof Diseases,l.j!ri€s,andR5kFado6study
(GBD), to monito, global and nat oial-level prog,e* towards

eliminat ngtube(u osii 2020 marked acuc alyeaifor
cvaluating progre$ asthe frrtt quant tat ve milenonesofthe
EndIE Strategypassed We searched PubMedwnhthese .h
ning'("tuberc!loii5"OR'TB'lAN0('burden"OR"estimates")
AND ("EndTB")AND ('target'"OR "m estone")", with .o
lanq!aqe resti.tions, for publi(ationr fromlan 1, 2015, to
De.1,2023 0ur5ear.h ident 6ed5even nud es presenring

Popllat on-basedtuber.ulosf burden est mate5 to a5se$

Progrerstowards the EndTB tarqetsfor slbsetsof cou.tries; of
these, onlyonenudy examined ditrere.@s in progrc$ byage

The5inglestudy.nalysing progre$ by age used GBD 2019

lube(ulosis esumates to evaluate tempora kends i.
Cambodia Additionall, the 2022 Global Tube(u osir Repon

lromWHo llustratedthattubercu osirdeathsdeceased by

only5.9%, whilethetube(ulosis in(idence Ete dropped by

10%,between2015and2021, fallingwel thortof thetargeted

milertones lowever, a5yet,.o9 obal, sy(emat c, ageipec fc
srldyhasbendoietoi.v$tigateprogresiow dsthe
2020 EndIB 5trategy mortalityand in(idence milestones,

which outlined a 35% reduction intuberc!losisdeathsand

20% reduction in thetlbercuios s nclden(e rate between 2015

and2020, w th add t onala$es5ment5 ofthe @h of key r 5k

facbc in a(h evingthese miestones.

Addedvalueof thitstudy
We comprehens vely examined the b!rden of tuberc! osis for
6ve 5pparateago g'o!p5 in 204 counnie5andtertori.sfom
1990to 2021 Weloicu5edoneramrningtempo.a lrend5 rn

tuberc!lo5ls in( dence and moftalityfrom 2015to 2020to
a$e$ global pro9re$ towards the End TB s&ategy mileltones,

with an empha5ison exploring proqes byageforthe
fidrime w.ahopre5entage'spe.i6., r sk'deleted moda iry

dealh due lo a single nrfe.lious ag.nt u 2019 ' Snrce the
early 1990s global iniljatives to addiess tubercrlosrs
have grown more pronrinerrt, resulting in dedihes nr rhe
globalburden ofthis disease.r Recent progress has be€n

unjmpressive, however. as global annual rates ofdrcline

fado6 were removed, to provide insiqhts i.tothe role of
address i9 sk fadou in a(hiev n9 the EndTBtaqets. Lan,

weanay5edvita regisnalondataony(2015 2ll.dusive)to
as5e$the poteftial impactof thec0vlD 19 pandemi(on

age{p(i6c t!berculos s mortality in countries with available

lmplicatiois of all th€ :vailable evidence

6lobai ruberc!losis.ontrol programme5 cou d cof sider do5ely

examiningthe 15 co!n[ esthat achievedthe2020 nciden.e,

oi estoneandthe 17(ounk erthat a(hievedthe 2020
moda lty m lestone, manyolwhichwerc in western

tubJaharanAfi(a and eanem Eurcpe, to better unde6tand

drive6 of lheir marked progre$. Many olthese (ountrles have

lmplemented nnovative approa<hes to active.a5e 6ndlnq

while implementi.g soc al protedion ntetuentonssu.has
advan(edtube(ul05issutoe an.e in h ghaBkareas and
(ononic in(enuv$ for patienB. We observed uneq!al
p'09'e$ b/ age I'oLpsa d iould pali(r a,lv slow p'09'e$,n
redu.ing theiuber@losis burdei in olde' adults (a9ed

>50yea6),indicatingthattub.r(ul05is nihi5agegro!p5houd
be mo'e w'dery,e(ognised and.o. !o'ed !oa(l'ie/ewFO!
2035 EndTB Snategytargetr.0ne approach for redu(in9

thetlbe(ulosisburden no deraduhrandach evingthe 2015

I rd I 3 t" ges 6 addEs.g rr fero t for r(bei' r,onr O'
as5e$ment of risk'de eted mortality su99e5t5 that the world

would have ach evedthe2020 EndTB mortahy milestone,

wiih a36%,eductlon in globaltubetulor r deaths and the
laSest be-e.t5 

'n 
olde, ad. G.,f_he 

' 
rl ra(to6of!mo[.g

a coholuse. and diabetes were .emoved Although.ohP ete

e m natio. ot5u(h r 5kfacto6 it h ghiyunlik€ly, this

a$c5sment ilLu5trate! the mag.itude of potentia

improvement Finaly, ourse(ondary ana ys s ofcolruierw rh
.ompletevna regBtratondatashowedvariabe nrpadsolrhe
c0V D'19 pandemkontube(ulos6 mortality in 2020 and

2021; some co!ntries and a9e groups reported law.rlhan

lndore Inst;lute of Pharmacy,
INDORE (I\'.P)

deaths due to tube(ulosi5 that wo!ld

lt[rdE to tub.(u osis, whe,ea5 othe6 ,epond 
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in hrberculosis inciderce over the past 10 years have
ranged between 1%a.d 2%.r!TheWrlO End TB Strategy
rcpresents a renewed global r.solve to accele!ale proBress
by aiming to reduce dearhs due to tuberculosis by 9t%
end cut tuberculosis i.cidence by90% bctwecn 2015 and
2015, while also seeking to hale zero ruberculosis-
aflected households experiencing catastrophic frnancjal
costs due tothe dis€ase by 2015.'Rigorous evaluations of
th6" tlends in the global burden of tuberculosrs are
therefore crucial for assessing progress towards
achieving the End TB Strategy targets and identifying
spe.i6c drivers ofmarked national progress.

The year 2020 mlrked i crucial timepoint Ibr
evaluatnrg progress towards eliminaring tuberculosis.
The first quantitative milesrones in the End TB Shategy
called for a l5% reduction in deaths du. to tuberculosis
and a 20% reduction in the tuber.ulosis incidcnce rate
by 2020.' The 2022 clobal Tublrculosis Repon from
WtlO illustrated that tube(ulosis d.a&s decleased by
only 5.9%, qhile the tuberculosis in.idence rate
decreased by 10%, between 2015 and 2021, falling well
shon of dre 2020 milestones." Moreover, studies
examjning global trends rosards WHO targets have yer
ro fully corsider age'speci6c direrences i. progress.
fte .ulrert evidence suggests that ihhough the
tuberculosis burden remains srbstantjally hiSh in
childre!, ' older age groups senerally have the highest
rates oftuberculoss mortaliq and rncidence' " A report
of the Global Burden of Diseases, Injurjes. and Risk
Factors Study 2019 (GBD 2019) hsed on data from
Cambodia also indicated that lemporal rrends of
redu.tlons in the tuber.ulosis burden becomc slower
with in.reaslng age. Several lactors .ould explain thos{i
marked age.related difi'ere ces, includirg age.specinc
diagnoslic chailcnges ''" age-specific mixing patrerns,'
immune senescence" and other age{elated immune
dysfunctions.'" and comorbrditjes common in older
patients masking tuberculosis symptoms.' Although
largely unexplored at the global level, age.specific
drfferences in risk factor prevalence mi8ht fufiher
augfte.l these age-related dncrepancies. ldentincation
of age'speciEc progre$ towa.ds lhe End TB Srrategy
milestones, combined with assessments of the role of
key risk factors, could therefore help inforh targeted
inleaentions to accelerate piogress towards elininating
tuberculosis.

Leverasine lhe GBD 2021 framework, we aimed to
examine the levels and trends in tle global burden of
tuberculosis to investigale age.spccific attainme.t of the

' 2020 WHO End TB Strategy mortality a.d incidence
mileslones for 204countries and reiiitories. Considering
that modifiable tuberculosis risk fadors. such as alcohol

mortality*ere removed) to highlighi the need to address
reductions in risk facior exposure as pait oiany holistic
respo.se to achjeving the End TB Strategy targets. l-ast.
we exrmined lhe potenrral impacr ol rhe COvlD.19
pandemic o. tuberculoss mortality by dmwing on lital
registratio. data fioh those counlries with avaihble
data. This manusciipt was ploduced as pafi oi rhe
GBD Collaborator Network and in accordan(e with
the CBD Protocol.

Methods

we have prerously published detailed metlods ol thc
cBD analyrkil framework-' and h,berculosis bulden
estimation in CBD. " Here, qe sumharise th.
m.thodology Ior estjmaring tuber.ulosis hortaliq' aDd

morbidiry as well as key risk factors, airh more detailcd
descdptio.s of the modelling strategy provjded in
app€ndix I (pp l-26). In conrpli.nce with the Cuidelincs
for Accurate and Transparent Heakh Estimates
Reporting, input data sources and codes fo! each step ol'
lhe enimation process are available on the ClobalHealth
Data ExchanCe.

Tube(ulosis mortality
The CBD 2021 Cause ol Death database contajned all
available vilal registralion, suneillance system, ard
verMl autopsy dak lrom 1980 io 2020. levetuglnE llre
database. we iD.luded 22601 sile.yeaB 01 \,iral

registrarion data, 82t site.yea6 of sample.blsed vi13l

resistration data, 680 site.yea6 of mortality surveilhn.c
data, and 9 site'yca!s of mrnjmally rnvasive tiss,!
samplo (MITS) diagnoscs data for modellrtg tuber'
culosis mortality among indi!,duals withour HI! (o.
.nfe.lr'n. Counk) ";rr6. oat" " ri.! -ro trr-lro.'.
are rn.luded in rhe Clobal Heallh Data Exchange. we
processed Ew cause ol death data lo accounl lor
completeness ind diFerences in codin8 schemes. to
redislribute deaths from unspecified codes to more
lpeuhL Lnderl)rng LJJse' of de"r , 6no ro ,Fas,gn
ftisdassitied HMeatIs.

we used the Cause ol Death Ensemblc modcll,ng
(CODFm) strategr to gencratc tub.r(ulosis mortaIly
estrm.rcs in individuals withoul Hlv co.infection by
location, year, agei and sex. coDEn, is a hjerarchi.al
nodell,ng plationn lhal uses an ensemblc ol difieicnt
modelling methods lor rutes or causc fiacliods with
varyiq choi.es ot covlriltes (eg. ! olins prelalen.e
.lcohol consumption. !nd Healthcar.Acce$ and Quilny
IHAQI lndex) rhar perforn besr wrth our.of-sanrple
predraive validrtl lestiDg' Appendix I (p 1l) frovrd.s
example.ountries illustrating lhrt Inal lubercu]osis
mortall] estinrates prcsented throughout this 3nllysis
larsely lollow tretrds in inputdatr l inrlll we eslablisIed
ag-.p.,rn. .uurtru.r' J,,r\. "nunB,A.d,..1. a r.
Hl\ 

'n,e. 
r'.. rtr,ducb.1,,-u.r.

lnarlapproach ppp'errdir i pp r4-r5) / u
o*"li.-h./" i'/ ,-.rcv.

,B\'Igho4 tu .'ii- rdql6r?4 LrvTd)r

, smoking, and diabetes, can augment
nle.ventions, we supplemented our analysis
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Tub€r.ulosis morbidity
we .imult3neously modelled age-sex.speci6c tuber
culosis incidenc€, prevalence, andceuse.sP€ci6c modality
usinS the DisMod.MR 2.1 (disease-modelBayesian meta.
regression) modelLing tool. DisMod.MR 2.1is a Bayesian
diseas€ modelling rool rhat Leverages all available
morbidity and mortality data, the epidenioloSical

. relationships between d*ease parameters, and spatial

relationships to outpuliinternally consistent disease

burden estimaies." we provide details of case definitions,
rnpul data sou(es and data processing snaiegies in
appendix 1 (pp2 l.16-26).

Briefly, {e identifi€d all lopulation-based tub€r.ulosis
-revalence suweys via comprehensive reviews of the

!.erenrre- Similarly to previous GBD iterations, we used

a Bayesian metaiegression tool:r to adiust prevalence

surveys that used sne3r-Positive tuberculosis as the case

definition rather than bact€riologically confrrmed
tuberculosis. we turlher recalibrated surveys that used

symploms only as the screening melhod over both
symptoms and chest x{ay (appendix 1 pp 22-21). Next,

we maximised data infoming DisMod-MR by predicting
ag€-sex-specific incideEce for countries with low'quality
data ratings for cause of d€ath d.ta. We estimated
incidence for thes€ countries through a mortality.to'
incidenc€ latio approach using countries with high.
quality data ratings on cause ofdeath dala as inputs into
a Bayesian meta{egression analysisrr where the HAQ
Index" was the primary covariate. We then linked
location-specifc predicted morrality.to'incidence ratios
with hrberculosis death estimates to obtain estimated
age-sex.specific incidence (alpendix 1p 20).

we subsequently modelled these daL. together wjth age.

so-specific case notifications for locations with high.
uliry data ratinss on causes of death data,

'yopdatjon-based tubeiculin suneys, and estirnates of
nrberculosis excess mortality raie, remission, and caus€-

specific mortaliry rate, in DisMod.MR 2.1 to generate all-
fom tuberculosis morbidity €srimates thet were intemally
coruistent. To fulrner improve jnt€rnal consistenry of
modellins in DisMod, we computed all.age and both-sexes

priors of tuberculosis duration using a combinado. of
hrbeiculosis dulation data from a systematic review of
studies during *E pre.chemolherapy era" and the HAQ
Index. we then used DisMod's statistical h'ianSulation
approa.n, ueng fie esbmated nlberculosb duranon priorc
and age-sex'specific tubercllosts mortality, prevelence.

and incidence data, to derive final agesex.spdfic
tuberculosis duration estimates lappendix 1 pp 27-28).
Finally. we drsaggregat€d tuberculosis incidence by HIV
stahrs by applFnc the fracEon of Dew all-form luberculosis

is co-infectrons lo our

CBD has

PAFS in adults were computed within lhe comparative
' sl 

"sse$menF 
hdme$o,. or cBD $trh ihe to ow,lC

inputsr prevalence estim.tes for expo$re to dsk faclo6i
the relativc nsl oftuberculosis monality !s an outcome

oi exposure lo each risk factor; and the theoretical

minimum risk exposure level (TMREL), defined .s the

level ol crposure lhat would minimise risk tor each

indiudual in a population. we computed tubelculosi!
mortality attriburable in aduhs (aged >15 years) to each

risk factoi by multiplying the PAF by lhe Dumber of
tuberculosis deaths fo! each risk{utcome pair ve
subsequendy derived risk.deleted mortality mtes to
quanUry tuberculosis dearhs rhar would have been

ohserued had the risk fsctore been scr to their

coriesponding Tl\4RELs. Th. risk deleted ruberculosis
monality ratesare therefore compuled bymuhrplying l-he

obsefled tuberculo$ s morlalitybyone minus the PAf for
a risk factor or combination ofrisk factors. T}e oblectivc

of the risl.deleted analrsis is to illusrale lhe potential

magnitude otaddressing tuberculosis risk i!(to6 across

counlries and age gloups. Foi this analysis, we quanlified
tuberculosis PAF! for alcohol consumpnon,' smoking,"
and diabetes" among adults withoul HIv co-inlection.
we provide.omplete detaik of &e methods ior estimation
ofthe tuberculosis risk factors in appendix 1 (pp 19-67).

lmpact of the CovlD-19 pandemicontubelculosi,

ve eraluated the poteDtill ag..spe.i6c impact ol the

COvlD.19 pandemic on nrb$culosis monalit) {rlhoul
HIV co.infection usins vrtal reghtr;LtioD data lor all

countries with available cause.specili( mortality dala ,n
2020 and 2021 Th,s secondary analysis includcd dala

tronr 41 counhes that reported at least Ien tube(ulosis
deaths in 2019 for each age groupoiinlelesl, representing
four of the seven GBD superregions (appendix 2 n"L, .-r,,"op""d-r

pp ]00 04), with 15 countries fiom lhe high.i.come
superregion, 14 in central Europe, eastern Europe, and
central Asia. ten rn Latin America and lhe Caribbean.

and two ln southeist Asia, easl Asia, and Oceania that
had suflicient cause{pecific moitality dala. Usin8 lhese
d"G d.,1p'.r(, we 5r-d quds,.P,r-,.n ,cts,"s'ion
noJ.l. ro dJrr irom l0'5 'n /0lr) { rh pLpr,lrlro. i /e J'

an otrset to estimate thc c:pected.umber ofluberculosis
deaths in 202G-21 fd.ach.ountry The qua$.likelihood
was selecred ro account tbr overdispcrsion,. counl data.

This analysis was stralified by adults and.hildlen
combined (aged <65 years). elderly nrdniduals
(:65 years), and allages.onbnred wt seLected thcseage

sroups on lhe basis ol eliden.e illustnlirlg that Slobal
tuberculosis diagnoses during the p!ndcmic declined
rclatively more in indjviduals ased 65 lears a.d older
than in those yourger than 6t yea!s. " We \ubsequently

red ase.specific obsewed tuberculosis deadrs to
iiuberLulosi"deJr\, in 2020"no 2021 o def ir) A
*(\t r,..,l*"a.,,hs.comparbunsw€rc /nlv
+r\qivu',nE rhc d,{e,en(. '" ."'.""" ,. / L-
ir)rl p;nl;/ar
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expected tuberculosis deaths (excess tuberculosis d$ths)
and the .espective ratio.

we aggregated tuberculosis jncrdcnce and mortality
estimates by HIV stalus to presenl all.fom tuberculosis
burden estjmates for five age groups (<s years.5-layears,
I5-a9 years, 50-69 yeare, and >70 years) throughout this
and./sis. Next. {e used the CBD wodd population age

standald to derive age.standardised rates for all.form
tuberculosis incidence and mortaliry For changes over
time. we provide annualised ratesofchange (ARC)as fie
difference in the natural log of the incidence and
morlalit) rates at the start and end ofthe time intenal
dilided by the number of )cais in the intenal we
present tuberculosis iocidence{pecific and monality.
specifi( ARCS for l99G-2010 and 2010-21. To evaluate

attai.menl ofthe 2020WHO End TB iniernn milestones.
$e derived percentage changes in all.form tuberculosis
lales and counts of bolh incidence and morblity from
2015 to 2020. Ateach modellingstep described, P3rameter
uncertainty was incorporated by randomly drawnrS

500 samples from each age{o(location-yearspecific
palalreter distribulion and propagaxng this un.ertainty
fos--ald a.ross each step ol the analysis. Conshtent wrth
lhe CBD framework. we computed 95% uncenainty
intervals (UIs) ior all estimares based on the 2'sth and

97.5th per(entiles of the final 500 dnss. Mor€ detailed

tuberculoss burden re$rlts by Hlv status, age and sex

rcross locations and yeals are avarlable in lhe GBD
Results Tool. Counts are rounded to three significant
figures rhilc rates and percentlges are rounded to one

de.inralplace,cxceptwheregreaterprccjsionw.sneeded
to diIIerentiatc between values.

Roleof thefundinq rource
'Ihe lunder ofthe study had no role in study design, data

.olledion, data analysis, data interpretation, writing of
the repot, or the decision to submit the manuscriPt for

Results

I. 2021. we estimated lhat there were 9 40 million
(95% UI 8.1G]0.5) tuberculosis in.ident cases and

1 ]5 milllo! (1 21 I 52) deaths due to tubtr.ulosis

sloball) (table l). Hlv and tuberculosis co'infedion
constituted 1.00 million (0 90 1.11; 10 7% lio l 11 0l)

of the 9 a0 million allform tubetculosis incidenl cases
' aDd 205000 (158000-24a000i 15 1% 111 9-17 Z) ol the

I I 5 million all.form slohl tuberculosis deaths. I he age'

standardhed incidence rele lor all.form tuberculosis was

age-standardis€d nrberculosis monality rale decre.sed by
61.1% (5 2.6-66. 3).

Age-spe.if c tubcrculotis burden
The global age djslribution ior the number of aluorm
tuberculosis incident cases in 2021 demonslraled a drop'
otrin cases after age 5 years, bul a rapid spike in cases at

age 15-24 years, followed by steady decreases until age

70-7a years, afier which there was a rapid drop in cases

(appendn 2 p a). The conesponding age distribution of
tuberculosis in(idence rates showed a simihr pahern

until age 20-24 yea6, when the rate levelled ofl until a

rapid increase from age 50-69 years, followed by a small
drop (appeDdix 2 p 5). In 2021, 3 8% \9s% Ut 3 64'2l,
of incident cases were in those younger lhn 5 yea6,
4.7% l3.8-s.9) were in those aeed 5-r4 years,54-9a/o

(t2.a-58 9) were in those aged 1s-49 yea6, 26.5%
(21.a-29.s) were in those aged 50-69 years, and 10 1%

(e.2-u.0)were in those ased 70 y.ars and older (lable 1).

The age distribuhon for tuberculosis deaths in 2021

showed a similar drop.otr in deaths afte!.8e s years, with
numbere rapidly increasing afier a8e 19 years before

levellingotrara8e s5-{,9years"nd fien 
"harplv 

dcc re"cins
(appendix 2 p 4). For Ue ruberculosis nonality r3te

distibuiion, the rate dropped af(er age 5 years before

steadily increasing for the temaJning age Eroups until3ge
80-8a yea6 when it levelled ofl:(appendn 2 p 5). In 2021,

4 s% (95% UI 3 5-s 0) ofslobal nrberolosis deaths wele
rn cruldren )ouger rdn 5 ,ears l'5% ll'll'o) sere ,n
those aged 5-14 years, 16 4% {35.7-3s 9) were in those

ased 1t-a9 years, 33 2% (12.8 11.6) were in those aged

5V.9 yeals, and 24 5o,4 124 6 24 9) were io lhos€ aged

70 years and older (bble 1).

ln 2021, tuberculosis incidence rates were Sreater than

100 p€r l0o0o0 population in children younger rhan

5 years rn ia rountnes and rn children aged t-'a y.arc'n
14 .ountries (appendn 2 pp 6, 8, 20-85). Tuberculosis

rnoden(e rates ex(eeded 500 per 100000 poPulJtron rn

those aged 15+9 years in nine countries, in lhose aged

to-69 years in 13 countries, and in those aged 70 years

and older in t0countries (appendix 2 PP 10,12,14,20-85)

In 2021, tub€rculosis moriality rates eic€eded 25 per

IuOO0O popuhrion,n chrld'en voJnger rldn 5 ye",s,n
20 courtries, i. those aged 5-l4 years in one couhtry, rd
in those aged 15--49 years in 17.ountrics (appendir 2

pp 7, 9, 11, 20-85). Amorg olde! adulls, tuber.nlos6
modality rates erceeded 300 per 100000 in those aged

5M9 years in eishtcountlies and in ihose aged 70 yeals

and old€r in 44 countries (aPpendix 2 pp U,15.20-85)
our assessment of nhe global ARC in tuberculosis

rncidenc. showed thal children youngerthan 5 years and

ftose aCed 5-1a year( had rhe largetr ARCs decrear',8
by a P/o 195% UI 3.8-a.l) and 37% lt-44-o),
respectively, belween 2010 and 2021, while ARCS jn the

adult ace groups decreased by around 2% in the same

period (lable-l). Simihn), chiidren younger than s years

2-128) per 100000 population and th€ age-

mortalit, rlte was 16 2 (14.8-18.2) per

t-la years had the largest ARCS ior!h'fr
e\

3-06-ng

l4 5-19. r)

PnnciPal

in 2021 (tabie 1)
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Evidence b.fore thi3 study
we se (hed PlbMed beiweenlan 1,1980. and0(.22,2023,
to identit studiesthat ar5essedtrends in nervoussystem

health Lo$globall, wiih the sead ning ('nqvou5

rystem"[I de] oR 'heu,ologi.al"tI del) AND

('prevalen"llit e/AbstGctl oR'in.iden"IIit e/Abstrad] oR

"dearh"IT tle/Abnrad] 0 R'buden"IT t e/Abstrad l) AND

('9 obal l rit eloR "iniernational'ITitle]). Res!lt5yielded

studiesthareitherloo[edatasma subselol.ondnions,tu(h
aso.lyca.(etsor(oVlD 19, lookedatsingh qeoqGPhiet, or

lsedGlobal Burdenof oiseaf, lniur e5, and RitkFacto6stldy
(GBD)retuts P.evious6EDreportsonthegLobal,egional,and

nariona buidenof neurolog cal disordeBcoveredaPeriodlrom

1990to 2015 a.dwerelimltedto 15.ordiuons. ln 2016,

neuologrcald tode6 6nked astheleading caute ofDALYsand

the recond-leadinq caute of death The lalqest contributoE to
DALYswere 5iroke, migraine, and Alzheimer'5 disease and other

demenu,s Othe. rcsearchgroupslsedGBD 2019 resu tsto
quant r18 neurologi€ dBod.6orsmale, qeogcPh e5.

Previous ana yses excluded neurodevelopmental.ond tions

that frequeni yG!5e lifelong disabiity, and ne!rc og cal

(omplicaiionsfrom.ond t onslhat afid muhiP e bod,

sy5!e'ns. r!.h 6diabetes, JyPhilis, malar a, or more recenl y
(0VlD-19 and Zika vn!s ditea*.

Add€d v:lue of thit 5tudy

ThB study extends previolr evlden.e by indud ng imponant
neu@log Glsnd neurodevelopmenta d torde6thatwere

conditions cause lifelong disability, whereas olhers are

assciated Mth high fatality ratesi some are heatable or
preventable whereas for others there is nocure

Increased life expectancy is arguably one of the greatesl

achievem€nts of he.lih gystems around the world.
rlowever, rhis in(rease has also led lo increases in
age.related neurological disorders, such as Alzheiher's
disease and other demeniias, stroke, and Parkinson's

disease, necessitating global health policies not only to
focus on sunival but also to miDimise h€alth loss due to

disability by promoting tunction aDd indePendence Not

all neurologiel burden is associaled with PoPulation
ageing,r rendering !t imPort.rt to quantify the ove.all

health loss associated with nepous system conditjons
throughout the liftspan.'

ln respoflse to the gowing burden of nenous systern

disorders and conditions worldwide, the world Health

Assembly adopted the i,knecrorol Clobol Actiob Plai ob

Epilrry anA cnh.r Newolog cal Disotd.t' 2022-2031

UGAP) in May, 2022.' The a€rion plan aims to "reduce

the stigma, impact and burd€n of neurologi€al disorde$,
including their associated mortaliry morbidity and

neuroloeical d]
Risk

previou!ly.ot onridered and by addi.q coiseq!en(es ol
non.ne!.o ogkal.o.ditions that.fi ect the neruous system,

bring n9 thetotal.unberofinc lded conditiorrto3T lhC
study enimatd the proportion of neryout syeram burden that

was potentiallyavort ble by eliminating known isk fadoE for

snoke, Alzheims't di*a* and other dementias multiple

<kros s, Pa* n5onsdBede, en.ephalitis, meninqitis, and

ldiopath c intellectua d sabllit, bur a 50 emphatisesthe
(ady of krowledge about , 5k fadoB for nefroust nem

lmpli@tionr of all th. av.ilahh evid€nc€

Unulrecently,the neruous system has.ot bee. a fGUt of
globa publi. healrh dis(ou6e Quantitingthe 9 obalbuden

atso(iatedwlth n.Rols rystem health lo$ aidrPo ry making

and heLp5to lilt brain healthontothep!blic health agenda.

W th the adopt on oI the ,nt?da! totol .labol altian Plan al
Epilepsy ond Othet NeuolagicalO sode5 2022-2031 by the

Woi d HealthA$emblrtheprevention, ea. y dentifr(ation,

dagnoss rea(menr dno,Ptao Glon oro.order\ttt affe(t

the neNous system havebeen brought into fo.!s This sudy
providesthe laten evidence to 9u deongolnqadv*acyaid
awarene$ efforts Add t onalreiearchon modifrab e risks, and

5!ppotforadequatefa. tesandwo*forc€5inmanaqing
f eruo!s tystem (ondit ons, is necesery for equny and a(e$ to
qua tycare A5 the leadi.g cause of DALYt, affect n9

morethan 40% of rhe global PoPuLauoq netooutsystem

health los5 5hould beapublk hea th priorlty

.ondiuo.\ r',' .p,e-o ^1 
.\ a r1\ d s'-cc Eroup ngs

The basrc cBD sroupins of neurological disotdeF
includes Alrhenn.r's drscasr rnd other detileDtias.

headaches, idiopathic epilepsy, motor neuro disease

multiple scLerosis, Parkinsont disease and a residusl

sroup ofother neurological disorde6 thir indudes, lor
instance, muscular dystrophf and Huntnrgton s disease.

Using cBD 2015 and 2016 cstimales, Fei8tn and

rorl."8ue' Prtu.ou.l. D o\ dPd nrr! ,omDeher !\F
estimat€s of neurological health loss than ihe bask

CBD groupmg by also in(iudn)g stroke, mcringltis.
encephaliti\. lclenus, lraumali. brain rnrrnl. spitul (ord

niuq, and b.uin 3Dd CNS ca.cers.i Oths researchels

used GBD 2019 estimates to look at l8 eurological

disord.rs or specifi. geograPhics ' Howevcr, I
proporlion ot global neurologrcal burden srems frod
neurodevclopmenlal disordcs which lladitionalll have

been dassified in CBD under mental he:iltI or neonalal

condnions and Loh childhood nllections Bolh

urlictio.s and neurodevelopmental disorders are olten

asso.i.ted with lifelong disability.' Iulthemore, some

In tle G

thdir .'irers and fam res'.'
il Disei$e, Iniuries, and

quality ollili olpeople sith

associ ed wrlh lilalong dirability. Funhermore "ome /\
peripherdl neuroparhF' we,e no, Pleqouslv c"Ptured /.A)-llir.ffisl:;,litlil;.ou,o,,o*u.,* 

11,".
4dkG-jhf,*."-", g'ne inre(uous disea*s,rePrtnCrfal

nenoui s;srenl d sordere g,;", ."..",-. ro,l4Corqlestirt re ot pharmacv
iNDoRr (M.i-t 
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vectorborne viruses such as Zika eirus,' lapanese
encephalitis virus," and West Nile vitus'r are increasing
then geographical spread owing to dimate change and
.onstitute a notable Slobal publi( htrlth lhreat. These

ulfections, ofier targeting thc nervous system dnedly
cause both mortality and neurological morbidity, wnh
an especially high burden in low'income and middle-
inco!be countries (LM1Cs)."

Thrs Article aims to create a! eslimale ofthe burden
oi disorders and conditions ihal atre.t the nerous
system usins an expanded group of GBD conditions,
cause categories, and disease consequences compared

with previous analyses This manuscript was produced

as part of thr cBD collaboralor Netaork and in
accoldance {ith the cBD Plotocol.

Methods
Overview
GBD 2021 quantifies heakh loss for l7l diseases i.
204 cotlnlries and terrilorics, including measures of
prevalence disease severity a.d dealh that logcdrer
.onstituie a .omprehensrve :rssesnnent of disease

burde . The analysis presenled heie groups conditions
that affect the CNs and peripheral nenous system tor
which Deurological consequ€nces .an be isolared in
CBD (table 1). The condrtions rncluded here are not an

exhaustive listr we were unable to in.lude neurological
consequen.es from some conditions, ior examPle lllv
or adrenoleukodystrophy, because they could not be

explicitly estnnated iD GBD at this stage. However, rhis

analysis is the most comprehensive attcmpt to capture

neurological heahh loss to date. Broadly, and as oudnred
in the ICAP. these conditions rnchlder neurodevelop'
mental disordersr'' neurological disorders (eg, stroke oI
Alrheime!'s diseasc and other dementias); and neuro'

logical consequences of other conge.ital, neonatal.

nretabolk, or infe.tious diseases Neurological

consequences captuted in lhr 3nalysis include

intellectual disability, cognitive impairment, motor
impaiimenl, epilepsy microcephal). neuropathy and

sensory deficits resuhing irom neonalal insuhs
(described by condrtion iD appendu p 5) For example

p.rsistent cognitive symptoms and Guillarn-Barra
syndrome alier COVID'19 were n,clLded nr the analvsis,

but ongoing Iatigue or resPilatory symPtoms due to

COViD-19 were rot iDcluded. Medrods fiatwere used to

isolate nervous system healih loss for .onditions wrth

ncurological and non neuiological outcomes are

describcd later in this sedion. olher neuroloSical
' disorders is a resldual c,tegorl- (appendix pp 5-6) thar

enconrpasses .ondinons that artcr the cNS and

peripheral neNous system bul are nol erplicilly
modelled 3s isolaled diseases in GBD because of

spinoccr.bellar diselses. nene roor and pl.xus
d,so.ders, peripheral n€ne disorders
muscular disorders. and muscle diseases, such as

m)opalhies (rppendix pp 5-6.6.) 64). EPilepsy estinratcs

exciudc cpilepsy cases that arc captured under olher
conditions to aloid doublc counting. A Cuidelines lor
Accu!atc and Transparenl I'lcahh Estimates Reporling
checklist is induded in the appendix (pp 2-5).

P.eval.n.e Etimate!
CBD anempts to acquire al1 available popuhtion'
representative strdies l3r8e-s.al€ surue)s. cennrses

insurance claims. and hospital records lhal .alalogue
incidence a.d prevllence lor each condiion Thr
number ofdata sources thal infoim non-fatal cst,batcs
for cach condilion arc sunrmarised in the appendix
(pp 6-7). Foi each condinon. a refcrence case deli.irion
end drt! collcction method was set. Data collected $ith
non.rci.r.nce mdhods w.re adiuslcd lo the reicrcncc

case dcfinilion using r.gression analys.s assessrng

systenratj. bias Case definilions and lnternational
Classification of Disease (lCD) codes us.d ii non fltrl
analyses are described in the appendix {pp 8-16).

For most condillons, Bayesian hodels were used lo
enimarp rnc'denLF rnd pre\d e1.e r -oss lrmr
geogEphy, age, and sex on the basis oldala and relev!nl
predi.nve co!anates. ModelLing deta ils v!ri by conditiorr
bul generally use a Bayesan mela{egk$ion toolcalled
Disease Modelling Meta.Regression (DisMod-MR) 2 1 "
Detarls of Dismod.MR 2.1are ]n the GBD 2019 capsloDc

appendix 1, seclion 4.5 ofrelerence 9 " and dcscribcd in
the rppendix (p 16). l'redi.tive covariales jn.luded,n
n)odels fd nldividual condiliors and details on

gcoghphrcal calegories arc also described in rhe

appetrdir (pp 16-16). By including remissioD ratcs io the

CBD modelling approrch, we cou.led cases as bcing
prevalenl only if they were still a case, ind we fuilher
rv our red 'or lrrnc,.nr !Fr.u. Pro8 .'ri\e \ ond,lionc ir
the case definition (appendir pp 8-1a)a.d assessnrcrn ol
burd.n. Delails of the modellnrg !pproach ol rhrce

,o,.d,r,or. s,,l Fpr.odr. o, uren\e 'e. r,Br.'ne.
lensjo..type headaches. rnd epilePsy) are in the

appendir (P 20)

ThE Adi.le dcscobcs prevalencc whtch lefl..ts
inciden.e and durar,on Duranon in nrnr is dctei incd

by mortalitl and remissjon rates afd r.fle.rs discas.

severig and acces to care. 'rolal 
Plclalence to! .a.h

,uldrlron srr sPlrt rrro no"e ErJr Jlrr rleg\rr_
'Frmed srqJ.Le. tu,"pr,.r, d.llercr,t l*-1. oisct, tt't _

and d,trerenr possible heilth o tcornes (appendix

pp 2l-.r8) For exanrple. Parkinsont dis.ssc Prt\ile...
was proportionally spllt between three scqneLae (re.

mrld, moderate.andsevere)' Forconditions thararenol
purely neurologi.al such as COVID 19. only re!elalrl
n<Lrolusr.al (eoJelJe ser( ,1, ludeu rLllbA, J, r I i

non.,","' ."'t o0xr", ,t.". .", d'S!m!H,i,H5rd€1,
**., 

" 
* 
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Case aggregation and .omorbidity (orrectiont
The total number of prevalent .ases for ea.h individual
condition was calculated by aggregaling cases for all
underlyjns sequ.ht tir (holly neuroloeical conditjons
the aggregate of sequclalelel cases equalled lhe total
number ofcases Ibrthe overall condition. torconditions
with both non.neurological and neurological health loss,

. the assleSate numberofcases lor sequelae with nervous
system health loss was t subset of the lotal number of
cases For example. only a subset ofall individuals with
longle n consequences oi COVID'19 i. 2021 had
neurologi.al sequehe captured,n CBD, such as cognitive
impairment or Cuillain-Bare svndronle (details of
analysis linking CuiLlain Band syndrome as 3n out.otne
from COvlDl9 iilection are shown in appcndir p 62).

he total cases ol cognitive impanment due lo.-CovlDlg 
included in tlis analysis equals lhe tolal

number ol peopk, who had cognitive impairrnent or
Cuillain Baria syndronie atrribur.d to CoVlD.19 bur
calculation olveare lived sith disabilitl (YLDS) excludes
anr additional healh loss in lhese irdividuals due lo

".uF COVlD.l, \yrprorn. lallgue or ongo,.g
respnalo4r problems.

A comorbidity correction was used to calculal€ total
plelalence of all nenous system conditions and disorders
combined. assumine independent comorbidiry. Without a

comorbidit) .oredion pre!aletrce would b€ overestimated
becausc r.dividual condihons or disorders would be

assuDed to be non.ovcrlapping (ic one condition or
disorder per individual).Ire iotal number ofpeople wrth
any nenous system health loss was then calculated bI
niultiplying by rhe numler ofpeople in the poputation:
p!e!alence,,, = 1- l(l - prcvalence.- i,,",,) 

* (1-prevalence,,.",,,)
*. (1 prevalence. , j,)l

YLDr due to nervoursystem health lots
r-he YLDs dreasure oi non.fatal bulden allows lo!
comparison oi relative health etrects between disparate
diseases. Disabilit, relers to the rektive health loss
from a condition. as reflected in disability weiShts thar
glade severitl ol hcalth loss from none (ie, disabilitl
seight ol0) to s.!ere (ie, disabilityweightoll, whi.h is

equivaleni to death). YLDs account for both prevalence

and seventy of health loss by multiplying sequela
prevalenle by a sequela-specific disability weight for
exanple. although hnsion-type headaches are highly
plevalenr, the associated disability weighl is rclativel)
low compared with those of many other neurological
.ondirion\ whi.h is t0eded in lhe 6nal YID values

As another exafiple the disability weight for Inild
multiple sderosis is 0.181. and that for severe multiPle
sdero$s is 0.719 (a description ol multiple sclerosrs

Arhe mu!d aeandoth.'den..t.r
Ane oid€6.rhypsrnvrydffd.r

cogniriv.impa'm.nro,6uilai.-a lsynd,on.dEto

aonq{nir. indrduk^duo"phi s

diop h rmtllfrtu. dibi'ty

Nem$ r).t!m 6n(., (i., CNs dn.e6 neurcblstoda, .id
orher p€iph.nl neMur all tumou6r iidud6 piedi'tk
rnn adult p,imrry o*r .nd ddrds m.l&*l)

Neuorogcl.omplrar 06du.b.ongsn (albnthd.hds

Neurclo!kal.onpl <anoi!duo!o.onqef, sl zlkr !y^dromr

Ne olog(ar.omp.aloosduoloD.wnlyndrcme

Neurcloqkal .omp lotion! du. io ( n.ie ts lyndrofrr

Nuolog(r.omp Gnon,du.roiloi : Pund..
N&rcloqkrl(ompLi. ion!du.roieon a ap'it
Neuo og ii .onpk oildu.roorh{.hrcmoen,r
iiomr €s (e< ud'ig D.wn ridron,e

N.urclogicr.ompkrroGd@rop'er.,mbnih

other n?uroloq o d rod$I ndud nqdeq€ns ve

d rar: diodii.of rh.idonom.ic
mov.ne dieder spmoarcbe rd
pdudtrod.tr,psph.n r-rryrd$dlrs neurcmutura,
d $deqa^d$m€ nu(rrdaxaa.harmyoFihesl

9toke( e.&h.cm (nror., jubra.hao'dhacmotrh,9. d

disabilily n in appendix pp 5s-s6)
Iobl. r, coid r oBindudeainou.:n

PoPulation and inlerner
ere asked to indicate the
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hy description ofhealth st tes included incBD. Di$bility
weights .nd lay descnptions for all healtl states included
in this analysis are described in the app€Ddn (pp aMl).
To account fo. the fact that individuals can have more lhan
one .ondinon, we did a simulation to produce adjusted
disability weights on the basis of the obse ed combi
ndhons o[Lomorb,drhes generared by fie s,mulal,or.

For s€quelae that include both neurological and non.
neu.ologi.al health loss, YLDS were recaLulated toisolate
the non.faial burden attributable to neNous system heelth
loss. For ekmple, sequelae of Down syndrome include
severe intellechrel dis.bility with congenital hean disease

due lo DoM syndrone (sequela 1) and severe intellectual
disability due to Down syndrome (sequela 2). To isolete the
neurolog,cal component of sequela 1, the adiusted
disability weight geneEted from the comorbidity
simulation for sequela 2 was used lo recalculate YLDS by

nrulhpllng the prevalence of sequela I by the adjusted
disability weight for sequela 2. This method was used to
cakdate YLDS for aI sequelae with combined neuroloSical
and non.neuroloSical health loss to isolate the burden due
to ne ous system healthloss.

Calcularing deaths and yeals of l:fe lost
Deths were estimated for 15 neurological conditions
(lable 1). An overview of daia and modelling methods is
shown in the app€ndir (pp 62-66). Total sources included
for each individual condition are in the apperdu
Op 62-63)i ICD.9 and ICD'10 mapping for each condinon
and predictive covariates included in models are in the
appendix (pp 61 66).

Causes of death in CBD are mutually exclusive and
collectively exhaustive, meaning a given individual is

assigned only one undedrng cause ofdeath and the sum
of all dis€ase'sp€cific deaihs adds up ro total deaths lor a

given year Yearsoflifelost (YLLS) qere calculated for ea.h
condition by mulnplying dealhs and remainine slandard
life expedancy.'' This measure captur€s premahrre death,

meaning that a death at a young age, for example from
neoruhl encephalopathy, leads to moreYLLI than a death
at olderases, such as from Alzheimer's dilease and other
dementi:s Disability.adjust.d llfe ye.rs (DALYS) were

calculaled as the sum ofYLDs and YLLr b) year, age, sex,

and hation, and represeni the combined non.fatal and
fatal burden of each condition. For conditions where we

did not asclibe dcaths (eg, headaches or conditions such
as pretern bilth where we included onlt lonSrerm
neurological outcomes), DALYS are equal to YLD9.

Percentage of d€arhs and DALYS ihat occurred in LMICS

' were calculated using world Bank income leels, which
are based on gross national inconre percapita.

DALYS was quannied for eighi condirions: stoke,
Alzheimer's disease and othe. defrentias, multiple
sclerosis, Parki.son's disease idiopathic epilepsy.
meningitis, e.cephalitis, and idiopathic intellectual
disability. We did nol include conditions thal are nol
wholly neurological, ior examples diabeies, as we could
nor .s.ribe risk contribution spe(ific to neurologicrl
health states. The nutrrbe! ofrisk fado* assessed in CBD
2021 varies by condnion on the basis of.udence ol
association and alailable data. ErposLtre to a given risk
$as es unr'ed ror c,(\ Lo."r.on. dge ser. dnd )rJr , rn8
regression modelling, and rehtive risk curues were

\omfLre.l J) pnoL rg d"1 lion. srudres J.se.s,ng " Sren
risk-ourcome pair. such as intervcnlion, cohort, aDd

.asHontrol siudies. For each lisk-outcomc pan, rsl
expostre and lelative risk analyses wele used to calcul,tt
population atiribuhble fraction. Attribulable DALYs w.,c
rL.(, r",uL ed de6ned J. rhe opF.rd detrea.- .r

disease burden if risl exposure had equalled lhe
theoretjcai minimun risl erposue level. Totsl
attributable burden across aLl rhks for a given outconre
accounted fbr mediatiotr e,feds bul nol potentral

Mean estimate, u nc€rtainty, and percentage change

Estimates were calculated 501i limes by sampling the
posierior distribunon ofthe estimrie (relmed draws) at
each step in the modelling pro.rss, and all cll.ulations
werc pcrformed br d.r$. Mean eslimales for each )ear,
agc, scx, and location were lakcn fiom th.dNtribution ol
100 estirnates, and 95% uncertaint) intervals (UI) $crc
taken as the 12 5lh and 487 5th order.d drats. Ag.
standardNcd estnnal8 werc calculated usins slandard
GBD populatiolr age weights. t Percentage change
bet$een 1990 and 2021 was calculated bI subtracling
1990 estimales lronr 2021 esdmates aod dividing lhe
difference by 1990 estimates.

Role of the funding source
Thp runde ofrhe,ruo) h-J ro iol- r ' r .r ,d. d". Fn.
data collection, data an.lysis. data interprebtion, or

Results

A! cstimated 1.4{ billion (95% Ul 1.20 I62)

sses the degree to which risk factors clltribute

individuals had a condrtion aflecting th€ ncrvous syslem

in 2021. corcspondirg lo 4l 1% lao 5-a5 9)ofdrcworld
population (table 2). lhese condrtions caustd
l1 I millon (9 7t ll.8) deaths and contribLlted ro

16r, million (U4 241) YLDS and 275 mrllion (247 116)

YI l.s. \llth a tolal oi 441 nrillion 1178-521) DALYs, th,s
expanded nervous slslenr.rtegory wrs the toP.cnkcd
(ontrilmtor ro global DALYS and YLl-s in CllD 2o2l
Iollowed Lry cardioyascular diseases (ercludinB stroke
Jnpubl,,he., y,fl"te" GBD /o+fldellilrrl In,",. ,

/^AJ tndorc lnsritute o f Pharmicy,
l"ll'"'^, ,t \DoREtM.hrap, 7o,att ^,/

burden by identifyrng how6ffi
i{( tono'p
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Colleboratols). Tle grouping of 15 conditions or
disorders published in previous analyses' (ontributed
313 million (260-379) DALYS, o. 70 5% (66 9-7a.6) of
the toial neurological DALYS reponed here for 2021.

Newly added neurological conditions contributed
2 14 million (l 5l-2 82) DALYS, or 0 5% (0.a-0.6) ol
total neurological DALYST neurodevelopmenlal and

. paediatric conditions contnbuted 80 1 million
(69 G92 t) DALYS, or i8 2% (15 l-21.2); and other
conditions ihat include neurologrcat health loss
conhibuted 4E I million {34.1-64 8) DALYS, or 10 8%
(8 1-11 6) ofrotal neurological DALYS. The p€rcentage
contribution of original and newly added groups of
conditions to total DALYsis showninthe app.ndia (p67).
The original caregory of 15 conditions would hale still

.en tir rop{Jnked conhburor to global DALYs 'n CBD

-O2I even {irhour the additron ol new condrhon'. The
€xpand€d category was also $e fi$t-ranked contributor
lo global YIDS, followed by musculoskeletal disorders
(unpublished esiimates, cBD 202l Diseasesand Injuries
Collaborators).

For total newous syst€m health loss, global DALY
counts increased by 18 2% l95o/o Ul8 7 ro 26 7), frcm
375 million (139-419) DALYS in 1990 to 443 million
(178-52r) DALYS in 2021 (table 2). By coDlr3st, age-

shndardised DALY rates decreased by 27 0%
(21 5 to 12.4), from 712 s (6965.3 to 8626 0)

per 100000 people in 1990 to 5617.6 ({a29 7 to 6587 9)

per 100 000 people in 2021. GlobalYLb remained almost
constant, with a clunge of -1 1% (-u.8 to 7.7)
from 264million (26E to 102) YLI-S in 1990 ro 275 million
(247 to 116) in 2021. By contiast, age{tandardised
YLL rates dtrreased i9.0% (ll 2 to 4a.l), from 5853.3

{5525.9 to 6272.7) per 100000 people in 1990 to 3573.l
{1190.9to41i4. 3) per100000peoplein 2021. GlobalYLDS
:ncreased 85.6% (75 8 to 98.0), from 91.0 millio.

,-.i8.6 to 134) YLDS in 1990 to 168 million (U4 to 241)

in 2021. Age.standardised YLDS rates increased by U.2%
(7 2 to 16.3), from 1E59.4 11217 7 to 27oLa)
per 100000 people in 1990 lo 2064 1 (1190 01o 2981.1)
per 100000 peoplein 2021ltable 2; appendix pp68-69).

Resionally, aee-standardised DALY rates were highest
in aestem sub.Saharan Aftica (Er90 6 195% UI
6186 0-95€ 91 pe! 100000 peopl€) and centr.l sub-

SahaianAfri.a (7967 516665 &-9sa6.6lpet100000people)
and lowest in Ausnalasia (2882.6 lz2s3-6-37r7 -3)

per 100000 peopl€) and high.incone Asia Pacifi€ (29Ea.6

12159 +176E.21 per 100000 peple; apperdix pp 7G'78),

wirh large diferences obs€ned for children younger than
5 yean. For example, DALY rates fo! .lildren young€r

than 5 yea6 were appronmately l8'fold higher iD westem
sub'Saharan Afnca (29114 5 121721 8 1s170 5l) than in
Australasia (160a 111a05.5-18a6 a]), driven by condihons
including opathy, meningitis, and

Gribbean of2327.s {1571 2-3295.6) per 1@000 people.
Age.standardised YLLS had greater r€gional variation,
ranginS from a minimum in Australasia of 1098.9

{910.3-1456.4) to a modmum in westem sub-SahaBn
Afica of 6161 8 {5131.G-7114.6; appendq pp 70-79).
Using world Bank income levels. 81.9%
(7.H4.9: 9.10 million of u l million) of deaths and
84.7% (63.1-E6 li 375 million of aa3 million) of DALYS

atfibutable lo neurological cond*ions were in LMlcs.
The ten conditions that accounted for the greatest

nenous system DALYS in 2021 were stroke, neonalal
encephalopathy. migraine, Alzheim€r's disease and other
dementias, diabetic neuropathy, m€ningitis, epilepsy,
neurological complications due to preterm bnth, autjsm
spectrum disorder.3nd neNous system cance( with
stroke bei.g the greatest contributor globally and
in 19 of21 GBD regions (table 2: ngure 1). Notably, four
of the top ten conditions were not induded in our
previous analyses of neuloiogiel burden: neonalal
encephalopathy, diabetic neuropathy, neurologi.al comp'
lications due to prelerm birlh, and autism spectrum
disorder. which emphasises the etrects otearly ljfe and
childhood conditions on toral neNous syslem health
loss and the under'lecognised etrects on the peripheral

Reg,onal rankrnS, a(ross condrtions wer morrl,
(onsistent (6gure l) t^cepoons rncluded restdnrl
variation for meningitis (regional ranking range:

third to 22nd), retanus {range: uth to lnh), muhiple
sclerosis (range 15ih to llst). and molor.euron disease

(ranger 15th to 34th). Some intectious disease rarkjngs
reflected $eir regional pathogen endemhity (eg, cerebral
malaria, neurocysticer.osis, and neurological comPh-
cations due io congenihl Zika syndrome).

For childlen younger than 5 years. the three leading
causes of DALYS globally were neonatal encephalopathy

18t16.7 19so,L Ut 7072 6-999t.81 p€r 100000 people),

meninsitis (1214.9 1869.5-U41.1 per 100000 people),

and neural tube defects (722 6 I5E0.E-899.41
per 100000 people). For older childr€n and adolescents
aged 5-r, years, th€ three leading caus€s of DALYS *ere
migraine (380 0 124.7-9a6.6) p$ 1(rc000 people),

neurologicai complic.tions due to preierm birth (234'3

1168.4-305 21 per 100000 people), and epilepsy (165 1

l1l7 0 261 7l per 100000 people). For adults aged

20-59 yea6. the leading causes eere stroke (U26 I
1103s 5-1218.41 per 100000 people), migraine (750 8

lu7.l-r6u 6l per 100000 people), and diabetic neuro.
palhy (260 5 [171 9-]87.61 per 100000 peoPle), and fol
adults aged 60-79 years, the leading causes were

stroke {8490.9 0a, 5-910E.61 per 100000 people),

Alzheimer's disease and other dementias (1504.2

1746.6-3\45.61 per 100000 people), and diabeti.

Y LDs were similar bchveen
ll97 I 19n.8-1910.81 p€r 100000 people). /1

rR,.:l" "i;;, #1, "',lil;,'1,"-,ii1l1i /rrJ
\ftSt", et.t.,.". disear md $rtih(llpdy
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@@\ @ Global burden of 288 causes of death and life expectancy
decomposition tn 204 countries and territories and
811 subnational locations, 1gg0-2021: a systematic analysis
forthe Global Burden of Disease Study 2021
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Summary
Backg.ound Regllar, dctailed rcporting on popularion health ty uderlyirg qu,e ofdearh is fundamertal for public
health de.ision making. Cause{pecific estimates ofmorlality and the subsequent etrcls on life expectancy *lrldwide
are valuable metrics to gauge progess in reducinS morhlity iates. These estimates aie parlicularly imporiant
following large.scale mortality spikes, su.h as the covlD-19 pandehic. When slst€maticalry analysed, mortality
Eres and life expectancy allow.omparisoG ofthe consequences of(auses of d€th globally and ov€r time, providin€
a nunced understanding ofthc etre.r ofthesc causes on global populations.

Merfiod5 Th€ Clobal Borden of Dise.s, Iniuries, and Risk Fador study (cBD) 2021caueofdsth oalFis 6tim.ted
no.talit, and y€ars oflife lost (r1lr) frcm 2E8 causes ofdea& by age.se.loction.yer in 20,1countriG and teritoriB
and 811 sbmtional lmtions for each year ftom 1990 until 2i21. The anal'€is wed 56604 datr sources, induding data
from vit.l registration ard ierlral autopsy as wel as su-eys, c€nses, suNeillance slstems, and en.d reCistries, amoog
others. As wirh prwious GBD rounds, ause.sp€.ific dqth rar€s for most caus€s weie estimated usmg the C:u!e of
Death tns€mble nodel-a modelling l@l dmloped for cBD to assess the outotsample Dredictjve rBlidity of difierent
n r i rri(al models aDd (ovariate permutations and combine thde results lo prqluce caus!. rp(il'. r: ,, riity estimates-
with ahe.natrv. stralegis adapted to model causes Nith insufficient data, substantial .ha.ges in repodnlg .v.. Ll" rludy
tp,nd, or rrn!;nal epiCemiologl: rILs were computed as lhe product of the mmber.r ftid,r i , '1.h car,. " r .}ser
',,, , f6n.yar and the sirndard life evectancy at eacn age. As pan of lhe hodelling pr or.rs, oil..rli]Irty intu als (Urs)
were geneEted using the 2 sth and rT 5th peicentils fiom a 1000.draw distrihtioi for .a.h rnetri(. \!1'dsompoftd
life exp.ctaDcy bI <ause of death, lGation, .nd year to show @use6peific ellds on life qpetancy fron,1990 to 2021.

we also used the .oemcienr of variation aDd the fErtion of population aff€cted by 90% of dealhs to hi*night
ron(stratioN ofmortality. liDdings are reponed in couts and age.t ndeidised rate.. Melhodologi.al impiovements
for auMf.death stimat s in GBD 202r include th. qpaBion of undd-s-)eats ag. group to in.lude four nN age
groups, enhanced melhods to ac(o nt fot sto.hasiic variation ofspaBe data, and the indusion ofCOVlD.l9 end olh€r
pandemic-related mortality+hich includes dcess hortalit/ assciated with the pandemi(, qduding COVID.19, los€r
respiBtory infe.tio6, m6sl6, m-laria, td p€rtusis. For this amlysis, 199 ne$ countr/.Iea6 ofvihl reSistration cause
of,d€ail drta, 5 .outry-y€B ofsudeillance datr, 21(omtry-lers ofr€rt al autopsy data, and 94.oudryjears ofotler
data g?es were add€d to those used ir previous cBD rdnds.

rindingsThe leading {auis ofagHbodardised doths globally were the same in 2019 as th€y w€r€ in 1990; in descending
order, rhs. were ischaemic hean disease, stoke, chronic obstru.tive plmomry disese, and lower respirniory
inf<tioDs. In 2021, however, Co\alD.r9 repla.ed stroke as the seondl@ding ag6standardised caus€ ofdeath, wnn
,4.0 dealhs (9s% Ul E9.2-100.0) p€r 100000 population. The Col'ID.l9 pandemic sldn€d fie rcn&ings of6e leading
five .aG6, lowqing shoke to the lhird.ileading and chronic obsttutive polnonary disdse to the fdrthleading position.
In 2021, ihe highest ageltandardis€d death rat€s fioh COVID-l9 c<ured in subsahaan Afti@ (271.0 d@ths

1250.r-290.71 per 100000 populerion) and ktin AmeriG and the Canbbeln i195 a d@ths [162.1-211.4] p€r
100000 population). The lNest age{hid,.dned d@th nt6 froh CO1,ID.19 vse in lhe high.incotu sup.Fr€Cion
(aE r deaths I47 4-46 El per 100000 popul,rion) and soulh@st Asia, asr Asia, md orenia (23 . 2 d€ths 116 3-37 2l pe.
100000 population). Clolrally, lif. expdtrncy steailily improved betwen 1990 and 2019 for 16 of the 22 invBtigaled
causes. Deomposition of global and regional life expe.lanq showed the posirive effed that reductio.s in deaths from
entenc inklions, lo*tr relratory infdtions, stroke, .od reonatat deaths, among olhers have contributed to ihproyed
$nivrl @r the study period. Howeer a nel rcduction of 1. 6 yed n(:med in glol,al life ap*ian.y lr€twm 2019 ahd
202r, primarily due to increased death lates from COVID-19 and othei pardemir.reLred morrality. Life qp4tancy was
higt y uriable between superrcgions ov.r lhc studI period, with sourh@st Asia, east Asia, and Oceania gairinA E.3 )eds

-9.9) overall, while/ ,us

-i
o

in life qperancy due ro COVID.I9 {0.4 ys6}. The largest

population as of2021,
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a ttrese c.o!e6 ofdealh be.ame proe.essively more (oftentEled sitr € 1990, wheh only .{4 aud shNed rhis patlem.
Thc concentntion phdomenon is di*used h€ldsti@Iy with respdt to enteric and lwer respimtory inf..tions,
halaria, HIV/AIDS, n@nahl dtuordeB, tubftulGis, and m@s16.

lnteryrctition lrng4trnding gains in life speclan y and redu.tions in rnany ofrhe lqdi.g cces ofdealh hav€ be€n

disrupd by the CovID.r9 p.nd€mic, the adverR etr<ts ofwhich werc sp@d nnetenly amons populatioB. D6lite
tie pandmic, rherc hts ben cortinued prcgres in combatting s€veral rot bl€ .aules of d.ath, lqdirg to irproved

. glolral lift dpe.raDcy over the shdy pqiod. Each of the seve. GBD superregim showed an overall imprcIment from
1990 and 2021, obso.i.s the n€satiye efect io dE y€lrs of lfie pandehic. Additionalx our findings regarding region.l
Eriation in aos6 of d€ath diivi.g incieses in life qpctancy hold d6 policy utility. Analysg ofshifting moriality
lianls 6'eal that seeEl @us, once rvid6p@d glolraln ar€ now incrssingly .on.entrated g@Sraphioly. Itse
changes in monatiq, corcentntion, alongside fuih€r inv€stigation ofchangi.g risls, int rventions, ard r.lqant lDlicy,
prGent an impoitant optortunity to de€p€. our ruderilanding ofmortality.reduction strategies. Examining pattems in
no.lality co.ceotntioo might reveal ar€as where successful public h€alth intewenlions haw beeo implemenied.

.._ Ihnslati.g thse successes to lmadons where (edaitr @u6 ofdeth remid enhenched can infom lolid6 rhai work
to improve life dpntan.y foi peple everlsfi@.

Fundinq Bill & Melinda Gats loun&iion.

Copyright @ 2024 The Autho(s). Published by rL.viq !id. This is an opo Accss adide udd the CC 8Y 4.0 liceNe.

lntroduction
For more than t}rce d€.ades, ihe clobal Burden of
Diseases, Iniuries, and Risk Faclors Study (GBD) h$
been s)stematically aDd comprehensilely recoiding and
an.lysing ouses of humaD death stratified b) age, sex,

and time acoss the world.'J This infomation has been
used to guide policy solutioN, reduce modihlbl€ isk
factors, monitor and emluate national and sub-national
health interventions, and ultimately improve health
recommendations at both iegional and ld.l levels.'
Asessing trends in cause-slecifr. mortality is essential
to infom health policy th:t must continuously evolve to
iccount for rapid chaDgcs to the global health landlcap€,
such as the COVID.19 pandemic.' Comprehensiv€

- 
updat€s to levels and hends nr caus* of deadr give
insight into emeqing global heat& challenges and en
facilitate benchmarking in the case of a new pand€mic or
oth€r €vents that can lead to a staggering loss of lif€.
Th€r€for€, do.umenting novel changes to mortality, such
as an emergine pandemi€, in rcal time, is important-

ca6es of de.th .re not uniformly distribured between
population; nlher large variability itr the leading
cauEes often ren€dr important social and geogiaphical
diferences.'These di-ff-erences can indude access to end
quality of heatih care, timeliDess of heahh system
rcslonsiveness, and exposure to causes that are
endemic to specific geographical locations.' Mortality
pattems continually evolv€, as some deas become
successful in th.ir reduction etrorts. where.s other
causes pereist within spdfic locatibns. The past
l0 years have se€n improvements among many causes
of mortaliry some of whicl have .onsiderably narrowed
in geogalhical range and de now con entrated withia

a limited sublet oflhe global populatiof,. our analysis
provides an opportunity io answ€r important epidem-
iological questions that have been et ihe forefront of
global and public health discoune<g, which caus€s
ha\p , oan'b,,r.d -o rl.e largesr rn. rease or de.,e-as- i1
life expectancy, whi.h locations are experiencing grelter
concentrations oflrer€ntable causes ofdeath, and how
has COVID-19 lnd other pandemic-related mortahly
(OPRM) atrected life expectanq and the overall faial
burde! ofdiseasesl Regional variation iI many of the
leadins causes ofdeath remains evident in these mosr
recent €stimates, representing important opportunities
for €reating tajlored health policy to improve disparities
ahd alleviate conc€ntrations of mortality.

CBD 202l provides aD updated, .omprehensiye set of
ihe fatal burden of disese sutrmarised iith cause-
specific mortalit, metrics and yearsof-lifelost {YLLS)
metrics for 288 causei by ag€ and se, across
204 countries and territories from 1990 to 2021, an
update from the previously published estimares
covedng 1990-2019. In this study, Be pres€nt mortality
concentrations and a decompositioD anetysis of life
exp{tancy du€ to ditrerent causes oldeath and illustrate
the impact of causes ofdeath on global, regional, and
country-specific life expectancr, as we)l as highlighting
locations that are host atreded by concentrated
S.ographi(al monalib burden As silh previou
iterations of CBD, this cycle incorporates ne{.ly
aEilable data sources and improved methodological
Jpf,^"cl,es to rp--srimare the en re tin,e seiier,
provrding updated estimates rhar supersedp all previous
CBD caae-ofdeath publi.ations. cBD 2021 includes
an estimation of several ditrermt nodels for disdlean estimation of s€vera. ditrermt nodels for drsrfle
and iniury ourcomes. Th,s man$dpr w"s produ*ds

S(ilif : ?:i:':i,:-'r 
Ne'i$'rk Md n er:. 

Jm
This .hange enables us to

r, f llYii,h*m""t- rnrr': 
'l]j$*! 'r't 

e t

/
1ftooli

200



ArticlesI

'{y
c
\?,\

'<g

Evidence befoethis itudy
TheG obal BurdenolDiseaa, Injlries, and Riskrado6 study
(CBD) has provided equl& updates on the romplex patterns

and $ends inpopulaiion heahh a@!rdtheworld sin@thefut
GBD publication in 1991. Wlth ea.h subsequent iteEtion, there
have been important methodoloqi.al updates, ncwdatasett

L indlded, andanerpa.dedlstofcauser risk fa.toE, and

loction5 for whi.h estimatet of the burden of disease ee
prcd(ed rn 1993, mortaliry and year of lrfe lo5r (YLLS) w*e
reported for 107 .ategories of diseases that cov{ed all posible
oueiof death, fo.eight E9 oni. lnthe lastGBDcydtsG8D
r0lo+. imdre\of mo-a.N andy-Lswe,e pro.lu("d br
285.aos€s of dearh ln 204 co!nni$and tedtories, indudinq
allWHO membe.nares, and for 5ubnatio.al lo<ations in

21.oun$i€s andteiiitorie5, foreveryyearfrcm 1990to 2019.

A h ho u 9 h many 9 oupt have ,epo rted on narional-level, (auie-

sped6. mortalily and other popuhtion-he.hh m€t.i6,
includingtheW-l0Wo d Health Statisti.s reports, 6BD itthe
mostdetailedand tGnsparent rsearch effort to date. Funhet
e mate5ofCOVID-19jehteddeathrin2o20ard2021have
been repor(ed bysevsalsou(es, induding 6BD studiesth
have quanti6ed ex(e$ mortallty due tothe pandemicwirhin,
subsetol6BD loGtions However, no previousplbli.ations
have quant fi ed the eff<t oIC0Vlo-19 on life expeft ai9 while
ro niderinq the rull sp{t umofdi5ease mofta ittoverlh€past
t ,€e deGd6, a o$all.ountrhsnndtcr,to'ics rllirsildy
presentt Iorthe66ttime, 288 causesof deathfrofr 199oto
2021, @mp emenla.ylo the all-.aure mortality 6.dinqs
pre5entedlnthe 6S0 2021 Demog.aphi.s analysB. Combined,

thsestud esprovide a(omp'ehensivevlewof al -ouieand
(auseipeci6. mortality Iiom 1990 to 2021.

Addedvalueofthisnody
A Lo n 9s ide the all-cause h o/tality a nd lite{rp€<ta n.y
a..p(\mcnrs:..)mpari-np'blicari n(fo,CBD202l.t1 \
analysit dclineater Grse'tpe(i6c mortality a.d iB efferr or life
exp€.tancy. This 5tudy ndud6 a @mprchenslve decompos tio.
analysis el!.idalin9 the p.imary cao5e of death inf uendiq life
experrancyon a global, rcgional, and national level.

Addltionall, w€ pres€nt.auses oIdeath.ndYtG for all
.ountries andte itoris,provld:i9 poli(y hakeBwith valuable

,nsiqhts intovaiations incauq-sp..i6( oortality Thir study is

alsothe f d of its kind to publGh 2021 enimates of COVID-19-

rehted deathsandYLLs for 204 counties andteritoies Ih th€
.ontext of the global buden of disease Although otier
publka tiont have estimate d de at h s due to COVID-19, thore
deaths have not previously been .ompared with deaths f.om
othercaus$, Bymodel lng COVID-19deathswithin a hie.ar.hy

Methods

oifrutualtex( 6 ve a. d .o lh.tively exhau srile cau*sof
death, rhi5 st!dy p@id$ policy haker with information !hat
ise$enrialfor5etting healthp oftisabundrheworld.
To obrain more compreh€nsive ln5ights trom lile elPedancy, lt
i5 n(e$aryto breakit dowr into ageipc.ili. m.nality,whi(h
i, iilluei.ed by Gu5e{peci6( mortality rates We.rmined the
effed of (OVID-1g andothercauesofdeath on life epoctanry
bydecompori.g death count5 into dilferent <aureipe.if .
mortality rate5 a(ross various dimen5ions, lncluding co!ntry or
teritory reqion,sup.Freq on, and 6vedist nattimepcriods:
1990-2000, 2000-2010, 2010-2019, 2019-2021, a.d
1990-2021.We.ouldt rerclore syrtemat Glly.alibhtethe
COVID-19 pandehi. a9.in5t othercause, oI motulity overthe
pe od1990 2021. Fina l,our5tudyidentihedseveElcausetof
d€ath that.xhibited iroeased gmEaphkal..n(entEtion over
iimae, ca!5es with a dieproportionate rmpa<t wirhin a specific
geogdphical arca compared w th the ft st of ih. global

obseeatiof 5.lhis analy5is providspoli.y nake6 impo(ant
intomauoi on regional varlation and inequalities in cus€-
spc.iic mortality.Alro newto 6BD2021,we reporton
12 addiioncl!d \e\oldratl.(OVID t9 cnd olher pJnder, -
plated noda!ity, pulmonary arteial hyrertension, and
nine can.s types-iepabblanonra, B!4itt lymphona, othe.
non-Hodgkin lynphoma, eye cincer, retiroblanoha, orher €ye
on.e6, s.ftl cicr rd oths.nrr.sr.o!!sJ,rnna!, ma ighant
n.oplasm.f Lon! and arti(ular.artilaqr, and ncuroblartoma
andothe.peripheral neNour.el tumouE 6ran! arityof the
enlhat of oldeath5 in.h ldrenyou.gerthan 5yea6 wa!
enhai@d b,t]t additionof four newage groups: 1 5 monrhs,
6-ll monthr,12-23 month!, and 2-4yeau

lhplk.tions of allthe available evidence
0urstudyp,ovidesalu analysitof cu*sof d€athwo,ldw de
and a(oss time,.longsidethe (han9in9 patternr in llle
cxpe(tancy pre.ipitated bythose GUs6 h(Rasing
qeographiGl (on.ent.ation of mortalitywas obsetoed for many
.a!se5ofdeath,hiqhlqhtingdi5pa tiesb!tweenregionsand
subtiantialdifieren.eein.ause5pe.i6ccont buuon5to tife

exped ry.On a global(ale, thB iniomlt on provides an

.pportunltyto etaminc whether redu(tions in mortali1y were
6ilienttothe onretola nov€lpandemk On a regional lNel,
the est mates gene6ted by ourstudypovide important detail
ontheevolv n9 impactof causesotdeath ahong (ouhties,

allowing ft ucial lnsight into difiereniial su(es by geogEph,
t me, Jnd.ause The(omprehensive narureof6BD 2021(a!ie-
of -death estimation provldet valuab eopportunitier ro lead
fron mortality gain5aidlo$es, helpingtoac.eleratepogress

binh ro e5 ,.as and older;fot males,lemaJ&, and borh
socs (omLmed.u 20! (ounr,,e.,"a re,,{,f"s g.,p"a

D 2021, $'e produced estimate
quabtity of interest forf

socs (omumed.u z0! (ount,re. and ierr4brles grouped
inro 2l re8ions and sev.n .uper-reg,oai/fuld ro. ee.)
)€ar lrom 19r0 ro 207r. cBD .r0,,r'l&lql ncru.lc)
s\b,,",i-'"t ,,,")t', r i .,r . +diic{iq/ h,,irdic,

lndorc lnstilule af Pharnt€Yr

*t iitQSB ti"lio3 Mlyrs.zoza

gc-s_exlo€tior-year for 25
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(appendix 1 section 2.r). Ar1 intemational networl of
colaborators provides, reviews, and analyses the availaile
data to generete these metncs; GBD 2021 drN on the
expetise of more ihan 11000 collaboralors from more
tlEn 160 countries and teritories.

The methods used io generate these esti@tes closely
followed those for CBD 2019.'Tbese methods have been
eneEively peer r*iewed over lrevious rounds of the
GBD shdyd and as,pan of the peer-review process for
cBD 2021.11.re, we provide an oveniew ofthe m€drods
$ilh m emphasis on the main methodology changes
since CBD 2019; a conprehecive descriptiotr of the
analltiel methods for GBD 2021 is provided in
appendix l. Delailed descrlltions of anauti@l methods
and rnodelr ro, a.l, .aLse oldeath ar.,l.o av,il;ble in a

searchable onlile rool.
The CBD 2021 aueofd€arh estimtes dasdibed here

indude cause{pecific mortality and the prematur. d.ath
meiric (YLtr). we Glculaied Ylk as the number of
deaths for ea.h causenge{qlocation-)qr nultiplied by
rc siandard life expe.tancy at each age (appendix 1

section 6.1). Standard life expechncy is calculated ftom
the lowest age-speci6c mortality rate between countries.''
Briefly. we estimated cause-specific dealh utes fo,
?09 .arses using the Cause of Death EDsemble model
(CoDEm), and we used altemative strategies to model
.a{s.s with litde drta, substantial changes in reporting
oyer lhe sludy pedod, or unusual epjdemiology. The
modellirg slrategy used for all causes of death can be
found in appendix 1 (iable s10). CoDEm is a nodelting
tool developed slecincaly for GBD tharassesses the out-
of*ample predictive ialidity of ditrerent statistical models
and covariate p.rmutations and t}len combines t]}e
resulls frcm those assessm€nls to produce caus6speciEc
estimates of the burden of mortality. Methodological
improvemenlq for cuse{fie.th estimtes in the present
rouDd of estimation focused on several key areas. lirst,
caus€4f-death data w€re updated to includ€ age data for
the following age Croups )ounger than 5 yea$l
1-5 months, 6-ll months, 12-23 months, and 2+ yea$.
Second, we implemented cnhanced methods to account
for sto<hastic v{iatio! in cause{f-death data and improve
ihe estisatioD of small cause ftactioDs prescnt in less

of dealh. Third. we added 199 n€w
country-years of vital registration cause-of-death dala,
5 counby-years of suseillance daia, 21 countly-y(m of
verbal autopsy data, and 9a country-years of other deta
q?es. tlsily, we iacorporated COVID-19 and OPRM,
which includes dcess mortality associated sith the
COVID'I9 pandemic, excluding dealhs from COVID'l9,
lower respiEtory nrfdioDs, measles, malaria, 

-and

ICMNNI diseasesr non'comunic.ble diseases lNCDsl;
rnd iniu',€sr and lf,lel I dr"aggegdr.s rhov,Jregories oJnap.o, . nod.ld.E r w
rrlo z2,lLge,s ufcdus$. whtrh are lunher dtsaggredred hri /ry_erLd*q/
rflo L,\el tandtFvaa(aus6.Arrhemos a" ",mi"'"t 

**''*"*'"* " ''
288 fatel .auses are estimated. For a fu[ list ofcauses of
death by level, see appendix I (table s2). For cBD 2021, we
separately repori on 12 .auses of death Ior the 6rsi tine:
COVID{9, OPRM, pulhonary adenal hpertension, a.d
nin. .ancer rypes: hepatobLasroma, Burkitt lymphoma,
other non-Hodgkin lymphoma, eye cucer retjnoblastoma,
other eye cance$, soil tissue aDd other exh-aosseo$
sarcomas. malignant neoplasn of bohe and articular
cartilage, and neuroblastoha ind other peripheral
.edous cellhrmours.

Data sou'ce5, processlng, and arsersing Ior
comPletene.s hnpl //eMrhuihdra dq/

The cBD 2021 cause.oldeath database included data sbnionrhq.s

soLr-es identi5ed ih preriou: rot nd' of e't[ndtion in
addition to 924a new sonrces (appcndia 1 table S5). we
included multiple data types to capture the widest alaay
of information, iD.ludjng vital regishation and verbal
autopsy for all 288 .auses as well as survey. census.
su eillance, cancer registry police records, opcu-sou,ce
databascs, and minimally invasive tisslc samplnig. To
standardise lhese data so that thet can bc compalcd by
.aose, age se\ location, and tnne, we applied a sei of
data processing corections. Fnst, deaths wilh inmlli.ient
age data 1o estimate the GBD age groups or missingage
and sp\ dJta'rndFa\.._ rg. rnd sFr splnrn8.o ass8rr
CBD age groups as well as ser lappendix 1 section 3.5).
Additionalr, garbase codes, which aie non-specific,
implausible, or intemediate, Ether than underbibg
cause ofdeath codes Gom ihe lntemational Classification
of Diseases, were redisbibuled to appropriare targeB to
assign the under\ing cause ofdea&." we excluded dat2
sources with more than 50% of all dealhs assigned to
najor sarbase codes (.lass l ordass 2 garbage codes) in
a given year for a specific location (location-year) to
mitigate dre polential for bias from tlesc sources
(appendix l secdon 1.7). For cBD 2021, we established a
buffer system so thai location-years rlat {€re induded in
the previous GBD .ycle *ould not be dro!?ed fiom the
cunent cyde as long as less than 55% of all deaths were
assisned to majorgarbage codes. nris s% butrer ensured
greater corristency in data source in lusion flom onc

Assessing data completeness illustrates the .overage
from a daia source on overall mortaljty for the .ountry.
Vital registration aDd vcrbal autopsy data
.ompleteness+ source-speciEc estimatc of $e
perceniag. oftotal cause{pdfic deaths that rrc reported
in a gilen location and )ear*was assessed by l(ation, r\

r.,t^r. lnslitute ;f Pharm'cy'
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ra2 country.yea6 ;f,iat" becausJ{J
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5% bufer so that sources indlrded in the previous cBD
cyde would not be dduded from the current cycle if
theyhad.tleesi 45% completeness, allowihg us to retain
24 country-yeaB thai had previously been dropped. We
then multiplied the estimated al<ause modaliry for
each agesex-lcation-year by the cause fraction for the
(oresponding agesex-Iocation-yed to adjust al
included sourc€s to 100% completeness. Verbal autopsy

'thd 
vital rcsisi.ation dala availability, conpleteness, and

quality rating for ea.h locationrear are available ln
appetrdu 1 (setion 3), as we[ as fi details on all data

Piocessing conections.

lmprovements in GSD 2021to cause oI death data
procesring and estimation
Adi u st m e nt s f o t s toch ast i c v otidti o n

Itr CB D 2021, we made two pdmary improvements to the
methods used to redu.e stdhasti. variation, most
affding causes of ileath wilh small sample sizes. Filsl,
qe updated lhe Baye"ran algonthm used in lhe noise
reduction of these data to improve the preseFation of
real trends in data with large sample sizes, and imparted
additional infomation ftom regional tr€nds for data widr
snal samllesizes. Second,lhe non-zero noor. a method
that addresses distotted data shapes and nonsensical
trends caused by sdall nunbers wh€n transfomed to
log s?ace, was updatcd to be time'invaiant and
independent of demographic inputs. The full detaik of
these tvo key inrprovements, as well as other
improvements that address st(hastic variation, can be
found in appendix 1(section 3.14).

COVID-79 dnd OPRM .ltinotion
We derived COVID-19 a.d OPRM estimates Fo,, ax
analysis oI the overalL excess mortality due to the
COVID-I9 pandemic from lanuary l, 2010. ro
December 31, 2021. FulI details of the esti@tion of
ex.ess morhliry, covlD-19 dearhs, and oPRM are
provlded in appendix 1 (sectio! 5). To estinate excess

mortality, w€ first developed a database of all,cause
nortality by week and month after accounling for
rcporting lags, anomalies such as heel w.ves, .nd under-
iegistration ofdeaths- Nert, we developed an ensemble
model to predict expected deatls in the absence of rhe
COVlDlg pandemic for the years 2020 ard 2021. h
lo@tion and time combinatioDs with data used for these
models, we estirEted excess mortality as obsened

The .ounterfactual €stimat€s the numlrer of deaths if
iDfection deiection rates were at the highest obs€w€d
value for each hation,year Using the ratio of
counterfactual over esiimaled exces deaths and the /atio
of rcported COVID-l9 deaths over excess deeths, we
calculated the rario of tot l CovID-19 dearhs oler
reponed COVID{9 deaths and multipli€d d}is figure by
the number of repoded COyID-19 deaths for our final
estimates of COVID-l9 d€aths."

To account for increases in er.ess mortality in 2020 and
2021that .ould not b€ atriblted ro panicular causes, we
introduced a ,esidual cause. OPRM. We identified four
causes of de.thJower respnatory infections, measles,
malatia, and pertussis---{s related to the COVID-19
pandemic and haying relEble ooush estimates to not
contribute to OPRM. Thus, ye calculared OPRM a3 the
ditrerence between qes noitari9 and $e sum of
deaths due to COVID.19 and these fow caus€s.',

Pres€ntationof cause-rpe(i6c monalityenimates
Cauee.speii6, mort liry eshmales for 202t are gner iD
deatb counts and age-standardised rates per
100000 population, calculat€d usins the cBD standard-
population stru.ture. " For changes oaer iime, we present
percentage changes over the period 1990-2021, and
a.dualked rates of.hanse as the ditrerence in the
natural log of the yatues ar 6e start and end of the time
inteftal divided by dre number ofyea$ in the inten"l.
We computed unceiainty inlepals (UIs) fot all metrics
using the mean estimate across 1000 draws {appe.dix I
sections 2-3), a.d 95% Uls are given as the 2 tth and
97.5th perceDtiles of ihatdislrilution.

Lif e{xpe<tano/ decomposition
The obiective oI lifeaxpectancy deconposiiion is to
analyse the diference in life expe€tan€y by age and
location, quantifying conEibutions from specific causes
(appendix 1 s(tion 7). We examined temporal trends in
causes over coniinuous tine penods a(ro:( different
locations. we aimed to identify the efect oI causes
of dealh on lije expectrncy by urn8 three marn
decomposition steps. For this study, we investigated the
top-20 Level 2 and level 3 CBD causes contributing to
cheng€ in lif€ exp€ctancy. The remaining causes wer€
then (ombined as "other communicable and m.lernal
disorders" or "other NCDS". The frrt step involved
decomposing the ditreEnce in lile expectancy by age.
We calculated age-specisc contributions to understand
lhe wriJtion ,n IiFe expeLtrnry across ditrerenr
age groups. In the second step, ee.h age{peciGc
contribution was further decomposed into cause{ge
specifc contributions. This Malysis atlowed for the
identifi.ation of the specifc caN€s of deatl that

nortality minus axpected mortaLity. To estimate excess
mortality for lo.ation-yea6 without data, we develop€d a
statistical model io directly predict ihe excess morbliry
due to COVID-19, usjng cov:nates that pertained to bodr
the CoVlD,l9 pandemic and ba.kground population-
health{elatcd metd.s at the population level before
SARS{oV-2 €merged. Uncertainty was piopagated contributed to the differerces in )i& expdancy pithin

each age group. Finally, we
specific .o tributions across
.ause{pc.ifi . .ontriluti

lndore lnslilute of Pharmacy'
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ifl llfe expeclancy. This aggregation provided a

comprehensive undeKta.ding of how ditrerent (auses

of deaih contributed to the obsewed veriatioDs in life
expectancy. By applying this de.omposition approach,
we gain insights into the relative etr€ct of ditrereDt
causes of death oD ch:nges in life expeclancy by age .nd

Calculation of mortal(b/ concentration
&n.mhated cc6 ilr GBD iefer to .euses thet erhilit a

di+rcporti@te impact in a speciEc Segraphicel suhset

of dE data (ompared with the rest of the global
obsemtions. In CBD 2021, $'e uled tvro ditrerent methods
to id€ntiry &ese concentiated causes: coe&cient of
lariation and mortality concdthtion.

lor each CBD cause. we calolatd a coefficient of
r!]iation using siandard statjstical methods. This
neasure assesses the vanability of a population relative
to its mean.'r The observanons considered for this
cilculation were nadonal, age-standardised, both.sex
mofrlity rat€s, using the mean mortaliq, rale between
2019 and 2021. Causes uitl larger coem€ients of

variation have drta thar are less .entred around the
meen and indicale a greater lilelih@d ofa concentat€d

Monolity eon@nttution
To idediry coffentntions of mortality-eoeraphical
locatioDs or $oups of lcations with populations that
are disproportionat€ly atrected by a panicular cause-
we 6rct calculat€d the total number of all-age, both-sex
dea&s in 2021 by canse in each ofthe 8rl subnational
locations and sorted lhese locations by number of
deafis in descending ord.r we then (.iculated the
cumulative perc€"tage of d€aths by dividing location-
specific cumulaiive deaths by the number of global
deaths for each cause. Mren the cumulative percentage
reach.d or exceeded 90% for a given cause, we divided
the popdanon of the 8€ographiral subset induded in
ihat cuhulative percentage by the totel global populatioD
in 2021, using population estimales from the cBD
population model descnbed in preyious publi@tions.,',
This identificetion of geographi.al subsets ihat contai.
at least 90% of deaths from a given cause but represelt
a comparetively small share of rhe globd populetion
was used lo idenlify potential in€qualities in the
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incide.(e oI ooriality between locahons and
populalions. In addition 10 identifying these
concentiariors of mortality nr 2021, we repcated dris
same analysis for 1990. By comparing the respe.tive
proporiions of affected global population itr these two
years, we were abl€ to dif€r€ntiate causes that showed
inoeased, decreased, or unchanged cohcentrations of
mortaliry TIie .anses highlighted ih this study were
those characterised by an age-shdardised mortality
rate greater lhan 0.5 per 100000 po?ulation. The
purpde of presenting mor!.lily concenlratiofls is to
illustraie .auses lhat are disproportionately affecting
steci6c populations, whenpreviously thal cause a6ected
large swaths of the population. Thus, $e did not
cal.ulate the mortality .oncenilation for causes that are
endemic to certain regions, as the mortality rate is
already knoen to be concentrated ahong specific parts
of the global lopulation- we excluded two endenic
causes, Ebola virus disease and chagas disease, from

GBD rerearch and reporting pactl(€5
This'research is compliant with the Guideljnes for
Accurate and Transparent Health Estimates Reporting
rccommeDdations (GATHER; appendix I tabl€ S4).1.

packages used in the cause'ofieath analsis for

Role ofthe funding source
The funder of ihis study had no role in sudy design, data
colledion, data analysis, data interpretation, or the

Result5
Estimates descnbed in the Anide ar€ viewable in
appendix 2. Detliled resulb for each €use of dearh in
the analFis are ai"ihble h downlodable fom thmgh
the CBD ResulB tool and via visual exploration ttr@gh
ihe online tool CBD Compare. Sunmari.s of results for
eacb cause ofdeath included in tlle analysis are aqitable

Global clusls of d..th
From 1990 to 2019, ih€ annual rate of change in global
deaths from all causes Enged from -{.9% (95% UI
-2.7 to 0.8) to 2.4% (0.1to 4 7; appendix 2 flgure sl).
The correspoDding annnal rates ofchange in the global
age-standardised motality late :.2n9 d ftolx. -1.3%
(-5.0 to -1.6) to 0.4% (-1.9 to 2. s). In 2020, how€r€r,
&e total numb€r of deaths worldwide inqeased
by 10 8% {6.4'to 15 4) conpared with 2019, frcm
s7.0 million deaths (5a.9 to 59.5) in 2019 to
63.1millioD deeths (60.6 to 65.9) in 2020. This trend
pe6isled in 2021. wirh d incrA.of7 5%(r'Iro12 a)
relative lo 2010, ro 67.9 millihR165 0 ro 70.8) de,ihs.
The ase.:randard,sed mortaliM;ab follow€d a simihr
pahc n, ,n, reas,ns by 8 rrcfuptpa! +1 in zgro .u,t

'.,"h[stt:'dFi;;,",.

(version 3.10.4), SIata
4.2.1). Statistical code ued
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Global age-sex-specific mortality, life expectancy, and @l@o;@
population estimates in 2O4 countries and territories and
811 subnational locations, 7950-2027, and the impact ofthe
COVID-19 pandemic: a comprehensive demographic analysis
forthe Glohal Burden of Disease Study 2o21
bBo 2u1 Deaoqap\is Latlabatdro6'

Summary
Backgrcund Estimates ofdemographic mebics .re crucial to assess levels ed kends ofpopulation h€alth outcomes.
The profoond imp.ct of the coVIDlg pandemic on populatioB worldwide has underscored the Deed for timely
eltimtes to urderstand this unpre.edenled event within tle conten of longnerm popuhtion hqlth trends. The
clol,al Buded ofDiseasd, Iniurie!, and Risk Factois StuO (GBD) 2021provides new d€mogaphic €srimatg for
204 coutris and terilorics ahd 8ll additiodal sulrnational lo.atioos from 19501o 2021, with a panicular emphasis
on.ha.ges in mortatity and life e4€cta.cy that occur€d duri.g lh€ 2020-21 COYID'l9 pandemic period.

Methods 2ZZ3 data soures ftom vilal regislEtion, sample registr:lion, sudeys, cosuses, and olher sou.€s w€r€
used to €stimte mortality, with a subset ot thse sourcB used ex.luively to etimte *ss mortality due to rhe
COYID.19 pandemic. 2026 dar2 sour.es were used for population estiimtion. Additional sources were us€d to
estmare migration; the e$cts of the HIV epidemicj and demographi. discontiruities due to .onflicts, f.mines,
natural dhasleB,.nd p.ndemics, which.re used es inpuls forestimating mortaliq, and populalion. Sp.tiotemponl
Ctrussirn prGess reFession (sT.c PR) was used to Senerale under.s mortality rates, which synrh.sised 30 763 lo.ation.
vears ofvital registration ard sample registrarion data, 1365 survqs and censuses, and E0 oth6r sou.€s ST.GPR was
also used to estimate aduh morlality (EtweD ages 15 and 5, years) based on iDtormation from 31642 localion.yeat
oflital regisiration and enple regisiration data,355 suwels andcensuses, and 24othersour.s. Estimat€s of.hild
and adult mortality rabes were then used lo gEneEte life tables wilh a .elational nodel life table s)stem. For counlriB
wirh large HIV epiddi.s, life tables eer€ adiusi€d using independenl estihates of Hlv.specific morlality genented
via an epidemiologic.l analysis of HIv prevalefte suFeys, antenatal .linic seiosmeillen e, and olh€r data sources.
Ex.ess morldity dE lo the COVIDI9 pardemic in 2020 ard 2021 was detemined by subliactbg observcd all.euse
frodalily (ediusted for laie regishtion and mortality anomalies) from the norrality expected in rh. abso@ ofthe
pandemic. Exp<ted mortality ms @lolated based o! histori.al hends using ao enseDble of models. In l@iion.
yars whoe all<ause no:lality data w€re uuEilable, we eslimled d.ess mo.i,lity rales using a regession modet
with covariates p€rtaining to lhe pandemic Populalion size was compuied using a Bay$ian hienr.hical cohort
component model. Life .xpfttancy was .ak'nered usi,g .ge-speifi. mortality ntes end standard demognphi.
methods. Uncerleint)'intemls (UIs) wde celdl.led for deF/ metric using lhe 25th.nd 975th order€d values Eom a

r000-draw postenor distribution.

Findingr clobil al<aus€ moflality followed two distincl patterrl! over the study penod: ageatardardised mortatity
ratB delin€d lretween 1950 and.2079 (a 62.8% 195% UI 60.sJs.1l dedine), and increased during the CoVID.19
pldemi. period (2020-21; 5 1% [0. 9-9.6] increse). ln contnsr with the overall rdse in mort2lity trends during
the pand€mic peliod, child mortality continued !o decline, with 4.66 nillion (3.9E-5.50) global dBths in childrm
younger than S yeE in 2021<oBpar€d wilh 5.21 tuilliod (4.50-6 Ol) in 2019. An eslimled 131 million (126-134
p€ople died glol,ally frcm aI reuss ir 2020 and 2021 rombined, of which 1s .9 mittion {ra 7-17 2) wde due to the
COYID.19 pandmic (measured by qcess modalib,, whi(h includes deaihs diredy due to SARS-CoV.2 infdtion and
those indirecdy due to olher scial, economic, or behaviouial changer associat€d witl the pand.mic). Excess mortaliry
rets exceded r-50 deaihs pc. 100000 population during at least one year of the pandemic in 60 (outrtries and
lenitories, whereas 20 natlon5 had a n€g.tive ercess mortalily r:le tu 2020 or 2021, indicating that aUsuse mortllity
in th6e.ountris ws lower during the pandmi. than qp€cted based on histori€l trdds. Betred 1950 and 2021,

global lif€ expqtarlly at birrh increased b,/ zz-7 yeaB (20.E-24.6), from 49 0 y*s (,16.7-51.3) to 71.7 y€are

170.9-72. ! lotol. l;re upecra ncy ar l,dlr dcclined b) 1.6 years (1.0-2.2) betweq 2019 and 2021, .desins
ih. A+ in i$se in lite e *pe(rancy wjle od, o[ s.fl.d in 32 ItS .76/ol of 204 countries a.d terirories
e and 202\ Tliy srobar p"puraJj!ry4adled"Aillion (7.67-8.r]) people i. 202r, by Bhi.h rin,e

io.s haee de.lined- The larsest proportioD of
Princ
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population grcsth betwer 2020 and 2021 was in sub.saharan AfriG (39 s% I2l.a-s2 71) and sourh Asia

126-3% 19-0--14-711. From 2000 ao 2021, th€ Etio of ihe popuhtiotr aged 65 y.ars and older to lhe population aged
pungei than 15 years increased in r88 {92 .2%) of 204 nations.

lnteryrctatio. Global addt mod.lity rates mrledly in.resed during lhe COVID-19 pandemi. ia 2020 and 2021,

reve$ing past decreasing lrends, while child mortality rates continued to declin€, alreit more slowly than ir artis
years. Although CovlD-l9 had a sobstantial imlact on nany demogaphic irdi@ton during thc first 2 yeaB of rhe
pandemic, overall global helth progrss over the 72 y€ars evaluated has been piofound, wilh consideEble

ilnprowmehls in morralily and life qpectancy. Additionally, wE obsened a deceleration ofglobal population gro&lh
since 20U, depile sleady or increasing growrh ir lowerincome countries, combined wilh a .ontinued glob.l shift of
populalion age stru.turB lowards older ages. These demographic chansB wil likely present tutue challengB to
health slst€ms, dorcmies, end sdieties. Th€ .omprehensive dcmographic estimales r€port€d her€ wil erEble
reseEhers, policy makere, he.lth practitioners, and othd key staLeholders to better underEland and ad&ess lhc
profound ch.nSes that have coned in the 8lob.l helth landscp€ following the first 2 yen of lhe COVIDn9
pandemic, and lonser-tern lrends t€yond lhe pandemi(.

runding Bi[ & Melinda Gales rooodation.

copy ght @ 202,1The Aurho(s). Published by llseviet Lld. This is an open A.c€ss arlicle uoder the Cc BY 4.0

Understanding mortallty and population trends over since cBD 2010.!'0 A comprehensive, internaly
time and across l4ations, age groupsi and sexes is consistent modelling strategy for estimaiing population
crucial for plannjng population{pecific publi( health and fertlliqr was inlrodMed in GBD 2017, gready
policies. Age-specific motali9 rates GD iDdicate the nnproving the coNistency of resdts." Previously, GBD
emergence of new adverse heallh dsls in specific diew on populariotr estimatls from the UN Polulation
locations, while polulation counts can inform resource Diyision of the Depaltnent of lconomi( and Social
allocation and aid ih planning fulure develophent. The Atrairs (UNPD). "' In cBD 2019, the demosraphi.
COVIDI9 pandeftic has highlighted the importance of analysis used population, fetility, and nortality estimates
demography in understandnE disease and injury to produ.e a typology that betterklped to spe.iry lhases
bulden' and the roles health policy and infrastucture of demographic transition.ro The CBD demoeraphy
have in healtl and demographi. outcomes.rr As the fGmework is part ofthe greater cBD enteTrise;thus, it
COVID-19 pand€mic ente6 an endemic phase in some ditrers from other demognphic research isitiatives by
locarions, demographic indicators can provid€ ihporbnl usiDs estimat€s oldiseas€ and injury burden to infom
cont€rt for undeBtaDding and addressing COVID-l9, population and morrality estimates, and vice rcrsa.
Iong COVID-19,'and the intecction berween COVIDI9 Attempting to estimate the etrects of the pandemic is
and other diseases and injuries. Furfiemore, now a mjor focus of CBD and other demoenphic
d€mographic trends in the decades before the COVIDI9
pandemic and reversals in lhose trends during the first The GBD 2021 denognphic analysis improved on
2 yeare ofthe COVID-l9 pandemic (2020-21) cn provide GBD 2019 by using additional data sources and re6ned
insights into potential longrerm effects ofthe pandemic. methods to generate updeted .stimates of monlity, life
These shifts in demographic patlerns, includhg in expectar.y, ard populatiotr size at the elobal, rgio.al"
populatioh groBt}) and age distnlruhon, can help policy natioul. and subnational levels for each year from
naters ahd publi. health experB beiter undentand how 1950 to 2021. GBD 2021 is th€ fint rounal to ibcorporate
the pandemic has impacted different goups within the COVID'19 pandemic into the modelling process
society and inforn strategies fo, fuiure pandemic through the estimaton of excess mortality due to the

Feparedness and health<are planning. pandemic, defined as the net ditrer€nce between the
The Clob.l Burden oI Diseases, Iniuries, and Risk number of deaths that o(.tured b€tw€en 2020 and 2021

Factors Study (GBD) is an evolving research efort that and the number ofdeaths thet would be expected over the
quantifies the shte of global healih.'The scope ofthe same- period based on pr*ious trends in all{ause
shidy has histoncally nrcluded estinatnrg key mortality." Tte unified approach to estimte all{ause
demographic metics and cohprehensive h.alrh metrics mortalib, and excess morbtity in GBD 2021 is an

lntroduction mortality estimates have been induded in each updaie

subnarional lo.ations that has innovation in current demographic reearch methodr.
has b€en esrimated as p4rt This facilitates analysis of the inierplay between widet

pro.esFes ed the COVIDI9 prd€mk. In
orthe {p} dernogr.pr,,. anarysis w. arlr ro
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Eviden<e b.fdE this study population(ouitifor2o4rcuntrie5andterlloiesand
TheUNPopul.tionDivisionoftheDeparthentofE.onomic 8llsub.atlonallocation5.ThitallNede5tlmatesofall<ause
and SoclalAflaits (UNPD) produ.eeeiiimatetandproje.tion5 mortalitytoinfo.mertimatesofexc65mortalityduetothe
of globrl, rcgion.l, and ratiora ldemogGphk metri6 rhat are pandemlq and vice ve6a. lh <ont,a5t, the demographi(
updatedbiannually.Theirlatertfndirgs,plblithedinthe esumates published byUNPDfor2020and 2021akhough
Wo d Population Protp{tt2022 revieion, incoporatedWHO basedondataavailableduringthep.ndemi.,dLdnotusea
€stimates of ex(ess mo4ality due to the COVID-1g pandemk u.i6ed framewo* ior all..a!5e and excess mortality.
in 2o2o and2021 E timatesof€xcess mortalilyduring the Add t oially,whlhtheUS(€nsu5 Burca! publ5hedpopllatio.
pandemic havetrlsobe€n9€nerated byihe lnnitutefor Feahh stimatesfor2020and202l,theestimaterwercadjustedto
Metics and Eva luati.n ahd the world Morrality Dataset. efect the etrectl ofthe paidemk for only a subser of lo.aIont.
Thelntematio.alDatabaseoftheUSCensusBurea!repod, GB0 202l ut lisedasuiteof.!5tomGedandvalidateddata
popuJation 6u mate5 and pojectioni for more than p@c6sin9 aid modellinq t@ls, 5ystematicaliy analysing

2oo countriesandare.5, ofwhich as!b5etare!pdated every thou5andtofdatasourestoprodu.eglobal,.egional,narional,
year Organi5ationt includingWrlO.theorgani5ation for and subnauonaldemogGphicenimaterbyag€, sex, and So.io-

Eonomi.CGop€ation.nd Developmen! andthe Euop€an demog6phi<lndex(5Dl)kvelforea.hye.rfrom1950to2o21.
Union r€leae demogdphi. estimates les regulai, end tumparedwithGBD2019,GBDzo2lutilised5296additional
rypi.elly ont for select 6etri.s or l@tions. some .ationa I data soures Addruonall, the mod€l life table ty'tem urd in

statistice of6ces alto produ.e then ow. detugdphk 68D 2021 ws imp.oved to provi& more ac(urate modallty
ihdkatoE The Cbbal Suden of Di*ases, lrj'ldes, and Risk estirotes for older a9€ groups. Allettimat t arc packaged

Fado6Study(GBD)g€neht€sr€gulaiylpdatedandglobally withinfrcelyac@siibledata-eha ng and vislalEtion took
,orpa,abk l"cath -etfts. iuding monalty. life

exp e.tan ry a nd p opu tatio n est mates fo r past yea 6 a n d lDplicatio's of all th e 
'v''labl€ 

eviden ce

IoreG5t5optorheyear2loo.Thecu(en!GBD2021cy(le6 
oxr"studv hrghl'9hts!he 

'mPadofthe 
66t 2ve'ts"'rh'

d elr'.oecedpobvcBD)0r9.whc.rcponeodemog'ap . covlD_'9 
'and(m( 

at " n tll klof,qknuldr'v'

6timrt.sfor204.ountri€tandt.ritori.slorcr(hyearlr.m demmslEt nq Mp((ede nr ed reve6al! nad!ltmortalltv'nd

1950throuqh 2019.Wh leea.hofihet.srudi.s rcpr.scnr I'fe e 'Pi'c.q rrend5,at the globr I reglona ' dmtrcm

impodantefiortstoprovideinsjqhrsrntodemographic 
levels Furthermore' globallv(omparabk measurcs 'fet"s

esumatesandthecovtD-lgpandemic,ontyGsDesumares 
mdtrlnvdue to thepJ'd,em c5howsubtt!nttlvariation mthe

.omplywiththeGuidelinestorAccohteandTansparcht 
burdene/perienced bvdifierent 

'ountrrcsandtcr 
tori6 our

Heatth Enimat ! Repo[ing, which ideni]h6 best pE(ticcs for @mPrehensi* rt ol demogEPh 
' 

5t mater Prcvid6 a fth

l.porting qlobal health €stimat€s de{liphon ofevolvinq lonq.relm trend, in moltalityand lif€
expectaicy aqo$ age 9oup5, sexer and sol hvets, aidour

,ddcd value of thir study pop! latioh analy*s ,eval chriging dynami.s aid age

6802o2llsoneolthe66tstudieslofullyevallate irudur6 with impli.ations for the lut!re ot health<aru
demographknendsinthe(ortextofthe6ut2yeauofthe sJ4lems, economies/ andteieuer-Colk<tivel, the 4timates
(ovlD-19 pandemic. rhe study employed a unlfred fGmerclk repofted here prcvide an nteqdteddemographkf6mso{
to Glcuat ex(ssmonalityrat6dletotheC0VID-19 forGBDandavaluablefoundauonforpolicyevaluatio.,
pandemi( along with a comprcheo5ive set of demog,aphic developmen! and implementation abund the wodd
meta6 including al16u5e moftality. life expedancy, and

plovide pohry make6 and the publi. $ ilh the infolmahon c.nbed on a single framNork to estimte both alL..ause
heeded to gain a better undeBtandihg ofthedemographi. nortality and excess mortaliq due to the COVID 19

context of disease and nrjury burden since 1950 and pandemic. The anal,,tical process for computing intemally
dtrrn rg the COVID-19 pandcmi. ln 2020-21 spe.i6(a1ly. .onsistcnt demographc es nates iichdcd six main

con?onenlsr (1) eshmating agespecific fertiliry htes,
Methods (2) estiruti.€ under-5 and adult (age 15-59 ) ears) mortallty
Overview ralesr (3) esrimatiDg age-slE ilic,notalty rates using a

For ea(h new GiD iteration, recently available dala and ' relational model life lable systetu with IIIV adj!6he;rs;
inrprovcd rnctnods arc used to udatc t1,. fnll tnnc s.rics la) .stnnating .xcess rnortality dre to dre CoVID-19
ofdemographic etimares from i95O to ihe latest year of pandemk and adjusting al;ue mort litv estimrs /\
.nJysis' CBD 2021!4$o€tii!i. estimries rh.refo,e .ccordrglEflpgnbng for faEldinontinuitin such,s l,lv
supe,sede arr pregD(1rii[&Gii--.\ /] *"".j&tt-!c9qd' tn,l disasre,s: and (6) estimatins I l /v

"fne GBD 202vbwaphi-i{qN$s r l{r/ly rol.ow.d poa#Eair siks. ro r*olve Ji'craancih due ro the v
thce used in grP7ole." rr 'ffijl:];,'** "t*'", ;","Tl'H'ff 'riltA..'; ]r:YH/ \\r"\lEir-',, 7 rndore1"11,1,i_i1y1.,.,*r,

ly followed
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and fertility estimates, the estimtion prccess Ms run
twic€: first to Benerat€ preliminiry nunb€rs, and second

to r€fiDe all estimates and €hsure inlefral conEistencl A
detail€d desoipiion of aI methods and anartical
flowchads for ell-euse mort litl fertility, and popdation
estimation ar€ available in appendix 1(sections 2-6, 8).

Thn stud), compli€s wilh the Guidelines for Accurate
and Transparent Healih lsiimates Reporting

{GATHER);"a completed GATHER che.klist is provid€d
iD appendix 1 (sdion8). Pltlron lversion 3.8. u and 3.10.4),

Stata (version 15.1), andR (yersionl.5 and4.2)were used
for siatisti.al analysis This rnanusoipt was produced
with the CBD Collaborator Netlork and in accordance
with lhe GBD Protocol.'" An intemstional network of
collabontors provides, reviews, andanalyses tle available
data to generate health metrics; the 2021 cBD round
drew on the expertise of more than u000 collaboratoB
across more tha. 160 counEies and teritories.

Data sources .nd processing
The GBD 2021 analysis ued a range of date ry?es for
mortality and popdation estimation that were identiEed
from e qEtenDti. search of avaihble daia ftom
govemment websites, statistic.l annuals, demogaphic
comperdia, largescle suneys, and collaloraior input;
.omprehensive details on the sources of input data are

available odine \ia the GBD 2021 SorIces Tool. Unders
mortality rates (U5MRS), defrned as the probabiliiy of
dcalh nom b,dh lo rtsc 5 ved,s. w( E $bma.ed using
10526 location-)ears of {tal reeistration data {3179 ne$
lo.ation'years for CBD 202l compared $ith CBD 2019),i
237 location-yeare of sample vital registratiotr data, and
1445 other souces (induding 57 new suneys, ore new
census, and ten olher nelr sourceE; appendix r s€ction 8).

Mult moitality, denned as the probability ofdeath before
age 50 years assumilry sffiival to age 15 years, was
estimated using l0 207 locatiotr-years of vital rgiluation
data (3150 rew lc:tion-years for GBD 2021 compared
with CBD 2019), 1435 location-years of sampl€ vital
registration dala, 75 (ensrs€s, 280 sDrveys (induding
65 sources of household death data and 167 sources
of sibling hisiory data), and 24 oiher sowces
(.!?endix r sectjon 8). Age{pecific mort.lity was
estimated using 43758 empirical lile tabl€s for 1950-2021
(compared wilh 35a06in GBD 2019i appendix r section 8).
Prer2lencesuweys, antenatal clinic serosuNeillance, and
vital registration were used to adjust for dre impact oftle
Hlv epidemic due to its exceptional impact on aBe-

specific mortaliq,. Iatal discontinuities werc accounted
for using 2235 location-years from vital registration and
237 other- sources l@mpared with 1812 from yital

registration aDd 174 other souces in GBD 2019).

Estimation of exess modality due to the COVID-r9
pandemic utilised an additional 146U9 datapoinB of alL

ow previous excess mortality estimation,n GBD 2021
used 1389 addiiional week or months ofdat l.

Population estimates utilised national and subnational
censuses (127 ov€rall; 25 new), population registries
(749 location-years of data), and post4numeration
suneys (161 in tolal). AdditioDalx migrarion drta on
refr€ee mo\em€nts from the UN High Commissioner
for Refugees and datas€ts for select countries lprimarily
Gulf slates and natians in the EU) wer€ used to infom

All-.aus€ mortality €stimation
CBD 2021 all<ause morialiry esnmation folowed the
anal}tical fr.nryork for mortality analysis used in
C BD 2019.t Point estimates fron surveys were generated
using both direct and indir(t estim.tion methods for
U5MR, while for adull mortality, they wele geneEted
from sibline hislory data with methods that .orct for
iDlerent biases such as zero-survivor end KaIl bias.
Time series estimates of lh€ completeness of adult yilal
regisEation d.ta were generat€d using th€ same
modelins pre€ss as cBD 2019, which used a
combination of five deaih distribution methods, and
point eslimates werc adjust€d accordingly.

Time senes ofunder's and adult moriality without fatal
discontinuities were estimtd using spatiotemporal
Gaussian process resressiorr{ST-cPR), induding a bis-
adjustment process for U5MR, to correct for systematic
ditrerences in the data sources and smooth results a.ross
time and location. Iducation, HIY and lagiistributed
income xtre induded as co,ariatcs, along witl U5MR
for addt mort lity. Ttese estimates were used es inputs
fot the GBD relational nodel Iife table system with
adjusbnent! for older.ase motality lo estimate HIV-fte
age4peci6c mortali, rates. HIv mortalib, was modelled
with a combination of ST-CPR, the Estimation and
Projection Package Age-Sex Mod€I," and Spectrum,'" and
subsequendy ced to produce life tables that induded
HIV mortality. These ebridged life tables wer€ ured to
generate fi life tables by single year age groups with
further &tailed age groups under the .ge of 1 year Sex-
redistiibuted and age-redistributed fatal discontinuities
by caue were aggregat€d by age and s€x and add€d io the
estimated mortality from th€ pr.vious ste? to gcnqate
lhe finel all{ause horlality life tables }y location, yeaa
sq, and age. we recalc ated abridged life tables,
induding fatal discontinuities for each location, y€ar, rnd
ser.ombination, and then calculated the final €nyelope
fron these abridged life tables. Detailed m€thods fo,
estimeting each hortality .ompon€nt are amilable in
appendix 1 (section 2).-

ity .lata at either weekly or monthly intlryals

Excess mortalityduetotheCOV|D-19 pandemi.
estimation
i'i#'J'i*,,o d'e ro rrre covro-f\andemic in
2020 dd 202lrs deEned as 0re ousenld allsEe
horEliry mn'us the mortaliry tllar wodioyep.rthd hJd

;\ prrncipal \ Y
:/ tndore+ortiruootPb*#fi& ,s -.
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the pand€mic not occurr€d, based on histodcal trends.
Xxcess d.aths &e those attiibured to the COVID'19
pandemic 6 a whole, both from SARS-CoV-2 inf(tion
and from other pa.demic'related factors such as defercd
,are s+hng'- trrss modal,ty w,s ulolated u<rng

simih methods as in Wang et al (2022),! with severa.l

key improvements. we included yearly obseraed d€aths
from vital resistration to supplement daily, weeldy, and
monthly obsened deqlh data. We the. used five lBriants
of the spline for weekly seasonal p.ttem dEt set ihe
second-tolast knot at 18. 2d 36, ,la, or 60 montlB to allow
lbr mor€ stable trends. To select covanates, we sed

Rover, a m€thod developed at the Institute for Health
Metrica and Evaluation besed on Bayesian model
r\. JBi,.g. Rov.r is concephrall) sinildr to d,e Bryesian
model averagiDg melhod, which is widely used to explore
the pdmerer space and aggr€gate estimates across

candid2te models based on perfomance metncs.'r The
hain drfferenle rs lhat wh e Bayesian model averaging
uses marginal lilelihood, Rover focuses on out{f-sample
performance. We indnded .ovariates pertaining to the
COVID-l9 pudemic, such as seroprevalence, and
background popuhnon health neEics, such as th€
Healthcare Access and Qualirl Index.! vith &e best
model s.ledd. we Ln ! prediclion proccss usrng
100 dEws for each covariate ard 100 draes ofestnnated
(o.ffic ienis and r.siduals. .stimJred from ftF resresjons
ru at lhe draw lelel using dra{-level input data on both
excess norlaliq and covanates. Mea. values and
95% uncertainty intemls (Uls) were then senerated ai
national, resional, and glolal lelcls. out-of-sample
predictire validity testing was .onducted based on our
final model specfication. complete scess mon.lity
methodology is detailed in append:x 1 (section 2.8).

To detemine a8e.sp€cific and sex'specific excess

nortality, we €stimated all<ause monality twice once
sith data ftom d dng the pandemic in 2020 and 2021

iftluded and onc€ wirhout. For lo.ation'years wirh vital
rcgistratiob data from dunng the pandemic, we
computed the ditrerence in estimated age-sex-specifi.
modality between the tlvo sets of estimaies- We then
applied this distdbution to our eacess monality estimales
to calculate age-specific and sex-specific excess mortalit/.
Dre to instalrility in age-sex dislributions and ihplausible
pattems, we used the global agesex distribution for
locations with fefler thaD 75000 errcess deaths. uless
othe ise noted (app€ndix I section 2.8). Other
pandemic'r€lated mortality (oPRM) was estimated by
calcrdating the diferetrc€ behee€n excess mortality and
rhe sum of deaths due direcdy to CoYID{9 jnfe.tion
ana indirect deaths due to lo{er respjralory infectio.s,
measles, and pefiussis. For lftations with a heg.tive
oPRM, w€ adiusted the tron-pandemic mortality

mortality estimates plus age-sex-specfic excess mortaliry
to ensure thai tb€ final mortality estimat€s including
mortality sh6ls were consistent with obse.ved high-
quality vital registration data.

Population €stimation
we used the BaFsian hierarchica.l cohort compon€nt
hodel foryopulatioD pbiection IBCCMP) fioh CBD 201,
toproducease-spe.ificpop ation€stin"t€s.r'Thismethod
used age-rp.cific fertiliq estimates from cBD 2021
(appendix I sedion li, rhe previoully des.ribed agespecific
mortaliq €stimates, ed availabl€ census and registr), data
as inputs. Auxiljary rctuge and migntion data were used
ro mfom the orior distnbution on ner migraxor jr
counaid with substantial mi8lation or reliable daia. T1r
model estimaies an age-specific 1950 baseline popubtion,
age-specilic ftt miglation, and age-sFci6c populaiion
estimales that are fully consiste.t Mth the input fenility
and mortality estimates. Complele ?opulation estirBtion
m€thodology is in appendix 1 (sedon a).

Exp€cted mortality based on So(iolemognphi( lndex
(sDl)e5timation
we analysed rhe rclanonship betwen age€pecific log
rortalitv rales aod 5DI uing MR-BR I {mer.{egression.
Balpsi egu'ari:ed nrmmedl.' a mera.rpgrpssion
programme (alpendix l section 6.1). SDI is a codiposite
indicator of a .ountry's lag-distlibuted income per capita,

estimates doslward accordin8l)1 We redishibuted small

F'g,r.li aonpht n* otvR syJbms rn 6BD ep{-nsionr t97t2oz1
Compkten6s n dtfioed a5 t re totl numhs oldurhs rcq nn€d ii allvR sFt€ms wthin : rup€r-,eqion du' n9
a5,erpeaoddivdedbyrh.roblnumberolstm rdde hswthlnrhdsup.rrcgion:ndp.,r.d,w h

ind ..r inq thar r lt dearhs rerc .eginercd rhe size ol dr J:bpoii6 Epre* 5rft numLsof

between lbe morialitv sol dbb.rl neih.wnh.qloh,l..mplerei.irrheda.hedbladlineind 6r?iqhbrl
6rr$l*nhnGdb..hin: md r'd'. :.d dhd (olored i€ 
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averaSe years of schooling, and the total fcrtilig_ rate in
females younger tlan aee 25 years (appendix l section 5).
MR-BRT defines a linear mixedctrects model with a

B-spline specification for the relationship between
outcomes oF interest and SDL We u3ed a cubic slline
with 6!e knots bet$ren 0 and 1, with leli'mosi and rthr
most splin€ segments enforced to be linear ed with
slopes mat hing adiacent intenor segments. To ensure

lhat lhe results were not sensitive lo the choice of spline
knots, we useda model..seable ofover s0 obi. splin€
models, as desdibed above. Ior each model, interior
knot placement Ms randorJy generated to be
between 0.1a.d 0.9, Mth minimud interknot disbnce
of0.1and muimum inter-khot disiance of 1.0. The 6nal
predictions were oblai.ed usi.g the ensemblo aggregate

over these 50 models. This nodel was perfom€d
separately for eech CBD age-sex 8roup. Ex?ected

nort3lity ntes for ea.h age€ex goup based on SDI were
used to estimate qpecled life spetano/. A similar
analysis was done for excess mortality rates due to the
COVID-I9 pandemic, with the er(ep6on ihat t$odegee

G€oqEphical units, age grcupr, and time pe ods
'We produced estimates for each demographic netric by
age-sexlocation-ycar for 25 age groups: early neordtal
(c{ days), late neonatal (7-27 days), 1-s months,
6-11 months, 12-23 months, 2-4 years, 5-, yea6, every

5'year age group up to 95 )ears, and 95 years and older

lfeftility estihated for s-year age goups between ages

10 years and s4 yeaB); for rnales, femalcs, and all sexes

.ombined: for 204 cormtries and teritories grouped into
21 regions and seren supei-regionsj aad for every year
from 1950 to 2021. We also included subnational analyses

for 2l .ournes and temrories {8€2,1. China, tthioprd.
Ind'a. h,donesia. I-an. llaly. Jdpan, Ken)a Mexrco.

NewZealand. Nrseria Nora). Palosran fie Ph .ppmes.
Poland, Russia, Sottth Aftca, Sweden, tle UX, and
the USA) and estihates by SDI quintjle. All counties
and tErritories were assigned an SDI vdlue ranging
from 0 oowest in.ome ard eductiohal attaitune.r and
high€st fertiliry) to l(lo and then Srouped into quintiles
from low SDI to hiSh SDL

Uncertainiy s€s propagated throughout the estimation
process. For under-5 and adult honality, ST-CPR
generaEd r0O0 dEws for every leation, year and sex

.ombination; 1000 draws were .Iso produced for the

.rude death rate associated with HIV esnmates. The
100 draws of excess mortality due to lhe COVID'19

?andemic were rpeated tcn iimes to ge.erate
1000 ilraws. These ikawlevel inpuis were thetr used to
creaie 1000 draws of all-cause mortalily esrimates .nd

metrics using the dlawlevei estimates. Th€ uncenainq,
associat€d with fertility and morlaliry eshmat€s was
included as inputs in the BCCMP model to produce
1000 &aws of population estimates.

Rohofthetunding rourc.
The fiuders ot *ris study had no role m !tudy design.
ilata collection, data analysis, dala interprelation, or the

R€rults
This s(tion presenis globel, regionat, and national-l.vel
results for key demogGphic met is: given space

consEaints, estimales at the subnational leel are
presented in appendix 2 and are also available in
dowa oadable form through the cBD Results tool. AI
subnadonal locations ar€ listed in appendix 1 (section E).

Civil reginntlon .nd vltal natlstl.s completen€.s
The Ploponion of deaths registered in vilal registration
etstems incrersed substantially at the global le!€l duing
the study period, from 30.3% in 1975 to a peak of
61 1% ir 2016. b€fore d€dining i. subsequent yea due
to lags in reporting (figure 1). completeness of death
registration ih vital registration systems uned markedly
bet*'e€n regions, however, most progress in completeness
was obsewed in China (whlre compleieness peaked at
71 2% in 2018) and India (where compl€teness peaked al
80.1% in 2019; appendix 2 tabie S1). Th€ Indian Sample
R€gistration Systeh is considered complete for the
sample population it coveB. Outside ofchina and hdie,
progess in deatl registration has been slow, with only a

10. 3 percmtage point iffreas€ observed in the rest ofthe
world betw€€n 1975 and the peak in 2016. This incease
ms corcentrat€d in nolth AfriG and the Middle East,

which improy€d from 20.6% compleleness in 1975 to a

peak of 56 0% in 2016. While registration has beetr
.omplete ldefined as >9s%i since 1rs for ncarly a]l
counEies in lhe high-income supeHegion and
central Europe, easuem Europ€. and central Asia. in
sub-sahann Aftica peak completen€ss ofonly 8.7% was
redched ir 2008 rnd completeness h.s declred since
tlen. Death regisEation in htin Anr€rica aDd
the Caiblean was mor€ r"riable: counEi€s such as
costa Ric, cuba, and Argentinalave bem complere (or

many rea6: resistraEon in .ountnes su(h ayPeru and
Ecuador h,s remained around 60-e0% cThfte. ara

[-prrncfal
Fie,.7.cr"b.r..dcBD.,p--.rln4org.lp ir pd$barmacy,.

ntcar. rn t.n,r6 (41{go*$Bl.M5P#),
lr.tuh, , nB a, I ?,6*d 

's 
rh! n ,ab..old.d\d p., r0o0 p.pub!6

f.r.l di*o ntinuhi6 are indior.d br rhe folowinq len B a. H N .prdehic
B.onflids in th. Midde Eas! c-war and g.no. de i. hdia Paldnaq rid

B{qhdeih n 1971 D=8. and g.oo.id. ln Gmbodia in the 1970i t=r*?nd.n
F-eatrhqu:[e]ntla iin2o1o;c-tamiie

Burds,of D]tr64. riuas.f{r R,,l

draw-level estimates of fatal dhcon
estimates and 95% Uls {the 25th and
from the 1000 draws) srre generated
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othc$, such as Bolivia, continue to lack registiation data.
At the national level. 96 counhies and teiritories had at
ieast 1 year of complele death registration betwen
2010 and 20211 29 countries and terilories withoui
complete deatl registranon had at leaEi 1 year of
registedng morc ihan 75% ofdeaths, and 4T.ouDtries and
terrirolies had no vital Egistration data in the GBD 2021

mortality database. Registratioh was incomplete or non-
g.istent in many counbies with large numbers ofdeaths
in 202r, espdally in sub.Saharan Africa, induding
Niseria and Democraiic Republic of Congo. In the
2020-2r period, super-regions had varying degrees of
lowered completeness indicatjve of lags in reporting
(6gui€ 1).

Mortality and life expectanq
Between r9s0 and 2019, slobal age-standardis€d al-cause
mortality rates per 100000 population broadly declined,
fiom 1980 s ase.standardised deaths (9s% UI
1855.5-2u5 0) in 1950 to 736 1 f/00.1-72.8) in 2019
(appendix 2 table s3A), shich equates to a

62 . 8% (60 . 5-65 . 1) dedine in mortality during the eatir
period. clobal al]{aus€ mortelity rates across thehuman
lfespan for the younger thar 15 years and older then a0

yeds age groups broadry improved for both females and
males betwen 1950and 2019 (frgure 2). This pattern was

rehnvely consistent across Nperregions, with the
exception of increased rortality h sub-Saharan Afria
duringthe HIV epidemic and a fluctuatingpattem in the
cenrral EuroFE, €astee Europe, and central Asia super-
region. How.ve, subnantial veriation in nortali$ levels
ud trends across super-regions and ove! time were
obs.n.d in the 15_l9-y.es age group. This age group

was particularly susceptible to mortality shocls such as

famlne in China between 1959 and 1961t co.flicts in
lhe Middle Fasl during muhipl" rire periods. war in
Irdrd. PdkisBr. and Bangladsl, ard gencidF iI
Bangladesh in 1971; war and genocide in cambodia in
the 190s; the Rwandan genocide in 1994j and ihe
earthquke i. Heiti in 2010 (figur€ 2). Conflict ard wd
had a larger impact on monelity ntes i. males dnn
females. Funhemore, the HIv epidemic had an
e<p..ralt h,Cc mp,.r on Lhls age $out rn
sub-SaharaD Africa and a lesser impact in southeast Asia,
east Asia, and Oceania. with a larger impacl on females
lhan tuales. Additionalll male moltality Etes increased
nr L3dr Aherica ahd the Gnbbea! duriDg the 200Os, to
verying extents in conn[ies su.h as 11 Salvadoa Peru,
Cuatemala. Honduras. Mexico. Venezu.la. and Bnzil
(appendix 2 6gure ss). An increase in male and female
mortrlrty q'as o|.erued in the \rgh-in,ome su?eFregion
dunng the late 2010s, which was most not2ble in
the USA, Canada, and spain (appeLdix 2 6gure Ss).

During the COvlD,l9 pandemic in 2020 and 2021,

globalage-standardisedall-causemorllityratesin.reased

W 21.9% 195% Ut 13 .6-31.1) for males ased 15 years and
older compared sith 2019 and 16.6% 110 0a3.a) fot
females in drF smeage grou! and bme penod. rrversing
trends in mortality obsen'ed b.foi. the pandemic
(aplendi{ 2 tabte Sl). ln conhst, during 2020 and 2021,

global mortalit) rates for bolh nales and females generally
remaired const2Dt or further decreased for age groups
younger than 15 years 16gure 2). ln particular, bet*een
201e and2021, global U5MR decreased by 7 0%(2.3-11.1).
This .onrinued reduction in child nortality was consistent
acros all superregions (ligure 2).

ffi of lhe monrlty ,ex r,rio by,9. ii
reritotur iKt d€d in rlrt nudrTh€ boxes rcprc*ntthe
n and rhe !n rke6 showthe middh 95* ofihe di r
bydividinglh.dk motutny hG by rhe

\
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Unlocking the lmmunomodulatory potential of Rosmarinic Acid
Isolated , from Punica granatum L. using Bioactivity-Guided

fEryfllAfg Approach: In Silico, In Vitro, and In vivo Approaches
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I.INTRODUCTION

A dlscasc-frcc stale may bc achieved in a living or-
ganism by slimularirrg or inhibiting rhe irnrnune re-
sponsc I l. A diffcrenl syslcrn of medicincs cxists for
rnrnagrnE di!(r\( drseJ:(\ dnLl pru!rdes a mrcjjvc
\J(,pc ul r(sr r(h ,rnJ dis.o\uy ot \rno,r. putcDr
hcrb. anu \nruhs ar natural rherap) I2-ql Mrn) herb-
\ \hrLl\ rlul prodU((.mrnunomodularon (tlccl, cithcr
rn ,.nglc nr combrnariun h,rc been cxph_rrcd I l0l.

Wiih thc help of various immunomodulalors. the
irnmune systcn can pcrfbrm bc er. Wide variclics of
rncdr. inal fl. r' jr(,r\lilrbre ro improrc rhc n.u.rrat rr-
,r'ldD(c ul l,\ jnE ortdnrjms agarnsl \ dtioui p huBLnic
dlld(l\\ rnd drc ,crenrrfically r(ported for lheir rnrmuno-

Gutdt, ct ul.

modularory activities. Currently, medlctnal tlora is ex,
hausri\cl) bcrng c\plorrd Ior hjgh-quat ) JnJ rnrght)
imrnunomodulalory L.ompounJs IlU-l j].

P tiird grdnot\n [-. is also comlnonly known as

fbrnegr.rnJte Hep iL r tury. cerehr,rl r,(helrir rcfct,
fusion inJur\r. ncurological diseases. ulcers. and ntany
other dtlntcnri dre U?d rondll) rreared u.rng r-rr.u,
parls ol P Erunatun L- [4. l5]. Previous researchcrs
using variols Dlodels hale proved its anli-inflammato-
r) aDd rmDrunur,rodulalor) actr!rU(i tlb-lr.l In nur
edrlrer \lLd) on JflhriltJ rirl\. lhe,lrlr-Jnh I( f,orc ttil
ofthe butanoljc fraction olP g/arrrm L. rind exn.acl
was evaluated. a0d a significaDt effecr was obscrved
l9l. As ofJanuary 12. 2024. thcre were 9 artictes on

a d;bh: o.har apqnrr

\1d;".**_
srne erprgf reg,t.tt." pr

er.ntl.t05 :m'iaxdr

Flg. (ll Inleraclivc mapping bclween v3rious co-occurring MeSH tom$ associalod with thc litemturc obtalncd fronr pubMcri n
telated to Pun.a rrdnutur, L. and flavone/ilavanot carorenoid/fla!onoid,rtkotoia remene,teipenn,a,st;.;;;;.,;;; ;;: lN\
llphcnol anrhocyrnrn srcroiJ. Mcradara from pubMcd wds pro(csscd rr vOS! ,*". d ti,rr.",',","j,,i"i-,;;;;;;;:;;;r l^\, "thi' lisute is avaitable in the electronic copy olthe anicte). - ;-:;;^.;'-\\ /t< <opr ot tae arnt\et_ prlncrDal \ I /
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PubMed when we used search tenns like..prrlca grd-
,a/rn (tirle) AND Immunomodulat* (title/absraa0..'
When we explored PubMed for anicles having ..prlr?!
ca granatun" in thei title and other search terms, like
"fl avone/fl avanol/carolenoid/fl avoloid/alkaloid/ter-
pene rerpenord gllcoside saponin.pol)phenol antho-
clanin/sleroid tn lheir lrrle absrract. il resulled in 109
arliclcr. ur on January 12. 2024. including 7 revrcr:, ar-
ticles. lnleresungl).5 out of7 revrews were publlrhed
in 2023, reflecting the sudden suage and idterest olre-
searchers. Vosviewer is a tool that is widelv used for
biblrometric analysrs [20-22]. We p166s55sj l1sq666s.
and absracs from these 109 articles in Vosviewer
and observed 306 McSH terms. 99 ofrhe MeSH teors
co-occumd in a minimum oI2 publicarions. Fig. (l) il-
lustmtes the interactive mapping between these 99 co,
occurring MeSH termr. Some of lhe top co,occurring
MeSH tenns were Lythraceae." _piant 

extracts,t
'liull.-"anlro).iddntl. anrhuc)anlnr.' pollphenols.'
"pheDols," "flavonoids," "hydrolysable tannins," , seed-
s," and "flowers." Ellagic acid is one ol the mosl
studied molecules, and il seems to be mainlv discussed
$ilh dnltorlddnls and animal sludies (Flg. I t. The tn-
leraclive analysrs also sutsgested that p. prunatun L.
hds been explored for rerious kinds of ph-yrochemical
classes, including llavonoids, phytosterols, lannins (in-
cluding hydrolysable lannins,, alkaloids. planl oils. and
amrno acidi. MeSH rerms relaled lo tnany pharmaco-
logrcal atlrvtller $ere also visible in the inrrractive
mapping. Some ofthose were related to diabetes. obesi-
ty. inflammation, cancer, and iDfections. Further. clini-
cal studies on P. granatun L. and some of ils major
compounds. like ellagic acid, signify its translatiollal
polential [23-25].

Conlinuing the above perspeclive, this study aimed
lo charactenre lhe immunomoduldtory comnound
ltom P \randt n. In this current tn\estigalron. \re
ha\ e u:ed rr? l'llro. r, vA?. and rr? v/rr, :.tudy prutocots
to evdluale pharmJcologlcal efflciency. Wi have uril-
izcd chrotDalogr3phic and specrroscopic techniques ro
r\olale and uharacreri/e lhe btoacli!e conlt uent ofp
Sronatu . L. Protein denaturation assay was adopted
for preliminary \creentng and bioactiviry-gurded isola-
tion approach. ll was then followed b1 neurrophiladhe-
sion tesl, DTH response. HA tjter, as well as a phago-
cylic assay to ascertain the immunomodulatory activi-
ty. Molecular docking, lvlD simulation, and MM/pB-
SA binding f[ee cnergy calculalions were performed lo
ascerlain the binding capabilities of isolated compound
with selected targets. Fuflher, ADME profile and toxic-
iry $ere plsdpl?dr\;{ed lL,r dnrg-lrLeneis

':./nl
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2. MATERIALS AND METHODS

2.1. Chemicals 5nd Solycnts

Analytical gradc solvcnls (procurcd frorr S.D Filrc
Chcmicals. India) wcrc Lrsed in ou. stucly. A precoated
Thi Lalcr ChromaloEraph) rfLCr ptarc ofu.: rrm
thiikne:' procrrrcJ fiom Mcrrk. Gcrmany, sas al.o rrrr-
lized.

2.2. Extrsction, Fractlonation, and lsolation b\
Bioectivity-guided Approach

Thc cxtracrion, fracrionalion. and isolation of thc
cot_nourd $'ct1'(drned olrr J!.orotng lo ortr f,r.,!tolts\rrd) / , . brur.lr\ iry rurLtcd r50trIhrn nro(...t.rrc L2o,
Briefly, 90'70 methanolic cxtrect was obraincd ll.onr
250 g ofpowdcrcd P. gr"dr.r/um L.. and il was iurther
lraclionaled using variolrs solvcnts. A prelinrinary phy,
locherrical scrccning ofall thc liactions had bccn pL,F
formcd prcviously to dcicflninc the prescncc ofscvcral
aclivc phylocompounds 19,27,281. Thc inhibxion ot'
prolcin denaluration mcthod has bccn rlscd to prc]iIni
nary detcrminc rhc anli-inllammatory polcnlial ol F I

to Ij5 (collcctcd fraclions). Among all fractrons. frac-
rion F4 cxhibired porent activity and. bascd on TLC, il
showed iwo spois,ibands [26]. Uoth spols (F4A and
F4B) \ crc,(rrtchcJ oul .rnJ c\Jl xrc,j u.r g.r pror(rfi
denaluralion assay [29] Both scratchcd spots werc
charactcrizcd using spcctral mcthods (lH-NMR. IjC,
NN,IR. lR. and mass spcclromctry) to dcrcrminc thcir
slructural identily.

2.3. Anirnals

ilcalthy and unlrcatcd Wisrar albino rars (body
wcight ranging betwce| 180-200 g) rvcre uscd in the
pharnracoloSical cvaluation of thc rsolalcd contpound.
They $'crc rnainlaincd uDdcr slandrrd laboratory condi
tions ar 25 + 2.C. rclativc huDidiry (50 a l5%). and
regular photoperiod ( l2-hour Iight-dark cycte) lhrough-
oul drc c\pcrimental pcriocl. A srandard pcllcl dict \lith
\1alu dl lihihhl has becn pro\ ided to all anrmals ac-
cording to slandard guidclincs providcd by rhc CpC-
SEA (The CorDnrince for the Purposc of Conlrol and
Supcrvision of Experintcnls oD Animals). Thc srudy
nrurocn. s.is follo\rcd aficr cc rnE dlnrovcl frnrn thc
IAEC (lnstjtutional Aninrrl Elhics Commiltec) (proto-
colDo.: 192/PhD/2012/lA EC, tsltNCpi I2-tl/,Maids u-
r) Thc mrs wcrc subjcclivcly scp ratcd as pcr lhc nrod-
cls, and six animals wcre includcd in cach group.

l) Thc samplc sizc was takcn as 6 rats per group.

" .'J.Tf :i; J:T.l.,l :H:', ) J:li.i:f T ::"'ml
..\rearch 

rn,rrrurc. rzarna,ar, Inaia 

rr,"",aurlf
'') ,ndorJ r:F ';r "r 

-1" ! l laimacy'ti!.,{li:! i .rr
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2.4. lnmunomodulatory Activity of Rosmarinic
Arid

2.4.1. Neutuphil Alhesioh Test (NAT)

As per lhe Wilkinson method (1978), threc groups
wcrc prcparcd Group I includcd normal rars trc.tcd
lvith nonnal saline, whereas rats ofgroups ll ard III
werc orally gi,"cn rosmarinic acid (25 and 50 mg,&g, rc-
speciively) The rosmarinic acid was given till the l4th
day. and on lhc lasl day of rhc cxperiment, Total
Leukocytc Counl (TLC) and Diflerenrjal Leukocyre
Count (DLC) wclc evaluatcd from rhe samplc (which
was collccted inro hcparinized !ials) []0-lll.

Thc bclow ibrmula has bccn uscd to calculatc thc
percent neulrophil adhesioIl:

Nculrophil adhesion (%) = NIu (untrcatcd blood
sample) ' Nlr (trcatcd blood sanlple) t 100

Nlu (unlrearcd blood samrle) (Eq. l)

2,1. 2. Henoqgl uti notitlg A ntibo\, @ A) Tite t
Rosmaiinic acid (25 and 50 mgikg. orauy) was ad-

minislcred to thc dnrg-lrcatcd ral groups for l4 days.
Simultancously. Sheep Rcd Blood Cclls (SRBC) wire
u:c,i ru immLnrTc al. (u lrol ajrd drup-trcrlcd Broulli.
lhc J:,) ,,n $ti.l rrnmulrz,,ron uc, ind,.cJ ".* ..on-
side.ed as day zero and thc dmg was conrinued until
l4 days. Olr llrc last day ofthc cxpcrjmcnt. blood was
collcctcd flom cach rat, and thc titer valuc was cx,
amined through titratiDg scrum dilution method. Anti-
bud) ritd $fl' con.rdcrud r. lrcm.rgtturillJlion ... rS,r
rnrnrmurn \olurne ol'scrum I341.

2.1.3. Delawd-i'pe Hrpersensitivitr, @TH) Resrynse

Rals rere di\'idcd into lhrec groups, and olely
group includcd six rats. Croup I was trcalod as a con,
trol. \!hile groups Il and III \,rerc administcrcd thc tcn
drug (rosDrariric acid). All rats lrom cach grL,up wcrc
rrcrrcd rr.rh 0 5 lU,r cellr SRBCs raclrng d. rD dnrF
pen) in rhe nJd ol rr'\.n8hl hrnd lool. TI^c rD)ntrni/,r
tion day \,r'as considercd zcro, and rosnurinjc acid was
gilen fbr sevcrr days Thc diffcrences in rhc pa$ thick,
nc.r,'brcln(d u.inJ pr(- rnd pu.r-Lhdllrlldc rhr(knrs.-
c\ iD lhc l,'ol $crc conirJcred for csscssine dcl:ycd--
typc hypcrscnsitivity rcaction and mcasu;cd in rnnr
[]51.

2. 1.,t. Phq:ocfiic Reslro n\e

Thc mclhodology proposcd by Cheng (/.?/. in 2005
was rdoptcd to dctennirrc phagocyric responsc [j6,]81.
lrom day 0 to diy 7, animals wcrc cxposcd to varying
conccnrrations ofrosDrarinic rcid (25 and 50 mg&g. rc-

eotkun et al.

spcclivclyl. Oll rhc 7 
| 

day. each animal reccivcd a 0.j
mU30 g iDtravcnous irrjcction ol prc-warmcd Indian
ink dispersion. Blood salnplcs (50 !l) werc taken froni
cach aninMl at a timc intcrval ol 2 and l0 rninulcs
post-injcction vla rctro,orbilal blceding. Thcsc sanrplcs
\r,crc combincd with a 0.1% sodium carbonate solution
lo brcak down thc red blood cclls. Ihc absorbancc ot'
lhcse samplcs was dclerlnincd at 675 nnr usirS a spuc,
trophoromqer. Afler lhc final blood collcction at I0
minutes. anintals were culhanizcd, and thcir livcrs and
splccDs wcrc harvcstcd and weighcd []81 Thc ,( valuc
was deiennined as follo*,s:

Crrbon clearaDce (K) = losOp2 - los Opl0
T2 T]

(|]q.2)

Phagocytrc indcx (o) = (Kti3 r body wt ol aDi,
mal)/(livcr wl - spleen wrJ

OD2 is thc log absorbancc olblood at 2 min: ODl0
is thc log absorbance of blood al l0 nrjni T2 is thc last
lllnc pu.nr or hlooli.ollcct ur). Il L rh( tir.r Ir)tc pullrr
of blood collcction [38].

2.5. StatisticAl Analysis

The valucs havc bcen cxprcsscd in nrcan + SEM.
Statistical analysis bctl,/ccn trcarcd and conlrol groups
rvas pe.fbrmcd using onc-\r'ay ANOVA and mulriplc
compa son tgsts to oalculate sigiliilcant dlffercnccs
Thc diflircnces wcrc measurcd as signiiicanl when p
valucs wcrc 0.001. 0.01. and 0.05. rcspccrivcly.

2.6, Computation5l Studies for Mechenistic lnsights
and ADYE Prediction

2.6, l. Liganl Preparation

l he lD struclurc of thc co-crystallizcd ligand was
cxtraclcd from thc cryslrl structurc or thc lar8cr pro,
leiD, and tlc rosmarinic acid structure was sourced
frnnr Pub('h(It Bollr thc lrEcnJ' u.rdcn\(Il opt'.r1r-
tion using rhe LigPrep rool in rhe Schrddinger Suirc
[]91, utiliziDg rhc OPLS 2005 lbrce fictd [40]. Ihc
Epik alSorithm lvas applicd al pH 7.0 + 2.0 ro cxplorc
thc poic0!ial protonation statcs ofall rnolcculcs [41]
Throughout lhc proccss, thc original chiraliry ol lhe
siructurcs was preserved. and laulomeric stalcs rwerc

crcated.

2.6.2, Pnteht Preparation
("crrhIrr rt RllN r r..rn cr\( rJl rrrg(r rJr ir L.n,,

modrrldlory Jruts, ind.rlso ha. Jnlrtroirlcrtrli\c tolr -
tial [42,43]. Ccrcblon ncSativcly rcSulatcs phaSocyto-
sis 1411. Sirrrilarly. CI)22 is wclhecognrzcd lbr ils inhi-

Nr
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2.4. lnmunomodulatort Activity of Rosmarinic
Acid

2,4.1. Neutrophil A.lhcsioh Test (NAT)

As pcr dre Wilkinson melhod (t978), thrcc groups
lycrc prcparcd. Croup I included normal rats n.ciltcd
wilh nonral saline. whereas rais of groups Il and III
werc or.rlly given rosnlarinrc acid (25 and 50 mg/kg, re-
sp(cri!eb,. [he roimalnic acrd was giren trll rhs l4rh
da). and on lh( la:l Jai of lhc c\pijflIrcnl, Iulal
Leukocyts Counl (TLC) and Differential Leukocvte
Count rDLCr sqc e!alrrarcd frum rhc.arnl r ruhictr
was collcctcd into heparinized virls) [30-]jl.

Thc bclow lbrmula has bccn uscd to calculalc thc
percent neutrophil adhesion:

Ncutrophil adhcsion (%) = Nlu (unrrcalcd blood
sample) - Nlt (treatcd blood samplc) x 100

NIU (un(eatcd blood samplc) (Eq. l)
2.1.2. Henagglutinating Ahtibodf fiA) Titer

Rosnra.iric acid (:5 and 50 mg/kg, ora y) was ad-
minislered ro the drug-trcatcd rat groups for I4 days.
Simultancousll,, Shcep Rcd Blood Cclts (SRBC) ware
uscd io immunize all cortrol and drug{reatcd groups.
Thc day on which immunizarion was induccd was coo,
sidcred as day zero and rhc drug \ras continued until
l4 days On thc lasl day ol lhc cxpcrimcnt. blood was
collcclcd l'rom cach rat, and thc titcr value lyas ex-
amincd lhrough lirrating serum dilution melhod. Anri,
bod) titcr uas corsrdcrcd J. hcrnxtsglulinrrion usrnE a
minimum volurn€ ofserum [34].

2.4.3. Delarcd-q'pe H)'pe$ensitiyi1 (DTH) Respo se

Rats wcr! drvidcd rnro rhrcc groups, and cvery
group includcd six rats. Croup I was trcatcd as a con-
trol, u hilc groups ll and Ill werc adniDistercd lhe tesl
dru.- trosmarrrrrc acrdr {ll rars i.om ca.h gro..p *rrc
rrcJrcd wirh 0 5 10'., (cll. SRBCS iacrins ds xn irnri-
Ccn) It thc lrd oI lhc riChr hrnd loot. the rnrmun],,:r-
lion day was considcrcd zcro, and rosmarinic acid was
given lbr seven days. Thc differences in the palv lhick-
nc'. ubrrin(d u.ing prc- rnd po{-(hall(nE( lhr!tncrr-
c\ in th( foor $crc con.tdcred lor rs:c..ing delrlcd--
iypc hypcrscnsitivity reaclion and mcasLrred in mm
t3sl.

2.1,1. Ph qgoc.t tic R e$po,$e
-lhc 

mdhodology proposcd by Chcng./ r/. in 1005
was adoplcd to dctcnniDc phagocytic rcsponsc [36-]81.
frorn da) u lo dJ) -.llnrnril,$crcc\lro.cdlo\ar)rng
concentraliolls ofrosmariDic acid (25 alld 50 Drg&g, rc-

Gottah.tot,

spectivcly). On thc 7'h day. each animal rcccivcd a O l
ml/30 g inlravcnous inlcclion ol prc-wrrnrcd Indirn
ink dispcrsion. Blood sanrplcs (50 g1) werc lakcn from
cach animal at a limc intcrval of 2 and l0 minutcs
post-injcction v/a rclro-orbital blccding. Thcsc sanrples
wcrc combincd wi!h a 0.l% sodium cnrbonatc solution
(o brcak down thc rcd blood cclls. Thc absorbanclr ol
thcsc samplcs was dclcrmined at 675 nm using a spcc,
lropholoncler. Altcr thc inal blood collcclion al l0
minules, animals werc cuthanizcd. and their livers and
spleens werc harvcslcd and wcighcd [38]. Thc K valuc
was dctcrmincd as follows:

Cxrbon cleardnce (K): lou Op2 - tosOpt0
T2 TI

(Eq.2)

Phagocytic indcx (o) = lKl/l , body wt ot anr
mal)/(li\]cr wt + spleen wt)

OD2 is thc log absorbance ofblood at 2 mint ODl0
is lhc log rbsorbancc ofblood ur I0 mint T2 is thc lasr
uIlrc p(,rnr ur'hlouLl(ullcc.ron:Tl r, r\r rirrr trmc porrrr
of blood collcclion [38].

2.5. Statistical Analysis

The valucs havc bcen cxpressed in mcan + SEM.
Statislical rnalysis bchvccn trcarcd a|d conlrol groups
was perfbnlcd using onc,uay ANOVA and multiplc
comparison tcsls to cnlculatc sigilificanl differenccs.
Tlre dill'crcnces wcrc measurcd ts signilicanr when p
valucs wcrc 0.001. 0.01. and 0.05, rcspccrivcly.

2.6, Computational Studies for Mechanistic Insights
and ADI\!E Prcdiction

2.6.l. Lifta 4 Pteparatiott

Thc 3D siructurc of thc co,cryslallizcd ligand rras
cxtractcd lioln rhc crystal struclurc of fhe tarSct pro,
tein. aDd lhe rosmarinic acid structurc was sourced
frrn. PJb( her" Botlr tl-c liganJ\ lrndcnvLnr on.rnij/J-
lion using the LigPrep tool in thc Schrddin8e. Suite
[39], urilizinS ihc OPLS 2005 forcc ficld [40]. Thc
Epik algorithm was applicd ar pll 7.0 + 2.0 b explorc
the potcntial protonation states ofall molcculcs [411.
ThrouShout the proccss, the original chjralitv of rhc
stnrcturcs was presc ed, and tautomcrjc statcs werc

2.6.2. Ptu(eh Prcpqrution

C(r(o,,.n t( RIINr r,.rn(\s.jrlr,rl l:,rq(r tJr rnt..Jr,,.
nroduliror) Jrutss,no .rlso 1,". snu|rolrt(rrli\( Tol(n-
tial [42.43]. Cercblon ncgali!cly reSulalcs phagocy()-
sis [44]. Sirniiarly. CI)22 is well-rrcognizcd lbr ils inhi-
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bition ofphagocytosis and is a promising optjon for tar-
gered immunorherap) [45-481. Considering thcsc find-
ln8s. we havc sclected two targels, Cereblon and hu-
maD CD22, for the computational studies to assess the
molecular mechanism of rosmarinic acid's immunomo-
dulatory action and to undcrstand ifrosmarinic acid in-
duces phagocytosis by inhibiting these targets. The
crJsral srruclurcs of Ccreblon rn complcx $ilh 3-
[(phenylsulfonyl rmerhyl lpinefl drne-2.6-dione tpDB
ID: 8AOQ) and human CD22 rn compler \ rlh alpha
2-6 sral) Iacloje {PDB tD: 5VKM) were acquired dom
thc RCSB prolcin dala bank [49. 501. Thc prolcir) pre-
paraUon worlflo tool tn the Schrddingersurte 2b22
was urili/cd lo preparc thc slruclures ro bc utiLTcd for
computarional studies [51]. This jnvolved adding hy-
drogcns, assigning chargcs, refining bond ordcrs, and
removing all non-slandard residues (including watcr
moleculcs) from rhe PDB fi1cs. Subscqucnlly, the pro-
tein's miniDizalion was performed using rhe OPLS
2005 lorce ficld, which was followcd by adding any
missing side chains using Prime [51]. For docking sim-
ulatioos, the receptor grid was generarcd with ils ceDtcr
points set at X = 25.76, y = 19.44, a\d Z = -7.78 fot
Cereblon, whilc X = -53.65.Y = )0.62. aDdZ= 19.41
for human CD22. Dimcnsions werc defincd as X = l0
A. Y = l0 A, and Z = l0 A. Considering the protein,s
subsrrate-binding region. these dimensions were detcr-
mined lo ensurc an appropflate grid box slze.

2.6.3. Re-locking dhd Frcc Bihding Energt Calculo-

To assess the reliabiljty of Clide. which was em-
ploycd tor docking. uc conduclcd rc-dockrng cxpen-
ments using co-crlslallized Iigand5. The co-cryslall-
i/ed ligand rlructures ofCcrcblon (PDB tD 8AOe, Ii-
gand l-[(phenylsulfonyl)methyl]piperidine-2,6-dione)
and human CD22 (PDB ID: 5VKM, Iigand alpha 2-6
sialyl lactose) were redocked into the active site using
thc standard prcrision mode 1521. The RMSD valucs
\lere 0.1512 A for Cereblon and 0.5q07 A for human
CD22, respcctivcly. Thesc results confinned lhc robust-
ness and accuracy ofthe applied rnethodology. Further-
,norc, rhe dockcd posc ofbolh ligands aligncd pcrfecl-
ly tLith thcrr respectivc conformarrons rn rhe cryslal
structures. Afterward, rosmarinic acid was subjected io
docking against both these targets.

2,6.4. Molecalat Dynamics (MD) Simulatio$
As rcpoflcd carlicr. lhc slabrliry of variou\ pro-

tein-ligand camplexes resulting from molecular docl-
ing was investigated using explicit solvent MD simula-
tions I53]. A prolcinligand complex was simulated for
i 00 nanosccoDr&-.SfiE-GROMACS version 20 I9.4

Ck.ent M.di.lnal Ch.nistry,2024, yol 31, No, J6 5973

while employiog thc charmm36-jul202l forcc ficld
[54]. The force field and paramerer files for ligands
werc generaled using thc CCenFF (CHARMM Gener-
al Force Field) [55]. The complexes were solvared in
cubic boxes wilh periodic boundary condilions to
conducl thc simulations. Thc TIP3P water model was
used, and a minimum distance of l0A was maidlained
bctween thc box and lhe solute- To achievc a fleutral
charge, sodium and chloride ions were added at a con-
cenlration of0.l5 M, with a gradient tolerancc ofless
than 10 kJ/mol/nm. Before the actual dynamics simula-
tioDs, the syslcms underwcnt 50,000 steps of cncryy
minimizalion using the steepest descen! method. The
LINCS-like algorithm aDd Particle Mesh Ewald (pME)
melhod were employed to reslrain all atoms and han-
dlc loDg-rangc elcctrostatic intcractions to control the
dynamics during simulations. Shorl-range Van der
Waals inlcractions were considercd within a cutolldis-
ranccof lOA. Ihcequilibrationof lhesysrcnr: $ajp(rr-
fonDcd iD rwo phascs, in\olving 100 picoscconds cach,
under lhe NVT (constant Number of particles, Vol-
umc, &nd Temperature) and NPT (constant Number of
parliclcs, Pressure, and Temperature) enscmbles. A V"
rcscale lhennost&t and Parrinello-Rahman barostal
were used to control 300 K temperature aDd I bar pres-
sure during equilibration. Following cquilibratioD, a
production .un of I00 nanoscconds was caried oul us-
ing the NPT cnsemble. The resulring tralccroflcs oflhe
simulated systcms wcre then saied for the derarled
analysis. Built-in features ofGROMACS, such as gmx
rms. rmsf. and hbond. wcrc ulilizcd to anallze \,aflous
propefiies throughout dle trajectory, including Rool
Mcan Squarc Dcviation (RMSD), Root Mean Squarc
Flucruarion (RMSF), and hydrogen bonds. pyMOL
and VMD softwarc were cmployed for visualization
purposes so as to examine and inlerprel the stnrctures
ofintcresl [56,57].

2.6.5, Binding Eneryy Calc ations usi g MM/PBSA

The MM/PBSA protocol was employed to deler-
mine the relativc binding cncrgics ofspcciflc protein-li,
gand pairs. The followirtg equalions were utilized 10
calculatc the frcc binding energics for each complcx:

AG bind = CRL - (CR + CJ (Eq. 3)

Hcrc. CRL rcprescnls thc binding frec cncrgy ofthc
reccploFligand complex, whilc Ck and GL correspond
lo the binding Iree cnergies ofrcccplor and ligand, rc-
spectivcly. Evcry 500 framcs from thc last 50 ns ofthe
trajcclory werc used. Thc delailcd mclhodology adopt,
ed was resourced from our prcvious work [58]. cmployur prcvtou\ worK [)6], crnpto]
rng lhc 8 mrntbsa lool corrrprled $ith Cl(OMAN ro
calculurc rhc brnJrng ri(c cncrE) oJ thc lrgflr'ds l5bl\\ .,r",.w
1o,' . )1 tnrt.''t".r,l :- lr r6'moeY'( 
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2.6,6. Phamaco*inetics and Toxicily prediction

The S$rssADMF tool \aas used lo predrcl lhe phaF
macokinclics and druB-lrkeness of iosmarinic'acrd
[60]. Various parameters considered in the current
sludy includc Log Po/w (iLOCp), Log po,w (XLOC-
P3), Loe S iESOL). CI absorption, BEB pcrmeanr, p-
gp substrale, CYPIA2 inhibitor, Cyp2Clg inhibitor.
CYP2C9 rnhibiror. CYP2D6 inlibiror, Cyp3A4 inhibi-
lor. LoB Kp (skin nermcarronl, Linrnski. and bioavaila-
bility score. ProTox,ll webserver was used for loxicrly
prediction 16ll. Toxicological parameters laken int;
consideration weq) hepatotoxicity, carcinogenicity, im-
munotoxicrly. mulagenicity. cytoloxicrty. Aryl Hydro,
carbon Receptor (AhR). Androgen Receplor (AR). An-
drogen Receplor Ligand Bindtnts Domain tAR-LBD).
aromatase, Estrogcn Rcccptor alpha (ER), Eslrogcn Rc-
ceptor Ligand Binding Dornain (ER-LBD), pcroxi-
sornc Proliltralorccr!aled Rcccpror Camma (p.
PAR-Camma). Nuclcar factor {cryrhroid-derited 2)--
I (e 2Anrioxidant Rcsponsire Eiemcnt (Drfl/ARE),
Hear Shocl facror responsc Element (HSE), Milochon-
drial Mcmbranc Polcntitl {MMP), phosphoprolcin (ru-
mor supprcssor) p53, and ATPase family AAA domain
containing prolein 5 (ATAD5).

3. RESULTS AND DISCUSSION

3.l.ln yitro Eval'u^tion oI Subfisctions

Based on the resulls of thc protein denatultion as-
say, sub-fractions (Fl-F5. concentralions ranging from
l0 ro 500 t9/ml, signifi(anrt1 inhrbrted protern dinaru-
rarron. our sludj revealed rhat [4 sub-fraction exhibir
ed more potent inhibirion than Fl, F2, F3, and Fj (Fig.
2,, Icadlng us lo conclude F4 as lhc tnosl porcnr sub-
-fraclion oul ofall thesc lcstcd sub-fraclrons

3.2.1n yitru Eyatt rtion ofScrotched Samples (F4A
3nd F4B)

The prctein denaluralion assay revealed that the
sub-fractions F4A and F4B, isolal;d from F4, exhibit-
ed significant iniibition ofprotein denaturation at con-
centrdrions ranging from l0 to 500 fg'ml. We evalual-
ed each sub-fraclion and found F4B to be siSnificanlly
better (Fig. 3).

3.3. Chlrrcterization of the lsolated Compound

Aficr rsolaling lhe compound, we performed TLC
dnd fo[nd lhe Rercntion faclor (Rf) value lo be 0.63.
Wc tested various solvells to determine solubility and
observcd that the isolatcd compound was freely solu-
ble in methanol and waler. The isolatcd compound ap-
peared as a light gray colored powder_ Based on lhe
UV, FTIR. NMR. and mass spectra, we deduccd the

e

s

:

s

Gattan' 
"t 

al

molccular lbrmula ol Cl8H I608 and thc conrpound as
rosmarinic acid ailcr vnlidating our rcsu[s with thc
publishcd litcrarurc [62].

concentr.rion {!s/m0
Fig. (2). CornparuriYe inhrbrtory cf{ccr (conrprrcd ro rh0 nrn-
dard drclofcnac sodium) olditlcrc|r sub-lia!rrcns obiained
liom the bulanolic iiacrion ol lhe nrerh0notrc cxlracr ol p
r,,.rhrlI rdJin{ prorL.nrcnJrUrruuri tI h,th?, \\,ln-
aon ,"],-ur,t^h,n 4 hit lirtu. it rrttl,,ht; in h, 

".tt?kic cnpr althe articlt).

co.c€ntration (!s/mr)

Iig. (3). (ornpsruti!e inhibiron cfl-ecr (conrparcd ro rhc sran-
d3rd diclolinac sodiunr) of scrarchcd samples (t'4A and
I4a, ub.*(J rn rlc prurLin J\r !rJrdr..,n J..j) r.r /,er.,
tr.., tLt,Lt r,tt-),,,.^i,a -1 tl-t. ttEhh. r,t,.t.t.tt 1,..\ tti
llet!,1r1i. ept i th? uti.le).

Our previous siudy showed 1hat rosmarinic ucid
(500 rng kE rrallyl drJ nor n.ooUcc ir,y toI,J .\rnp
loms, behavioral changcs. or morralily in rhc lcsted ani
mrls [26]. According to do Nascimcnto er d/.. LD50 oi'
rosnrarinic acid is around 2500 nrg/kg [6]1, so safcty
scenrs rot to bc an issue for rosmarinic acid.

3.4. f valuation of lmmunomodultltor) Actjvit)

3-1.1. Neutrophil Adhasion l'est

At 25 and 50 mg/kg, rosmarinic acid produced o
highly srgnilrcanr rncreasc rn ncutrophrl adhcsron. An
incrcasc in nculrophrl counl in thc blood oIborh trcal-
ed Broup, !\d\ a.:o obscrvcd. Hos.c\cr, rosmaflnrc
acid shoucd a dosc-dcpcndcnr pcrge{rrgc risc rrr ncu.rcro snoqco a 0osc-dcpcndcnl pcrlalrJgc flsc t nc
lrophil adhcsion. Thc rciults arc IJULIITd ur lablc I

l^(! ,N ,\K,
lndiria Iusiillrle of l'harmag/.

INDORE(M.P.)
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Table L.Iffecr ofrosmarinic rcid on neulrophit counl. RA: rosmsrinic ucid; TLC: totat leukoc]re counri ua, unrreared
blood; :iFTB, nllon fibcr trealed blood. Valu$ are expr€sscd as meln+S[]I, with n=6 in each groupi **/,<0.01, com-
pared to dherse control, ***p<0.001, compared to dis€lie conrrot.

Tablc 2. fff(cr ofrosmarinic rrid on Deta)!d-'rr-pe Hypersensitivity (D't'H) and Hcm,sstutinaring Anribody (HA) iitcrin rals. valu$ nre erpressed .s mcan+SfM, wirh ,=6 ir erch group; ** /,<0.0r, comp.rre; to disc;se controt,***p<0.001, compared to disease control,

TLC (l0l/mn3) (A) Neutrophilrzo (0) Neurropltil Index (AxB) \outrophil Adhesion (,/o)
LB NF'I'8 LB }l:I B LB \fl8

214+0.11 24646 I77.1215.4 162
RA (25 n'q/kq) 6 7+0.51 2641125 2111215.6
Il-,\ (s0 ng/ke) 2lJ.lr l.l 25r 116.5

Ddalcd Tlpe H) prncnsiti\ irt R.spons
(mn') !r 2r hrs

Deh!€d Type Hyp.rsensiiiviq Rsponse
(mnr rl,r8 hro

ll.\-lircr

Nornrlcontrcl(!0 niYkg 0.29a0.01 0.21i0.0:l 2rt5+012
RA (15 ng/tg) 0.58j0.01*. 1t2ta221*'

0 8210.04"'

3.4.2. DTH Rcslronse qnd HA Titer using SRBC ss
AntiEen

Rosmarinic acid demonstrated a dose-dependent in-
crcase ir DTH reacti\,ity in animals (Table 2). At a

dose ol50 mgr'kg, rosrnarinic acid produced a highly
signil.cJnl v., 0.0u1 ) incrcir\e rn DTH resllon:ca(tjvr-
ly, indicating its potential as an immunonrodulatory
agent.

crcasc (p <0.01,p <0 001) in thc HA tiier. which conr-
inucd to risc *ith incrcasing doscs (Tablo 2). Thc rc,
sulls suggcsl lhal rosmarirjc acid posiiively affccts rhc
immune systcm and carr cnhancc thc body's ability to
fighl infcctions. Ovcrall, the Il|dings ol this stud! pro,
\ r\lc rrnpL,rrJIl Ii.rgltt: rnto rlc p,,t(nl.rl rhcrap:r.r c -p
plicalions ol rosmarinrc acid in rmmunoo)odulution.
and waranl li11hcr invcsligarion

3.1,3. Phagocttic Response

iiurNiay.

Rosmarinic acid at both doses enhanced (p<0.01.

o6J-falsoobscrvedductorosmarinicacid.
E a] I I 3.5. Morecurar Docking agaidst rmmuromodurato-

ElIIIryReceptor,l 2l- 

- 

I The rcsuhs oflhc docking and rhc frcc binding cncr-

r I I :i:::"f:f:*.$*y:J";1iTYffH:fiil,,lif;t::;
.O ..o .,o primc for both targets arc presented in Tablc 3 and Fig.

/ '.lL/ t .,
u.lt/ r ,ilri r'\-'
UJ,

)/>\---/-&1.

.o .,o ..o rr r r(i uu' 
'drsc'\ 

ri rdDrc r.rno rrE.\: 
^ds- ^O\*- 

(5r Jr,4l lhc conrpar.son hruccn rhc dori.rng siorr.
.!6' 6so and MMCaSA cnergies indicnlcd thAt rosmarinic acid

e9' €' bound lcss strongly to both targcrs th n thc co-cryslall-

Groups ized ligands' However' in lhc case ofccrcbolon (Fig.

Fis. (.r), E,l.cc, or rosmar,nic ,.id on phngocyr ( ni,c\ n :Y,l il: iill:: ::l, i :lil:1,.i1"T"f;,1'"il;":,'li
ftts. \A highct rrsoluti.n ,olon t'crti.n ol thi! litltnc ir pHE77. salsoobscrlctjillrhccascol.thcco-clystrll-
atuilahla )t th-e !14tu)nk rop\ oltllt uttilel. izcd inhibilor. Addirionally. rosnarinic acid lornrcd a

lurrhcrmore, after imnrunizarion wirh sRBCs,lrcar, Llll:5;,,-H'..[i,'\f :,'.'f-iliq:"fl1-;,1 
,J:,: 

5;|.uflncrmore, arer lmn]unrzatron wrth SKBCS, trcal, stacking rvith TRp 85 and TRp pq ln the casc of
menr s irh ru.lni,nnr( .,Lrd rc.ully in J rorr!ccbt( rn- - CD:l r-t-,u. 5Dr. ro,n.,rrnrr rcr,t c[\irc.t .,r, rrrr,:r:..-

,, I ,'Y'
,,,II.'-"-li;/ YHg '|\iirN j 226



T€bl€ l-.Effecr of rosmrrinic rcid on neutrophir court. RA: rosmarinic rcid; Tr,c: rorar leukoclre counti uB, unrrearcd
bloodi NFTB, nylon fiber trested blood. Vrlues are exprcssed as me{n+SE}1, wirh ,=6 in er(h group: **./,<0.01, com-
pared to dh€rse control, ***p<0.001, compared lo diserse controt.

Tabl. 2. Ittecr ofrosmarinic ,(id on Der!]cd-T!-pe HJpcrsensitiviry (DTH) and Hrmnggrurinatins Aniibody (HA) rilcr
rn rals. \rlues arc erpressed !s mcan+SfM! \vtrh ,=6 in €ach groupi ** /,<0,01, comprred to discase conrrot.*r*p<0.001, compared lo disease cortrol.
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creasc 1,, <0 01, p <0.001) in lhe HA riler. which conr
inucd to risc with incrcasing doscs (Tablc 2). Thc rc-
sulls suggcsl lhal rosmarinic acid positivcly aflccts rhc
immune systcm and can cnhancc thc body's ability tL,

fight infections. Ovcrall, thc llndings oI rhis slud), pro-
\ idc rmpuflanr tnjight: rnto rl.c nulcnl)r. lhcmpcr.t.( -f-
plicalions ol rosmarintc acid in immunon)odUlation.
and w rraDl l'uflhcr iD\cstigation.

3.1.3, Phago(ltic Respohse

Rosmarinic acid at both doscs cnhanccd (1,<0.0 t.
p<0.001 ) phagocytic indcx significanrly (Fig. 4). An
cDhancelncnr in rhe clcamncc ofcolloidal carbon was
also obscncd duc lo roslltarinic acid.

3.5. Molecular Docking against Imnrunomodul:rlo-
ry Receptor

Thc rcsulls ofthc docking end fic lrcc binding encr
gies crlculated using Molccular Mcchanics with Gencr,
aliscd Born and Sulfacc Arca solvation (MMCBSA)
primc for both targets are prcsented in Tablc I end Fig.
(5) J64l Thc.orrrDinion brl$ccD rh( (lo(trnj \.or(\
and MMCBSA energics indicalcd rhat rosmarinic acid
bound lcss strongly to bolh rarScts than thc co,crystall-
izcd Iigands. llowever. in thc casc ofCerebolon (Fig.
5B). ru,rn.,rini( -Jrd ,ir.nlr)cd llbord rnr(r:.r.,.i
wilh thc criticrl activc silc rcsidues. TYR l0l rnd
PHE 77. as clso obscrvcd jr thc casc o,-rhc co-crystall-
izcd inhibircr. Additionrlly. rosrnarinic acid lornrcd a
hydrogcn bond with CLU 76 and cngagcd iu pi-pi

iB 5Dt. rosm.rrrnic ucr.l c{g}rrerl .ur irrrcr-c.

-9

.9

B,

o-

3.4.2. DTH Response ah.l HA Titer using SRBC as
Ahtigen

Rosmarinic acid demoIrstrated a dose-dependent in-
crease in DTH reactirilv in animals (Table 2). Al a
dose of 50 mg/kg. rosrnarinic acid produced a highly
signilicanl (/< 0 001) increase in DTH response activi-
ty. indicaling its potenrial as rn immunonrodulatory
agrnt.

.o

Iig. (4). Effccr of rosmarinic xcid on phagocyric nrdex 1n

nts lA high.r rctoluturt / colout t tian ol this ljgute is
atuiloll! i !h-e clc(tn)ni. (\t)\'ol the urti.le).

Furthermore. after immunizarion with SRBCS, rreaF stacking wirh TRp 85 and TRp pq. inihe casc of
ment with rosmarinic acid resulte, in a noticeable in-_,_-CD22 (Fi

,*q ,$o

trso 
".""€' +F'

Groups

TLC (rot/m! ) 0{) \euirophil lndex (AxB) \€utrcphil Adh€!io. ('%)
lll Nt'l8 Ili } TTB IB \f t B

162
R4 (2s n,s/kq) 7.6a 0.65 6.7+0.52 26 4+ l:5 ,6 7+l 5*r 2t t.12+5.6
IL\ (50 mg/kg, 2li.ll l ll 25.1.1j6 5

DehyedT)peflypeEensiliyltl Responsc
(mm) !124 hrs

Del!!edTtpeHyperrositivit) R.sponse
(mm) !118 hrs

ll,\ tircr

Nonnal conrrol (10 nrl,kg 0 29a0.03 2135+012
2 RA (25 mg/kg) 1t 2l +22tt1

RA (50 m&,lg) 79.42 { 2..15.r.

227
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lrur ndltcrn \imrlar lo lhc co-crysralli,/ed lrEflnd dlpl)r
2-b sial) I lrclosc. inr olr ing H-'bond rnlcra;uons wrrh
ARC 120. MET I29,andARG lSl.TheMDsimula-

Aauon et al.

tiorrs werc pcrformed lo funher undcrsknd thc stability
and inrcraction pattem of thc dockcd rosmarinic acid

BA

TRP 99

DC

MET 129

RP I28

Fig. (5,. f^ ) JD rJperpu(tuon rnd brndinE int(rJcrion, or oockcd lus( s irh ,raI\c !o Lry:rd r/cd .rEanJ rn curnptc\ \ jrh Ccrc.blor)rPl)lJID.n4OQ),B,tsrnJrnBinerJcrr,,n,otror.narnicacrdinuur.rntcxwirhacrcblor ri, supcrp,^ir or or J". tcd
p,ose qirh ,uri!e LU (ryir.tlliz.d trBand dnd brndins inlcraclions in complci \\irh humar CD22 (pDB ID, SvXV). una (Ot
urndrnernrcracrlunrotrojnrflnrcacidinromptcxwirhhumancD22 (t hisher itohttk,l i.atour wr!io olthi!lisurei\
n\nttttt 1t tn thL rL\1hrji t,f,t,,/tltc t^l!)

'Iablc 3. Dockins scoreand NIITGBSA energ] againstC€rebton and hum,n CD22.

q.

harmacy,

\'IIICBSA (kcrl/nnn)
Ccrcblon tPDB ID: 8AOQ) I,l(phcnylsullon),1)ncrhytlp,psrd,nc-2.6djonc (co crysr l,zcd trBand) -9 lt2 ?2 t0
Ccreblon (PDB lD 8AOQ) -51.07

cD22 (PDB lD:5VKM) 2-6 si.lyl lacrose (co-crystatti2ed ligard) -5.Ii67 -719l
CD22lPDB lD: 5vKMl I \ -42 57

?(UTE;'\ Prr\fpat

Li
u^1
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h od o.t alutu! potent io I oI R osn arid i c A cid

3,6, iVD Simulation

Thr srudl airneJ lo xssess rhe srabilir\ anJ ac(.urd-
cy oldill,rrenr prulcin-lrBand conrf lcxe\ ;ouined fi om
docklng studte. b) sltbjecUng thcm to 100 ns MD srmu-
ldl;on' ( frg. 6J. Ihc RVSD J d for lhe Irgand brnding
tu Ccreblon (llg.6Ar rcverled rhat co-crijlallr/cd ll-
Bsnd a (l-ru,tn3 ntc acld convcrged at approxrmately
0.li rnd 0.J5 nm. respeL.lr\ct) fhese \al;;\ rcurdrneJ
consrant throughout the MD simulatiolr, iI]dicating a
hrBhi) slabl.( and robun brnding o,'lhe lig.rnos qn qfiq

(t ent lvalninal Ch.nih.,2024. yol. )!. \:o, J6 s911

On thc orhcr land. lhc RMSD ,trdph tor hum.,rr
CD22 I I rE. 6B) rndicalcJ thar rosmaflnjc :.crd rnrua t\
cxhrbil(J r SraJu,r. r.c rn RMSD up ro 20 n,. ari.:r
wh'ch rr rcd(h(d con\crEcn(.r I rro-. d l,.u nrn Ihr\
devra on ud. srtsnrficflnl. lrtcl) du( lo rhr rncr(ir(J
confonnatiunal (pJcc of(cnirin irncar ponions or lhr lr-
Bxnds. ir.ch i. lhc 4-\in1lb..n,,cnc-t.i drol Nc!cnh(-
lcs...thc lrEanu rcdu lln.rntl) rcrni, rcd srIIn r.rr. lru-lrrn brndrnB (c\ rty. sLdgc.ljn! I stJblc tntclllclion. I hc
rosnrarinic acid in the complcx wilh Ccrcbl( dcnrons-
traled better slabiliry than rosrnarinic acrd-human
CD22 dockcd cornplcxcs.

A

!o

*

tt
i".

_'1{*qLj6'0Dd,11P|tsehe

C

r(hon,(ur)D rr.'tsMn.la r

;q.
1-

i;
E;

E

t,:l

Fig-(6r. (Ar RMSD plur tor l-[(phenylsul,oryl)merhyllpipendine-2,6-dionc and rosmarinic acid rn comptcx with ccrcblon.{B)RMsDpror r; arnhd :-o narr r ra(roi. an,i ,,,,,, i"i'.. i.ia i" .""a[., ; ;, ;.;;;? rii). ;i, B M sr nror ior r t(phcn]|sullbnvl)methvllpiperidrne'2.6-dione and rosmarnrc arid tn comprex w.h .ereblon. (D) RMsF pror lbr arpha 2-6 siaryr rac-tu'L dnrl n'|:m"'|inr( a,iu rn (umfr(r wrh r,umdn ( D22. (E, H-b;nd prur i;i i-ripr,""ii-,li,"yr'","rhyrrp,ne.irinr 2.6-J,u cJnd rurn'|ann,' rJ,J,n(omorcx $,thccrchr.n rF, H -bund pror ru. jlpr," r-" irili ii.,"-. ,i,i -",",,,,. *,,r i, *.p*,,
elechonic cop)'of the art-ide). rc^rn ot tqt\ ttgtrt t-\ 'x]!fubtt ]k thc

P*^firt ffi ,.oo*,nffIo$ln"-u"n
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, rlhr,,ir! 6arndinDi,qdh-:.e

lr

UsUrg a l00ns MD rrajcclor,, rhe binding tiec cner-
gics ofdockcd lrgands r('rc (alculrtcd Spc;ifically. 3-
[(phenylsulfonyl)merhyl]piperrdine-2,6-jione anrJ ros.
marinic acid exhibrled d brndtnts tiee energy oi - 140.5J
.2.1J kJ/mol rnd.87.55 - 4.0?0 U/mol, respcctitct).
towards thc inhibitory recepror site of Cercblon (Fig.
7A). On the other hand, alpha 2-6 sialyl Iactose and ros-
mariDic acid, when interacling wilh hunun CD22, de-
monslraled a binding free energy of-2 t6.24 a 4 58 kJ/-
mol and -181.06, 7.28 kJ mol. respeclivelv (Frg. ?B).
The obscr!cd Jalt suggesr t-hat both Van',jer waals
and electrostatic interactions contributed to lhe stabili-
ty of all complexcs, while Ihe polar solvatron cnergy
exhibited an inverse relationship.

3.E. ADME and Toxlcity Predictlon of Rosmarinic
Acid

SwissADME and Protox-ll web-bascd servcrs wcrc
used for lhe ADME and loxicity predictions. Table,l
shL,$caies lhc pharmacukrneri( fcalures ot' rorm:rrj rc
acid as predicled by rhe SwissADME. In lrne wilh our
findings, rosmarinic acid was predicted to be watcr sol-
uble and suitable lor making oral formulations. Fur-
lher, rosmarinic acid was predicted not to cross the
Blood-Brain Barrier (BBB). being favorable to avoid
any CNS'rclatcd adversc cvents. However. this BBI]
impcrmeability prcdiction conlradicls thc litcralurc
where rosmarinic acid has been validated for antide,
pressant ac(ivity [66]. Hitl and the team, in their re-
view arlicle. documcntcd various routcs tbr administcr
ing rosm.u'inrc acid. iniluJrng tupicil. pulmunary. in.rd-
nasally, and intravenous. with peroral as lhe main
route [67]. They have also indicared rhe mplabolism of
rosmannrc acrd b) Edr rnrcro,tura, uhictf .\ould rt.o
be corrsirlelcrl l6?_. S$is'ADME also /rglcrey' rhar
rusmarinic aciJ righl nor be an inhrbit,Jlt{fcyf tA2.

Priacl
Indr- ''-rirLrlc of Pharmacy.

BA

i;il r'h I il.- ll 
I

Fig. (7). coniriburion of indivrdrur interacrion coml,uncnrs and brnding fiec cnerSy orccrcbron and (.D22 inh;brnns. (.\) Da-
ra Rlarcd ru rnrcracr,r\. s,rh Ccrcbton: I B) Ddra rclarcd io intcrncrio;s *rl r,rii",iColi. i,ilrg hu rctuttnn,j.,taL,, wrtLtt,4 thts heht t\.t*titubh tnth.lh.tt1 r.rupr,.tth rtl^t..)

Tht rariabilrty in thc residucs. flexibiliry was as-
scssed by calculating the RMSF ofthc co-crysrallizcd
ligand and rosmarinir acld \.r hcn bound ro C,jrcblon
and human CD22. fhe RMSF vatues of3-[rphenylsul-
lonll)rncthll lpipcri,jrnc-2.6-Jronc rnd ro;mannri acjd
rn comple\ l*rth ( ereblon tFig.6Cr. as \ ell as alpha
2-o sl.rl) I laclo,e and rosmrrinrc tcrd tn complcx wrth
human CD22 (Fig. 6D). dcmonstrated relarivcly srablc
llucrudlions. Thcse flu(luarions displalerl a sirnilar par.
rern io rltar ot rh\j co-cryslrllizcd ligands

Furthcr calc ulations were conductcd to bclcr undcr-
stand the nnrurc ofH-bonds. which cxhibitcd primary
stabilizing iDteraclioDs betwcen two moleculei ar the
inhibitory site. The formation ofH-bonds wirhin a 5 A
distance was analyzed during the simulations. As a re,
suk, il was found that the complex of 3-l(phenylsul-
fbnyl)meihyllpiperidine-2,6-dione and rcsmarini; acid
wilh Ccreblon fonncd an avcragc of J.l6j and 2.9?5
H-bonds. rcspeclively (Fig. 6E). On rhe orher hand, rhe
complex ofalpha 2-6 sialyl lactosc aDd rosmariDic aoid
\rith human CD22 exhibtted an average oI3.505 and
2.5?9 H-bonds (Fig. 6F).

3.7. MM/PBSA Binding Free Energy Calculations
The MM PBSA (VolcLulsr Mcchanrcs (n(rtsics

combincd with the Poisson-Boltzmann and Sur.iacc
Area conlinuu,n solvation) based mcthod can more ac-
.urutcl) del(rIrnc ill complc),es' frce binJirrg !ner8)
[o5l lhrs binding frec cnergy accounts for various
non-bonded intcracfions bct\^ccn lhe rcccplor rnd Ii-
gand dunng rhe MD simulalion. These inleraclrun\ en.
compai\.Van dcr !\aal5 lbraes. elcctroslari( lnt,rrac-
tions, polar solvarion effects. and SASA (Solvcnl-ac-
cessible Surface Arca) energies. A lower binding frec
cnugy \ aluc tndtcarcs I rtrongcr amnity bclwccn lhc
ligand and recepror.

7,(n
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CYP2Cl9, CYP2C9, CYP2D6, and CYP3A4, suggesl-
ing lower chanc€s for the CYP-associaled drug-drug in-
leraclions. Howcver, this is contrary to thc study pub-
lished by Kim and the team, where lhcy found that ros,
marinic acid weakly inhibiled CYP2Cl9 and CYP2El.
They furthcr indicatcd mixed inhibirion in lhc casc ot
CYP2CI9 and competitive inhibition in rhc case of
CYP2EI [68]. Furlhcr, looking into this articlc, wc
could obsen,e thal rosmariric acid also had a slight in-
hibitory effect on CYPlA2. Howcver, SwissADME
prediclion in the case ofCYP3A4 seems to be accurate
and adheres lE the cxperimental results ofKim and the
team [68].

Toxicity prcdiction (Tablc 5 and Fig. 8) by Prolox
Il indicared the LD50 valu. for rosmarinic acid to be
5000m9/kg, corroborating with our previously pcr-
formcd acule toxrcity studres [26]. E\cepl for rmmuno-
Ioxic)ty, for all olhcr toxicological cndpoints, ros-
,narinic acid was predicted to be safc (Tablc 5 and Fig.
8). Our experiments also validate the immunotoxicity
as immunomodulatory aclivity has bcen obscrvcd. As
per the ProTox Il prediction, rosmarinic acid was not
found to bc hepatotoxic, which agrces with rhc previ-
ous sludics [59-62]. T]e rcsulrs of lhe studies by Yao
and the tcam [69], Yu and the tearn [70]. Jafaripour
and the team [71]. aod Elufioye and the team proved th-
ese predictioDs 10 bc accurate [72], as thesc studics vali-
date hcpatoprotectivc effects ofrosmarinic acid. Ren-
zulli and the team indicated the protective effect ofros-
marinic acid againsi aflatoxin B(1)-induccd carcino-
genichy in a human hepatoma cell line (Hep C2) [73],
which provcd fic prcdiction of Protox-ll for ros-
marinic acid to be non-carcinogenic ss accurate. Furta-
do and the tean indicatcd antimutagenicity of ros-

T$bl€ 5. Toxicity predicti0n ofrosmarioic acid.

Curent Mallatn.l Chenist.r,2024, yol 11, No. t6 5979

marinic acid in Swiss mice [74]. Han and thc tcam,
through thcir cxperiments, proved that rosnurinic acid
activated PPAR-gamma [75], again proving the rcliabil-
ily ofthc prcdiction ofProtox-ll thal rosmarinic acid is
not a PPAR-gamma inhibitor. Along with many other
predictions, ProTox-ll also suggcstcd rosDtarinic acid
to not be an inhibitor of Nuclear faclor (ery-
throid-derived 2)-likc 2/Antioxidant Responsivc Ele-
menl (Nrf2,/ARE). Experiments by Chen and thc team
and Fctoni and the team validale il as rosmarinic acid
has been reported lo activale or upregulate the Keapl-
Nrf2-ARE antioxidanr sysrem [76. 77].

Toble 4. Predictioo of phrrmrcoklnetlcs rn.l drug-like-
n€ss of rosInr.inlc acid.
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the F4 fraction may be att.ibuted to the presence of
flavonoids and phenolics. as idenlified through phylo_
chcmical sirerning. Ihc.e phyroconsrrrucnrs hare
been preriously reponed for rheir anlr-anhrilrc aclll ily
afld may be responsible for the obseryed effect of p
srunatun L. [31. J4-]0. 02. 781. Our srudy provrdes
evrdence lor the lmmunomodulatory polential of ros-
marinic aaid and highlrghts rhe impunance of narural
producrs in drug discovery. The F4 froction ofp grzr-
I,rr&,1 L- may scrvc as a polential natural source oian_
ti-arthritic oompounds with negljgible side effects.
However, the ex?eriments conducted in this direction
are very preliminary and more exhaustive studies
should bc conducted to validate our hypothesis. Fuc
lher research is warrantcd to clucidate the mechanism
of actioD and polenlial clinical applications of lhe F4
lmclion.

Using a preparative thin-layer chromatography ap-
proach, wc collected rwo samplcs (F4A and FiB, a;d
evaluatcd their i, ,r,'o acule antlinflammatorv activi-
t). Our rcsult5 showcJ ftaclton F4B to be mu;c effcc-
tive than F4A. Thus, we selected F4B for firther char-
acterizarion using spectral analysis lo identify the ac-
Ir\c compound. Baseil on lhe jpeclral comparson and
drs[nctron liurn lhe currenl biomarler. wc succesjfull]
identified the isolated compound as rosmarinic acid.

Rosmrflnic acid and tts related compounds ire com-
monly called -Labialentserbsroff'. Ir wis inrtially rden-
tified i\ Rotnorinus olliclral,.r L. (rosemary) and is a
natural phenolic compound found in various species of
Borugtnd,eae and othcr planls [?9]. Orher blosusrurn-
able sources for rosmarinic acid include Thunbergia
lturitotu Lindl 180i. t4enrhu dno* llt). Mcntho
pqoitd [8t). t4, tisso olti..indtis L l8)j. Bt.,hn,m
lr.rrilip,?.c [8J1. Rthdu:ia ,erya {MAXiM.) HARA
1841. C,'leu.r hlunt Benrh l{Sl. Suliae nitnurhi:ut
1861. P,,nllo //r/sr.(rr Bfllron \ar. a,ura I vutlt.r
[87l.and Salvia linbtto C.A. Mcycr 188l. Rosnraflnic
acid ha: !llrrous pharmacolotical dcltvitrc). lncludlng
anlioxrdanl and anli-infldmma(ory efleclj [?4, 8g] Coj:
ld xnd lhe ream hale sho\an lhe immunomodularory
and antiallcrgic potenlial ofrosmarinic acid. mc<liatcd
by a decrcasc ln lolal ln0ummatory cells. cosinophlls.
and IL-4 levels [q0. ql]. Zhao and rhe leam have
proren the anri-inflammalory porential ot' rosmarjnrc
acid by e\alualints rhe DD-rndUced colitis model. Ac-
cording lo their studies, possible mechanisms shown
by the ro'rrrannrc acid *ere mediated by the downretsu-
larron of COX-2, iNOS. \F-KBf65. 

"na 
pStet:, u,

well a( by Ihe upregulation of IL- t0. IL-6, and lL-22

Cttunt Mc.lidnat Ch.n,tt),, 2021, yol. Jt. No. J6 SsBt

[9],92]. do Nirscimenro and thc rcam havc indicarcd
lhar ro:rnrrinr. Jcid co..ld nrcrc r Aa:rflc (-n(-.r,/./
m0l iplc p,rrhs.'ys. rn.luJ.n5 s..ll}yLtrl t gruLp. r.. r-
tdrcemenl, oxidative stress-mcdialed and innnunonro.l-
ularor) cffccli rreduclion uf nro-rnl]cmmalory c]-
Iokrncs T\F-o d d lL l0lc\clr) lhll Shdt c ind lh(
team evalualed the immunomodulalorv and anli-inUam_
matory effccts of rosnarinic acid i; asthnratic rals.
They obscrved dccreascd IL-4. lgE. pLA2, IFN-y, and
TP Icvcls in rosmarinic acid-trcalcd aslhmxri; rats
t93t.

Exploring PubMcd (ditcd 09.08.2021) for rhc ani,
cles wilh ros:narinic acid in rheir lirle rcsullcd in 881
articlcs. Thcse includcd l0 trials,9 randonizcd trials,
and 29 rcvicw articles. Horrever. rherr wc explorcd
PubMcd (datcd 09.08.20:l) tbr rhc articlcs ha\r0r! ros,
rraflnrL Jcru irr lhcir l.tl( xnd '.rr ,uno* n. rhc tr4csll
1cnr, il rcsultcd in 54 articles PubMcd mcladala lbr th
csc 54 aniclcs lvas thcn cxponcd to VOSvicwcr lbr iirr
ther analysis ofco-occurring McSH renns and thctr in-
tcractions.46J co,occurring McsH kcywods wcrc ob-
scrvcd in thcsc articlcs and 147 had becn rcpeated in ar
Icast t!ro publicarions. Thesc McSH,rciarcd rcsulrs
may somchow improve thc undcrstanding of rcadcrs
about the kinds ofsludics that havc bccD conducrcd in
a pa(icular donrain. Solnc McSH rcrms were rcmo\ed.
iDcluding 'arrimals". "humans", "micc',, .tnalc.. .iis,
ersc modclr. rnimrls . lemrli ..nlJnt L\lrr(r,".
'miLc. rnbr(rd BALIJ !". 'Tdts". ccll (ulturc' . ..h1!ll-
ing. $estcrn".'phylolhcrapy .,.imnrunohistochcrrl,
istry . rals, Wistar". "rcvcrse transcriptase poly,
mcrdsc Lhain r(.1!Uon . "\lgnJl rralsduclton. ( -
zyme-linked imnrunosorbent assay"...cell li0c, turror'..
"rabbits'. "r? rir? lcchniqucs , cc)l linc". .modcls.

chemical', 'tniddle-agcd , ..adull . ..rats, Sprague-
Dawley', 1rmc factors". cnzyme inhibitors,.. idou,
ble'blird nrclhod'. rcproducibiljly ol'resulrs., .rcal_
limc polymcmsc chain rcaction'.,.immunoblotring...
"flow cylometry", 'comct assay". and olher such ter;ts
having no or poor significancc with immuno-rclarccl rc-
sLIl) and mo\r nrobahl\ ot bcinB rn,rghltUt tor r(:.J-
ers. lrlclaction\ bclqcc,r rc t tni g M(SH tc n. dr..\ t-
sualizcd in Fig. (9). The top-most co-occurring MeSH
lcnns wjlh high'!oral link sncngths" and wirh signifi-
cant occurrences were "dcpsidcs", .cjnnamates'.. .,cy-

lokircs". "NF-Kappa B", "lymphocytc aclivation",.'jir-
terleukin 2'. chcmokrne CCLI1". tumornecrosis fac-
tocalpha", and "anli-irflammatory agents, non,steroi-
dal . All such sludies harc validlcd thc sUunr Dolcrr-
li.rl ol rosmarini( icrd, and c\tcn:jvc sruJies-A lur

arc vallsJlco Inc slronl Dolcr
li.rl ol rosmarini( icrd, and c\tcn:ivc,rrrJiesTr\ f,,,
rher rcquircd for ils rranrlalron to hcdsidc. 
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Fig. (9). Interactive mapping bet*.een co-occurring MeSH terfirs based on
search lenn as rosmarinic acid. Mcladau from pubMed has been processed
vrsion ofthis lqwe is atuilahle in the etectrokic .opt atthe a icie\.

Our prcvious study has evaluatcd thc antr-arthritic
activity of (he isolated compound F4B, identified as
ro-srnarinic acid [rom P yranorum 126]. Thc findrngs
ol our prevrou( jludy ha\e hjBhlrghted the potenlral of
rosmarinic acid ss a Dstural anti-arthritic agcnt, adding
lo lhc gro* ing body of evrdence supponing rhe phar-
macologiral acrivrtics ol this compound.

Our llDntunc i)slcmi pflmaD ind sccoDdarf dc-
fcn\e mechanisms co-c\isr to combar foreign panicles
and various antigens. The Deutrcphils arc thc ccnml
pan ollhe frimary defcnse tnechanism and. in continu-
ation, havc limitcd capacity !o dividc and inducc pro-
Icrn \)nlhrsis [26. a4-96]. tn our slud]. rosmrflnrc
acrd rl r dorc ol25-50 mg,rkg b, oral roulc pro\ olcd a
considcrdble enh3ncemenl tn lhe pcrccnlagc of nclF
lrophils. lnQrcasing the total ncutrophil count improved
the body's defcnsc against microbial infection [26].

play a rolc

sitl1rlrr.ns

phosph9ry.

lhe lirerature obldrncrl tiom PubMcd usrnts rhc
usinB VOSvicwcr t.A hishe, ru\tl n)n / Lt,L\tr

The cells ofcell-mediaied immunity activate a de-
[ense rnechrnism against vrrruus tnfectruus organrsms.
foreign parlicles, transplanted organs, and differenl
types oI hypersensitivity reaclions [26]. Therefore, in
our srudy, delayed-(ype hypersensitivity reaction has
been found to be dependent on T cells. Rosmarinic
acid has been found to have a stimulatory effect on an

and lhe creation ofB-lymphocltes and plasma cells. lD
human{. lhe chrel itnmunDtslobulins arc Ig(, and lg\4
The chrel'rolc of immLnoglobulins has been tonsid-
ered in activating (he complement system and Deulraliz-
ing various endogenous alld exogenous toxins [26]. In
our study, the increase in the antibody titer was signifi-
cantly enianced by rosnrarinic acid. The proposed
mechdnism may be the incrcased T and B lymphoc) rc
responsiveness lhal may be Concemcd w(h the r)nrlrc-
sisoIanxbodies. bur rt needs to be expenme rall] !rI-
dared [26].

antigen being T cell-depeDdent
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Phagocytes are lhc defcnsc cclls of our body lhal
,ncdiatc lhc phagocyiosis proccss. Through this pro,
Lc5r. (rlls phaSocylcs Jigcst vrriou: mirruorganrsms.
.arrcrur. ccll.. inllJmrnalor) cclls, and ccnain rnor-
ganic paricles 1261. ln our study, rosmarinic acid in-
creased phagocylic aclivily by enlarginS thc cells of
the rcticulc cndolh€lial system.

CONCLUSION

ln this rcsearch, wc have successfully isolatcd. char-
acleriTed. and e\i[rarJd rlrc irnm-IumudulJrory xclr\.-
ty ofrosnariirc acid, isolatcd from thc butanolic frac,
lion ofthc methanolic cxtracl obtained fron the rind ol'
P. gtdnutrm L. We havc obscrvcd rosmarinic acid to
have signillcant immunomodulatory potential. Molecu,
Iar docking and molccu lar dynamics studics havc indi-
catcd lhat inlcmcrions with Cereblon a|d human CD22
might bc somc oflhc possiblc mcchanisms behiDd thc
phagocytosis aclivity of rosmarinic acid. ADME and
lorr.olu!rcll prJJrclrur- hrvc alllnncd rorrnar.nic
acid's drug-likcness and its safety profile.

Morc cxhaustivc animal studics, along wilh ccll
linc-based sludics, are nccded and may reflcct thc limi-
lations of this work. Moreovcr. cxpcrimcntal valida-
iion ol thc bindinB affiniry ol rosmarinrc acid nith
Cereblon and human CD22 is requircd to ascertain thc
compulalional results. Morcover, cytoskclctal rear-
rangcment. crawling. lransmigration. and superoxidc
produclion may bc evaluatcd to ftlrthcr asccrtain thc
immunomodulatory activity of rosmarinic acid.
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Abstract
Nerve cell death is the central aspect of human neurodegenerative disorders, Neuronal death in results
leads to the onset of various human neurologi€al disorders such as Alzheimer's disease, Parkinson's
disease, Huntington's disease, amyotrophic lateral sclerosis, and stroke. In developing neurons, apoptosis is

assumed to provide a counterbalance to overexuberant cell replication. Numerous signals may induce
apoptosis in neurons, such as the absence ofneurotrophic factor support, increased levels ol metabolic and
oxidative stress, and overstimulation ofglutamate receptors (leading to the calcium influx). Cell death and
neurological disorders have been related to oxidative stress, which creates an imbalance between
antioxidani defenses and free radical production, ln this paper, a summary o[ the engrossment oIoxidative
stress, neuronal apoptosis, and mitochondrial dysfunction in neurodegenerative disorders has been
discussed. Antioxidant therapy's potential assistance for neurodegenerative illnesses in human beings is

still up tor dispute, despite encouraging pre-clinical research findings. One elucidation for this disparity
could be the non-existence oF an accurate way to assess oxidative stress in the brain. The explosion in
research on apoptosis in neurodegeneration has stemmed from the conception that persuading neuronal
apoptotic death may be crucialto the progression ola disease and that anti-apoptotic approaches may be

useful in the prevention of neurodegenerative processes. A deeper understanding ofthe role that apoptosis
plays in neurodegenerative processes will serlr'e as the foundation for future resear€h into the development
oI focused, effective treatment modalities.
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Introduction
Apoptosis is a phenomenon ofprogrammed cell death, in which cells die sequentially at the end The central

nervous system is at latal risk during both acute and chronic neurodegenerative disorders (NDs) [1] The

onsetandprevalenceofNDssuchasParkinson'sdisease(PDl,Alzheimer'sdiseasetAD),an'lstrokeleadto
an alarming rate of increase in th€ number of people sullering from it Thesc disorders rause the

degeneration of ncurons oxidative stress and excessive cell_mediated protcolysis l2l

Degenerating neurons exhibit oxidative stress and excessive calcium_mcdiated proteolysis at the

cellular level, which eventually results in apoptosis. ln apoptosis, the cell and nLrcleus shrink 3nd lorm

blebbing, causing chromatin lragmentation, loss of adhesion, and .apid engulfment by phagocytosis [3]

Apoptosis aiso causes several biochemical changes along with morphological alterations such as DNA

fragmentation, plasma membrane depolarization, lysosome permeability, and enhanced Iormation ol

reactive oxygen species (ROS) [4] lnductionofapoptosisisachicvedbymanvmethodsdcpendingontheir
pathways such as internal and external stimuli. Internal stimuli are triggered by activating inlrinsic

pathways such as abnormalities in the DNA and exrernal stimuli arc activated by cytokines such as extrinsic

signaling pathways [5]. The description of normal apoptotic pathways by Cuerin et al l6l is depicted in

Figure 1.

@

Fiqure 1. The descnplion oilhe gerera apoptoss pathwav ola cel
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The apoptosis pathways elaborated in Figure 1 show different phases such as shrinkinS ofthe cell,
membrane blebbing, the collapse ofthe nucleus, normal apopioiic body, and at the end leads to lysis ofthe
apoptotic body. The descriptive pathways include two different methods ofapoptosis such as intrinslc and
extrinsic pathways forcascades, as depicted in Figure 2.

active receptor and subsequentty I binds procaspase-8 and TNF R1 (receptor type 1). Pro(f\se-8 ts

,,,.ffi:,,,",".",,,,,..".,,.rm\ ,,NIr,,,

Apoptosis pathways

Figure 2.lnlins c a.d extr.sic apoploss palhways. Cyt c cylochrome c

lntrinric apoprosi\

The non-receptor-mediated intracellular signals thai are part of the intrinsic signaling pathway [or
programmed cell death include the numerous mitochondrial processes that start apoptosis [7]. The

intrinsic pathway for programmed cell d€ath can also be a.tivated by damage to cellular DNA. Pro-

apoptotic proteins set oflcaspas€s, which then regulate several cell death pathways. These proteins also

enter the cellular nucleus where they trigger apoptosis and DNA damage. The removal olgrowth lactor
supplements from culture media, exposure to ultraviolet (UVl light, or cell stressors are examples ol
situations that can start the intrinsic pathway (for instance osmotic or meiabolic). ln the end, these

circumstances result in DNA cell damage. when exposed to UV radialion, thymine base pairs adsorb UVB

photon, which then joins together to generate pyrimidine dimers. RoS production may rise in response to
growth lactor withdrawal or other stressf,ul circumstances. ROS can harm DNA through several
mechanisms, including base modi6caiion l8l.

The literature has reported that several diseases, including hypoxia, irreversible DNA damage,

oxidative stress, and viral infections are triggered by intrinsic pathways, which will cause the alteraiion in

the release ol cytochrome from mitochondria, and lorm the complexes with the apoptotic protease

activatins lactor-1 [Apal-1) and procaspase [9].

Ixtrinsic apoptosis

Transmembrane death receptors, which are the products ofthe tumor necrosis factor (TrvIJ re€eptor gene,

are a component of the extrinsic signaling cascade lhat results in apoptosis [10]. These receptors interact
with exrrinsic ligands to bind and translate intracellular signals that lead to celldeath. lt works on the

,iti:'']:'*-'7*"'.'-"([gJEffi)^19 
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activated by this multiprotein complex, which starts apoptosis, or the process olcell d€ath Several

caspases,w;ich are proteaseswith specific biologicaltargets, are involved in the signalrransduction ofthe

ext;insic pathway. The activation ofcaspases aFfecls a variety olcellular processes and plays a significant

part in the process that results in celldeath [11]

Prompts of apoptosis: oxidative stress and Ca:'

A high Iev€l of Ros such as hydrogen peroxide radicals ('H'zo'z)' hydroxvl radicals ('oH)' and superoxide

anion and an imbalance of antioxidant enzymes coniribute to oxidative stress' which is a detrimenlal factor

in memory dysfunctions [12]. Oxidative stress may be associated with cell membrane mutilation lrom lipid

peroridation, vicissitudes in protein structure and lunction, and structural damage to DNA As the brain is

one ofthe most m etabo lically active o rga ns in the body, it is particularly susceptible to oxidative stress tor

the reasons listed below: First, its high oxygen demand (20% of the body's oxygen intake) Second' the

brain is full oT redox-active metals like copper and iron, which constantly acccleratc RoS production Third'

themembranesofbraincellscontainsubstantialamountsofpolyunsaturatedlattyacids'thatactas
substrates lor lipid peroxidation. Fourth, the brain has €omparatively Iow levels ol GSll' which 

'unctions 
as

an endogenous antioxidant that helps in eliminating ROS I13l

It was evident irom a research study that showed a prompt increase in oxidative stress levels as

compared to neurologically impaired patients with aging factors From thc immunohistological

examination. it was evident the increased protein oxidation, and liprd peroxidation in brain arcas having

neuroiibrillary tangles and plaques. In AD, the cerebrospinal fluid had increased lipid peroxidation levcls

such as 4-hydroxynonenal [14]. Variations in the antioxidant enzymes catalase' CulZn_superoxide

dismutase (SOD), and Mn'SOD are caused by the incr€ased oxidative stress in AD' These enzym€s present in

the neurons in the membrane cause lipid peroxidation with an increase in the secretion of toxic aldehydes

such as 4-hydroxynonenal or malondi-aldehyde. These aldehvdes disturb cellular Ca" homeostasis bv

interfering with the activitv ol the adenosine triphosphatases (ATPascs)' glucose' and glulamate

transport;s. Oxidative stress accumulation leads to the gensration of ROS' which causes nritochondrial

dysfunctions I151.

Nitric oxide (NOl, which functions as a second messenger and can combinc with superoxide anion to

g"n".r," p"ro*ynit.i," IONOOCIl' produces an interesting concept concerning oxidative stress in nenrons'

it has been demonstrated that ONoo(-l is neurotoxic and induces apoptosis in leuk€mic cells I16l' Sevcral

substances including vitamin E, estrogens, urrc acid, and glutathione' are utilized to all€viate oxidative

stress. They have been reported to pr€vent cellular injury, and mcmbrane lipid or protein danage Through

the tumor;rotein (p53), polv(ADP'ribosel polymerase (PARP), or the 3taxia telangiectasia mutant ['4 ?'0'

Ros can cause DNA damage, which triggers lethal apoptotic signaling l17l' lt was evident that oxidative

stress in AD has scavenging lree radicals which are used as a neuroprotective therapy for the disease'

Moreover, prophylactic treatmentwittr lree radicalscavengers such as vitamin E may reduce the risk ofAD

Porturbcd Car' hom0ostasis

The alteration and dysfunction in the Ca" regularion have been reportcd in various clini'al studics on

patients with AD. The neurofibritlary changes are exhibited by calpain_lt which gets activated by (he

activation of Cazrdependent prorease [18]. The oxidative stress or greater intracellular 'alcium 
levels can

activate cysteine proteases called caspas€s, such as calpain linked to neuronalcell death' Some conditions'

such as cerebral ischemia, epilepsy, and traumatic brain iniury' affect the calcium homeostasis of neurons

and overstimulate capillaries [191.

Tomaintaincellularionhomeostasisandcellviabiljly,calpaindependsonavarietyofsubstrates.
inctuding membrane receptors, kinases, phosphatases, cytoskeletal proteins' and transporters' Increased

levels ofialpains orthe endogenous calpain inhibitor, calpastatin' have be* t:"i"-t"d i: l::::"]i* l'
several neutodeqelelative illnesses, including amyotrophic tateral sclerosis (At-S)' PD' and AD l20l Calpain
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inhibitors inhibited neuronal cell death in a variety ol experimental scenarios, supporting the idea that

calpains are crucial in the regulation of apoptosis and necrosis. The existence of higher Ca'?' binding

proteins such as calre!inin and calbindin, which ar€ resistant to neurofibrillary degeneration, has been

found to promote neurodegeneration in AD illness I211.

Ii is widely known that the cytotoxic buildup of intracellular calcium plays a crucial role in neuronal

cell death as well as other stress conditions like to)ricitv. The cvtotoxic intracellular Ca'?' is mediated via the

stimulation oiglutamate receptors. This strengthens the voltage_dependent Ca?'channcls' mctabotropic

glutamate receptors, and Ca" permeable o'amino_3_hydroxy'5'methyl-4_isoxazole propionic acid IAN4PA)

receptors [22]. The lethal accumulation ol Ca" in apoptotic cells is caused due to the overactivation of

glutamate receptors. This fatal result arises due to the cleavage of ion pumps due to variability in the

physiological environment which supports the pumping out of Ca'?' to maintain a stable state of cytosolic

calcium [23]. On exposure to apoptotic damage, th€ caspascs or calpains become acnvated and cleav'e the

ion pumps. This lets the Ca" ion pump remove huge amounts of calcium that havc accumulated in the

cytosol. Beca.use ol this, calcium homeostasis is upset, which ultimately causes apoptotic signaling to

change to necrosis.

It reveals that the signaling pathways of apoptosis are crucial for the developmcnt and control of

illness. There arc still a large number of proteins that are unknown and are involv-"d in various siCnaling

pathways. The purpose of that unidentified protein would be as a linker protein, which would be abla to

treatorstop the aberrant loss olneuralcells in neurodegcnerrtive illncsses. One olthc key goals ofcurrenl

science is to understand the mechanism ot proteins in the sign:ling pathways of apoptosis and anti'

apoptosis [241.

Pathogenesis of neurogenerative diso[ders
Proteopathies are diseases in which some proteins develop aberrant structural characteristics, which are

aggregated at various cellular levels and in tissues causing thc interruption of their activities 125l' Thc

proteopath ies co m prise several NDs inwhich peculiarlyaccumulated proteins seem to plav a vitalrole [26]'

When the misfolded or atypical proteins accumulate in thc nuclear, cytoplasmic, and extracellular

enclosures, it leads to disruption of organelle and synaptic dysiunction in the nervous system Neuronal

apoptosis in neurodegeneratjve illnesses can be induced via oxidative stress, disruption of calcium

homeostasis, and metabolic impairment, at the cellular 1evel. The anti_apoptotic or neuroprotective

signaling pathways comprjsing neurotrophic factors, cytokines, and condiiioning rcsponses may olfset the

agingeafectsand heredtary predispos itio n in the experimentalmodcls ofNDs [27].

Free radical production, activation of the palhway lor NO synthesis, disruption of 'ellular 
calcium

homeostasis, and programmed cell death are all lactors that contribute to the progression of

n€urodegenerative illnesses associated wjth glutamatergic dysfunction [28, 291. These methods mav induce

mutilation oi proteins, nucleic acids, and lipids, as well as open the pores ol mitochondrial permeability

transition, which may increase the ROS Seneration, energy failure degeneration, and proclan)ation of

proa po ptotic s ubsta n ces like Cyt c in the cytoplasm [30l The ovcrproduction otROSand downregulation of

antioxidant delense cause the death of NDs' neuronal cells [31]. A variery ol neurodegenerative illnesses are

linked to inappropriate regulation ofWnt/E'catenin (WpC) signaling [32l Degenerative nerve diseases are

thought to conlribute to the deterioration ofvarious vital bodily iunctions, including nremory, breathing,

balance, speech. movement, and heartbeat [29]. The tactors for the pathogenesis ol neurogenerative

disorders by Mehta et al. [33] are illustrated in Figure 3

Apoptosis involvement in NDs

Apoptosis is a fundamental physiologic process that contributes to cellular homeostasis Apoptosis

(progremmed cell death) is a type ol pbysiological cellular suicide that occurs in several biological

processes, including immune response, synaptogenesis, embryogenesis, and normal tissue and organ

involveme.D!-[Lormal brarn development depends on programmed cell death lt alfccts the F\antity and

,.ffi",-.r..,r*ffi., ,'.M,--
tr/ \'3l$!YJ rndore,nJ"u;;rPharmacv'

GI
244



,--.--\ -/--'\^,(-,o / L ",-\l-l-_l-1 \--^-J-
I

Figore 3. Palhogoness ol NDs, HDrHlnlinglon',s dsease

typeofceUsinthegrowingbrainandspinalcordandisessentialiorthedevelopmentolalunctionalneural
network. ln pathological circumstances, it is also partly accountable for phvsiological aging and the death oi

neurons linked to Nos [27]. Apoptotic cell death is well characterized via a sequence ol morphological

variationstharcompriseartenuationolnuclearandcytoplasmiccompartments,condensationofchromatin,
DNAdegradationintotragmentsofoligonucleosomes,andanassortmentolnuclearmaterialintothe
vesr.ular dpoptolrc bodies I3 41.

N€urodegenerativedisorderscauseneuronaldeathatthecellularlevelasaresultofoxidativestress,
DNA damage as a result of endoplasmic reticulLlm IER) stress, and disruption of cell!lar calcium

homeostasis. The apparent upsurge in the lifespan of individuals and the nornral age of the population is

tactlessly allied to a liberal intensilication in the vast number of persons having NDs [35]' Apoptosis

induction via pathogeni€ proteins of NDs by Yang et al. 136l is described in Figure 4

Mitorhon.lrial apoptotic signaling

Mitochondrial dysfunction plays a crucial role in the etiology of NDs Numerous fragments ofdata suggest

that NDs have profoundly impaired mitochondrial activity The mitochondria are highly vulnerable to

oxidativestlessasithastheprimaryorganelleslortheproductionoi^TPandarethcmainsoUrceofRos
generation [37]. The release ot Cyl c, which occupies center stage as the starting point and mediator ol thc

apoptosis cascade, is the maior paradigm in mitochondria_mediated apoptotic signaling Cyt c acts as a

molecular adaptor that couples the procaspase'g and Apal_1 to produce the apoptosonre complex during

theactivationofthedeathproteas€,caspase'3.Cytcisreleascdfromthemitochondriaintothecytosol
either by non_specifically expanding and rupturing the mitochondria or by opening a parlicular channel or

permeability transjtion pore in the mitochondrial membrane. Members of the pro'and anti_apoptotic

subfamiliesofB-celllymphoma2(Bcl.2)aretheguardiansofchannel.mediatedCyt.releasewithin
mitochondria.ThisROsmechanismofapoptosissignalingisprobablygoingtobecrLlcialinreperlusion_
induced neuronal cell death since post-ischemic mitochond'ia can produce more ROS i3al This

l

to.hon(lrlalprth!!iy olcellular apoptosis is illu re 5.
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Acetylcholine (Ach) is a parasympathetic neurotransmitter that also enhances synaptogenesis in living

cells to influence memory and learning in people. With three approved medications (donepczil,

galantamine, and rivastigminel, acetylcholinesterase inhibitors (AChEls) are thc most well_researched

medications and the lirst'choice treatment for NDs globally. Nevertheless, the AChEls are less valuable in

theadvanced stages as they necessitatea higherdose which also upsurges the risko[adverse effects.over

the years, many potential candidates like metrifonate and tesofensine came under clinical trial as AChEIS

but failed at certain stages mainly due to their safety profile. Altogether, this evidence indicates an awful

and unmei necess,ty ior the development olnovelAChEIs [a0]

some potent apoptotic medications used for the treatment ol NDs are described in Table 1.

Table l. Some potenl apoptotic medications used for lhe lreatmenl of NOs

sr. Drugs

1 M.ocycline. lnhibilion ollhsgoneralion ol free radicals and the neurotoxcty caused Cullred ral CGN
by 6-OHOA in rai CGN.

141.42],

This caus€s MAo.B inhibilion, which maydecr6ase oxidation and lhe
buildup of iree radicsls while simullaneously increas ng the amounl ol
monoamines n ih€ brain thbuqh thesuprr€ssion ottheir calabolism.

Presenl n redwine, grapes and olher i.uns |hai inhibit oxidalive srress
vs ailsnuation ol 6-OHoA-induc6d oxidalivo damageand dopamine

By reducing oxidative strsss a n d . ctivating ih€ P13K palhway, amvloid
bera-indued heuronal cell doah can be olevsnt€d

By loworinq the transcription ol Nrf2 and ne u rotroph ic laclors, th€ brain
is prolectod againsl noorodegenoration withoul sufle,ng cognilive

10

Mucuna ltskeaimenl signilicanlly .6ducsd nilrito levels,lipid poroxidalion, and PQ-induc6d PD
prutiens NOS exprcssion, indicating lhal il lowors NO in PD. mouse modol

lJrsolic acid Reduction ot oxidative slress in nigrost .taltissuo and €nhancemenlot MPTP_nduced

ieurcbehav oralrunctioning in PD palienls. Pa.kinsonian moose
mod€l

S. ItI":,i"I 
"r.b-, 

6-OHOA, 6+ydrorydopam n6: CGN ce.6be lar gra.o 6 neu.o.s i MAO_B: monoam nd oxidas6 Bi P 1 3K

phosphoinostde3-kinasetC5TBI/6J:pareniralslbsrainolmrcoiNrt2 nuclear laclor erylhroid 2-relaled lactor 2i PQ: paraqual

iNOS:indlcible NO synlhaser l\,iPTP: 1_methyl_4-pheny _ 1 2 3,6-lstahydropy.idrne

Discussion
when subjected to excessive oxidative stress, neurons may respond adaptively to overcome the stress, or

they may activate a programmed cell death pathway called apoptosis. Alterations in the LIR and

mitochondria, as well as the activation olcysteine proteases known as caspases, are ths charactcristics ol

apoptosis.ThereismountingevidenceihatneurodegenerativediseasescaLrsemallunctionandneUronal
deathduetoapoptoticbiochemicalpathways.lndeed,thenotionthatneuronalapoptoticdeathinduction
plays a crucialrole in the progression ofthe disease, the recent advances in basicapoptosis research and

the recognition that apoptosis has a broad range of clinical applications, havc prompted much ol the

research into investigations ofinrervention ractics directed attheapoptosis controlor apoptosis induction

in the neuronal apoptotic death program Potential r€medies can be inferred lrom the hypothesis that

oxidative stress is shared by mLrltiple illnesses involving increasing cell death. Among these, using

neurotrophic growth factors and antioxidant molecules could be a common strategy to shield neDrons from

oxidative damage.

Conclusions
Thefierdolapoptosisresearchhasrecentlygainedexcitingadditionalinsightsintotheme.hanicsofcell
deathprogramsthatmayperhapscontributetothedegenerationanddeathoIneuronsalteracutebrain
trauma and the evolution oI neurodegenerativ€ diseases. The locus of this review paper wiKbe on

Aged mae C57B|/6J [43,441

6-OHDA-induced PO 145 461

Amylod beta?lr 14 t)

Aged mare o57BU6J l48l

l49l

d the evolution o[ neurodegenerativ€ diseases. The locus o[ this rev'ew paper wiK e on
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contemporary ideasthatare importantforcomprehendingtheapoptotic death program, the mediators and
regulators of cellular apoptosis, and the connection between aberrant apoptosis and the emergence ol
neurodegenerative illnesses. A deeper comprehension of the mechanisms underlying apoptosis may open
the door to more advanced therapeutic approaches and treatment modalitjes rhat aim to regulate the
neuronal apoptotic death pathway. To date, caspases and the Bcl-2 protein family are two members of the
apoptotic machinery that have been the subject of much investigation. Future trearment modalities that
emerge from research to more precisely identity rhe redox-sensirive molecular components ol rhe neuronal
apoptotic death macbinery and their regulat,on in the various acure and chronic neurodegenerat,ve
pathologies should be challenged by the successes otthese current approaches. N,lore apoptotic inhibitors
will probably be added to physicians'daily roolkils in the coming years tor rrcaring neurotogic conditions
involving caspase-mediated cell maltunction and ceI death.
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Abstract

Diabetes has been a significant healthcare problem worldwide for a considerallle period.
The primary objective of diabetic treatment plans is to control the symptoms associated
with the pathology. To effectively combat diabetes, it is crucial to comprehend the
disease's etiology, essential factors, and the relevant processes involving p-cells. The
development ofthe pancreas, maturation, and maintenance of0-cells, and their role in
regular insulin function are all regulated by PDX1. Therefore, understanding the
regulation of PDNL and its interactions with ggnaling pattMqvs involved in p-cell

diflerentiation and proliferation are crucial elements ofalternative diabetes treatment
strategies. The present review aims to explore the protective role of pDXl in B-cell
proliferation through signaling DaIhways. The main keywords chosen for this review
include."PDX'l for p-cell mass," "p-cell proliferation," "o-cell restoration via pDx1," and
"mechanism ofPDXl in p-celis." A comprehensive literature search was conf!cted using"mechanism ofPDXl in p-celis." A comprehensive literature search was conf!cted usin
various internet search engines, such as PubMed, Science Direct, and other NbliCadon
dat*ff#Rummarize several appz@enerating p-cells from aftffi1ye cett
so;(qSir"niilpying fDX l ugder variffig6(!ffi\rowth crindiiions$hrlMi?fu rent
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lntroduction

The endocrine pancreas has foul types ofcells: PP-cells, which create pancreatic

polypeptide; 6-cells make somatostatin; o-cells make glucagon; and B-cells, which restrlt

in insulin. Islet pancreatic P cells have formed the transcription, production, and

stimulation oF insulin according to the disposition of blood sugar levels. While p-cells

make between 70 to 80% of the bulk of an islet, the islet itself only makes up around 1%

ofthe overall mass ofthe pancreas [1]. p-cell malfunction and its reductions cause the

onset of diabet€s I2l. Thus, it is essential for our comprehension of the etiology of
diabetes to q.larify the molecular processes governing the death of p-cells.

A p-cell function is commonly regulated by PDXl, known as pancreatic duodenal

homeobox l. Pdxl plays an essential role as the insulin gene in the pancreas, where it
also controls the development and differentiation of pancreatic growth factors in the gut

[1], [3]. On mouse chromosome 5, the Pdxl gene is a part of the mammalian Parahox

gene cluster Its name refers to a group ofessential genes for early embryogenesis that is

not a part of the conventional Hox (homeobox) gene cluster [4]. Cenes involved, Gshl,

Pdxl, and Cdx2/3, which are all outlined in a certain kind of pancreatic cell, make up the

Parahox cluster [3 ], [4], [5]. The dominant human mutation ortholog of the Pdx.l gene

similarly causes the same severe phenotype in humans [6], highlighting the importance

of Pdx.l seems to be essential for the developed p-cell's functionality. Heterozygor.rs

missense and franeshift mutation ofthe PDXI gene cause impaired insulin production

and the onset of one variant of maturity-onset diabetic of the young 4 (MoDY ) [7], [8],

Ie], [10].

Similarly, the etiology ofrype 2 diabetes (T2D)in animal studies illustrated that 0-cell
failure might be connected to the downregulation of Pdxl transcription in the p-cell {.11 l.
As a result, Pdxl contributes to pancreatic islet development and o-cell survival in

animals. Although Pdxl has a well-defined involvement in creating specific types in the

developing pancreatic islets, it is less known how Pdxl controls p-cell viability and

functioning in adult pancreatic islets. This review describes regulating Pdxl synthesis

and signaling pathways to maintain the pancreatic 0 cell mass via PDXl.
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Section snippets

Physiological characteristics of PDXl

PDXI is synonymous with insulin promoter factor '1, a transc ptional factor at the

ParaHox gene cluster PDX1 activity may be observed in mice at the 5-6 somite stage as

early as embryonic stage 8.5 (E8.5). However, humans do not see it untilthe fourth week

after pregnancy. According to the case report, a 5-year-old white girl has a deletion ofa
single homozygous nucleotide in the PDXl gene, which causes pancreatic agenesis [12].
This suggests that PDX1 is necessary for the early stages oF...

Regulation of PDX1 gene

PDXI gene expression is controlled from transcription up to 6kb (Fig, 1). The ubiquitous

bHLH protein USF-1 is bound by a downstream E box at around -104 [16], [17]. HNF3, a

transcription factor with forkhead wings, may also bind to other sites [18 ], [16], I171, Il9l.
This family of organisms can reach regulatory sequences by opening up chromatin.

Hence, HNF30 could set the stage for other transcription factors to express the PDXI

gene. One of the HNF3 B locations where PDX-1 binds has a TAAT ...

Regulation ofexpression ofPDXl in p-cell

The nuclear mesoderm protein PDX.I was initially identified as being made by the

pancreatic islets and duodenal epithelium [22]. Later, it was discovered that PDX.I was

responsible for binding and activating promoters for insulin gene expression [23 ]. Some

pancreas-related genes are activated by PDXl, such as glucose kinase (CCK), HNFl B

(HNFl homeobox B), somatostatin (SST), islet amyloid polypeptide (IAPP), regulatory

factor X6 (RFXO).[24].

Unlike other species, the human PDXl gene is relatively...

PDXl stimulates pancreatic development and islet p cell proliferation

Every endocrine

(Ngn3)-, which is

cell develops from endocrine progenitors that express Neurogenin 3

critical for triggering the differentiation of endocrine islet cells from
embryonic pan iaprogenitors [52]. Ngn 3 expressions are directly regulated by PDX-

1 [53 ]. One ticial transcripti fdr- oancreatic maturationf\nd' t t\
directed .pfimary expansion of thg pa

and beta cel
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Conclusion

Diabetes management is a systematic and intricate procedure. Conventional medicine

can only slow the spread of a disease; it cannot cure it. The primary transcription factor

controlling islet cells is PDX-1, and cell division, growth, and differentiation are necessary

for the synthesis of insulin, transcription of the insulin gene, and other purposes. As a

result, PDX-.1-targeted nredication, depending on the pertinent PDX-1 mechanism, offers

a path to treating diabetes. Yet, after the ...
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'ro,,r!). iil.:r: trurl:-r rtp:Illrrn.:: ::,.r,':tr.,:la :,

Abstract
,trlu".llllnlrs is a ndtr\P l)laol n' h(ll': lrol)! alnnrl{l)lIopnal rqnnrs rnd hts lP'rr

' 8ed as a traditional hedi{inAl 'llp rrrr oi st!d\ $os lo rlctrtifi an'l rqlndi! rh'

anliDi.robi^l.nd a.ti anbrins n.tilit,e: o,hrdrnetharroii. e\lr^.t oia 'l/ir'inrr f i{"
{HItLKD) fie leat?s s?re.ollNted lrcnr lhe Nr*atr(la vrllel. l in and \erc sh'd'
dri.d nhd lin.lv 3mund n) Drniltr.. th. po\i.r Tto h\dtu'lIanoli' 

'\tn'1 
$a\ rli:rr' l

n,r Pl\lochemi.al andl\sii lo detennn' rhP .\iirQtr" ol crrrth\n'^rc ll'trol''
tcrpeDoid. ualonaid. s.Fr,n glv.osnt.. taroln. p.or.rn .Dd dktrlold 1lre tlF'ERtl \'i!
fLtther and\zed br Aai .hrrnatr,imllrt Das( sF.t.o Pin lC(' llsl l' llt'
.hnrrctqlal,on otthe pll\16u!stllrrents

rJ.ir?rrh( ('l,..tl,t/yi.rt
anhnnr a.li\itips dilrercnl ilosP' ol l{fl
adnnr!r (cFA) indu.Pd albino \'lsrar rir! i'l h'.rrl\
lr\dritlHnrL( e\trJcl' frsDr ip.'\".

datl d.m.nltr.ied th. Dol.nli.l .l ,{ r/lj)ri.rs li, rh,

dtl trri.rdi)ir I . n.l x lli rrth lrL ]fl|. n'

l'ire nrtntri(Nln l r.lrll\ $?s ttst\l asirrt.r
tr.li is .Lv|,9i1/,,. r,rrl t r.n':r ,l: r1.

:Rl \ep gn'pn ..nlh h r.nttrl.r. ]ituf't.
,\..lrrr TIe c( jls anrlt'.:s
.l.rliiir.l lhP fren{(P,n

ph\t*h.mn .l .otttDtrnds llliliRl: iltrr..,i s,i ili.dt Iil..rs r,ssin.rt h .dlt S drn'rI'

and,l.nig./stmrnsnt60.]fftr(xrdara,dratedrllaril!:F:RI]roonrFkl\attr!{"
eaietNe tl)dD io nr:a tg as ,n1, r hi!ri l'r\ r,,lrr!*'. rnLll' r"irrr lli.nn'ld 

'h' 
nu'rl'rr

l.u(x11r. an,i .ntltrd\ri'i(,linFrintu. hlL 1llsRl \rn ilr 'r:nr,(r'rlk r\|xc1l rr'

.\perir!tsnrxl rnts trx.ur.d or., \'h.n eonlPar?d b F'I){ rn. lllndanl dr ss rhc '!dr
\voi€ln,.nlhro.lle. hcnroslobitr, .Dd sr&btun hea[ns c!rc( Iaro aU itrrPDred rh's'

Introdrction
llLil" che,icrl-l*re,l $ ,,,llpt i( ,xp

halos 
^re saffi uI))entnlh'for l)e )g naturilh

. CP\pre ihe idliDl.rtei i\(

lndor.lrnsliN"s oi l'harmacy'

)r" ir!,it,t,r,n.hprl .i,rli(n)sl\
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r.rtrr,.r. \r, r: ) r I I ,;r i,r I J,t rr !,;.rr):r'r r'L\rLr i'

of moaerr s\rtltetic medi.atious. People urcrensuglr opt lo, phnt'brsed helbal reruedres lrl
lledrcirril })liDts. su.I.s trrditionrl helbs, onlirrt n LrSh .onceDtntior) .fhio.ctn e corrrl!nnr.ls

\lhirh In\? Leen Lnked to sc'erxl thenpeutrc Pot.rthrls su.h ri arrnn]l,roLirl. nntlD\rd.nt ttrrri-

lllilltnunllio11. .lnd itrti.:n.erploperties [2-6].
The ir:creaslng util iztrtiol r ol bionctil e dei!rr i!es I or Ir anagnrg ra uous d nea ses rreces!itates

i culical .\anu)trhon of ther| pospectrte )le, 'iral plnrrts .r. . cotrrplcr blerrd ol 'au':rs
ph\lo.henrir.tls rlial nre tlpicnllr ded\"d frorrt crrxle plint e\tr^cts [-l ]I^rt\ sPecre: oi plnr:r!

contnrlr a lalte nuNber ofbiondile conrpouuds. ho'.e.er' ouh a snrall tnctior c'lther:r h[ e been

stlldied ar)d |ro\en to stgDrfi(.rnlh corrll.lttrte lo L1ni.tlle l edrak'r! Tlie nsage of tIP
LrppLopl1are metl)odologr c,i scleerng ,s crvral r[ rhe d,scolPl1 oi norel co[rpounr]s l'!l
E(m.rron a Dd .hrla.re z.r I ion oinllnrer.ur b r.t 1\ e .orlpou rrds lionr !xIors rtrerlortMl ph Dt'

hale led to the de\eloprent oi strblp nredicnrl ngents \flth higlrer ilrerrl,erLtr. Prctiles I()l (,.r.

rt]lo::ratoglaplrr-l1rass spechot)reln (GC-llS) techrrques h.rte been etrploved tD tLe irl,tul
screennrg o. be$al phr)ts. .bsistrrtg rll llte iderrtrti.iltroD of bioi.t!\'e lolnpourrds iorrud ilr tIe
plant" Ito,rt].

The Rosrceae ixnnh r.Dt.irs:lronnd -lo sPe.ies.ind has Pun.dh heen entploled a'
tlidiiionrl nredicllti]. rrrd o|nanrental plauts r1l rarrc,us .\hrr rcsrolrs 8il)ris c?lfll'rIs 1R

.llPrrcrrs). LeloDprg to th!'Ros.c... beu\ trl'rn iiDnh s 'r 1'hnr spcL.s Lriti\u lo Iud''L'
trcpical and subtroprcnl regions. e\hrbiting potel)ti l .Diirnrcrcbul and arltF thntrt PropeNie'

Irr.r:,rll.'Ilre aull oithrs sluil\ l'as to iderrol\ nnd el'rluile the intlrnx robrrl ud ttnlr-arrhrttb

f ctiuties of the hrdroethanoli. erinN of R ./l]).x'rh- l les (HELRI-l

Methods

Plnnt nr trritl
R .llpticus leales \(ere .ollecled ir] tlte )ia[k.t{tl ldle! l!dr.t. rD Auguit 2o:o and nere

rtlentihed Lrr tlre Hrrarlr,rl P].de.I Slrle Bro(lnetsrti Boa[d. SlrrnL]r. Irr!:r' irrrler tLe.pe.tttIrr
rumber HPSBB'3o;5, rnd the sPe,:r en \Lls h)alh r.quresced.rl tlie Biodrlersrt! Board rr
Herba|iltnr Depa(nrent. SIrintla. Indin.

l':\rrr.liUrr.,f R. (lli,,rirrrs Ierrcr
R r'llprr.xs lealos \!ere slrade-dried rrIld frllch groultd to prodLrce .r pcNdcr of 8oo Srar])s L!
utilui;s Il dloethnnolic (16) \rI1 r So\l)let €\t m.tor for trroLr r)d -: houri li)ll \1r18il)e\tudxr(l
proto.ol []51. .l,ttenll1rd. lhe extmct \!is (on.eDt|ited sith a rol.11 eltlporitor nr:rll8 Rot'tllp'r
itst'CHl.l-hNrl. Ssitze rnd).rudketnrrrIgliss\iil.erlPd'nrl).Tetl,'rr-.".1cd'irPtrt I ( n1rhc

reirlgerator for aurtler iuleshgntion

Plrol(,(.hcrrictrl annl] sis
The pl)\to.lrer.(tl irral\srs ol HEr.RE $i. l)eriounP(l Ii)ll{rrll8 tLe rlrrxti ]rrrxe'Iires
outhred ,r preuous studies [3.1i]. The e$sten(e of cttrbolldr':rte\. Pllenoli. teryenor(l'

fli!ono,ds. .aporiu:.shtosde.. tarrrrrrrs. proter[s an,l alk*!rd. 'r'rs,L"tFrn)rled rn rhe crL"iP

(;ae d omalogr':r!h\ Dra.'s slrc.tl'ourclr'l' ((;( IlS)
The.{grieDt -89oB gij chlonn togr.1P1I . [(l .\SrleDr iq--B nr^ss detedor (.\Srlenl Te'h. (nhi;r |'i
I'S-\l $erc eDrplo\ed l,)r rlrt tiC-llS arlrh.i: nre e.lnrprrreDl sr, crNrl'lF(l $ill) ir) xur(!trrie{ l(,I

&rd a nrsed siiica cnpnhn .olunm siDrples \erP ,rr.re.ted at i sPltt r',rt!r ol;c' r NrtI hclmn:

sennrgasthecaLLier:grsatIrtrrelrlueofInrlrt)rr)uleTherr!P.1'r5tellrpelxrLrl!lrttsh\er] r0

.18o'C The teDrpernture ot the orerr ras prrrrrnrrl! sei L1t 80'C lin'1 r):rlutt's tlcrr 
'hin3''1 

t0

2!o'CnI lo"C inrlrnne 1\1il) no hold and augnrerrted to 3roic xt:ro"( n)In held ibr ro D) nrtPJ

ind \rtl) a sol!eDt delar oIiile Inirmtes Tl)eiloNr.teoithecolurun\a!set't1nrl r|irNte Thc

.hrou iosraph! of i siugle slllrrfle iook ilo nrrlruier The l.'ll'nriDg |ir'trrrerel\ \rek ler lirf rhP

urdsssl,!(llonreterJol)er.lrtr).rt lel\rr'truu!Ptorrl)erxtrueoi.:ltl(.el!(tlrNrrPr's\(1t'\'r'

t 1,,/X i*;76fmY,ai rndorerndtuFaFP*$

lls Qrad ten)penturc ot ro"c..Dd."",;;',,*,i,,s. oi r,r z ri r""{\" ll'" '''5
uqrE"r,J",,.,,, r,,,1",,*,,,.X'i,r,." '-"" r', .. "' "'-'r " ' r'lF ")lulI r''' ''l' l' +[ -t'j:":':"' /(/// .. .r,,,V"fir*.,^.,.

q\ Er! ,,/-i

K:F</rr
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k!n'r,r.trl \.',,.'J:i):i I i ,rl ltrf iir,n,r

Alltirticl.obial acti\it!' r'1 nhxrtion
Tle Mll-dift\Nron nr.th.d \.s rN€d lo.ssess ar)t,rni(roLinl ittnrn lt6l 'tle llirlrll>ul Trpt
Cr ture Colle.tiou (IITCC) liom lhe lushtLrt. ol ]Lcrobill Tc(hnolog\ Cltrndrtrrh. Irrdrt\.

prolided nlo bactenal shairr of Esc/r.rr/r rc .o/r ilITCC.l5:).1nd SroPIy1o.o..!s nr/r.xs I llTC('
-1-1..rrl ore hrn3.l nrxrn ol .rv.r'gillt-s,rr9., (llT("(' r]l+) The'e "1r1trrF 

$erc l*'fr irr rl)'
heezel dt 4'C unhl they \\ eE rtrlzed Pohto de\lrore irgitr (PD-{) rd nuheDt i8.r (N.{)$ere

Lrsed ,r the stud\'. Tl'e hrctedal nrocLllurtt \!ar Drnde bY 8ro\nDs the neeze-drled celts rD U tor

2l lrNrs nl 3-'C. xrd llre fLuErl slmru \nrs nrrde l)\ tro$)rtg tfeeze<trled cell. ln PD.{ Ii, -:
Louls llt 3o"C The test orgarisrns \rere inocLllnled orr . solidrlie(l agar Pl.te \11ll a Dn(ol'iPe-r'
aDd died lbr aboui ro llluNles. -{ sterilized steel botPr \ns ntrlzed t(, uri]ie the rriells n) e.1clt

Petr drsh coutanDng tiSrr ItDd then 6l1td \{tll dre tt'si cDnrPouDd ^r stn[drr.] solulrctr' TL!

soh'ert used tor the s:lntple prepruatiDu 1\'i\ diDretLvl sullb\ide (DllSOl The tesl s^rt)p]e has

UepnrcdxrDIISoatln.iouscollcelllrntiolls(r|.roo.]oo rtr(l6l)':] pl)nr) (i!']rollo\i'rtr ir!1

- ifu.orlazole (bollt iiom tlle (entml Drug Houie P\1 Ltd. lDdln) \!ere rLsPd as l.osrtrle (.,r)trol!.

respe.tileh lor bnctel.li ard iiurgus TLe neg.tile control \.\ D\lsll. iud Nsltrle rPt'rernr

starrdrrds uere crprotloracm:Ircolnzole ni 1oo ]rpnr lor rll sele(Gl sllIllls. 
-For tlre Dicr;bial assar. all roLt rras dollt urt.ler.rseptrr condittolt" 't1re bact€ria plnres

urxlerlenl irmbri,or) rt 3-11'C fin :.1 holll\ rhtr,:rs thr. tiuigr] phl,:; uDder\lent rllcubdlbr) N1

3oj r"a for -! hourc The antHrlclobral potenl ni ,.,1 t he I e !t .oD)Pour ris $ni ca )ctr laled tNtng tlr e

.lera8e dianreter of tLe zone oI rr ribrnor) srirrounding the \ells !r millmeter! (n'm) Erd)

. Dtnnicrobial rctrlrt\ ('as i ellcnted tlure tr n)e i 
^n 

d tlIP st. Ddnr(l de! t.rr I o n 'f the bi'tehil i D'l

luDg^l gro\11! (outjfx,rxltD3, 1o .1 sPe(i6( s,rnrPle $rs repullerl

.'\nilral piepnration and ol.lrl acrrle bricill tcsl

.{bur., mts (\\-ist.rr stliiij.,i,Rntnrs nonl'9(l^- lioDr Loth geldex \rth N \erEht r.rrrBe 'l
ro o - rjo 8r:t ms. \ ere er rrlloled lrt th€ studl ,rs testea rrrples au.l housed r stI)dn I{ le rnPerit u re

coDdrtion; (:+-,18"C). ind i'r n relalilel! hrrrnid en\ironuerll (oo -oo,) $ldr I r! r: light rnd

ilartr crrle TLi,drurls rrer! it<l r srandarrl pe1le1 (lret rrr(l rn urrLrrrrlr(l srplrl\ r)l $ir'r Tlic

plorocol $ ,rs approved b\ the I Dstitue of -{rnl:r I Eihrcs Cortnmttee ol I I } I ( oUe8e ol Pluu lr "t
i<teeurert to lx iitilelsitr). llihillsli llarkrndesLri,tr" IDdii, lblio\Lu'g $e guidelnes of llre

CourDrittee for ihe PurpDse oIColllro] n|d Srrpcr\rsror) L,r Ej|)enmenlil flr)Dxls (CPSCFTT

The test srmples of lrnous doses (;o. roo rlld .:oo n]S'kg) ol HEERE Ncre d|srdllPd nr

o:]t; \r! c.rborN ltrethll (ellulose an(l ?"" T$eel|8lr \ltClotle\Nte 1o i rrrg kg)\(,rs,rlsi) 3r\tD
or.ll\ is i st.Ddard drrs rrr the fo \ nf I susp.nsion [tl TbF rrri $.rr dr!]'lcd rrrt'' '\ Srorrl'i
Nlh sr\ r,tls lruu elch grouP. GIouP I r)olnrrlh r4,ertried ' uo ul s,rl,le (o o''o r)ollrFl lrlnts

olalh ). GrouP IL corrDlett' Freund s idnr\irrl (CFA)o I nrl rrle'te't srrl)'xrtrlltouslt GroLrP III
CF,{ - rrelholrc\.rte lo.: n)g,'kg. orilh'), Gr!ul, I| CF.L + HEERE {io lrrt'hg hodt rteight ottLe

i dav. orally)i Group \': CF.1 - HEERE {roo ,tlB kg bottr seiSlrr. once a dr! orilhl ri GrcLrP

|l: CF.\ * HEERE (roo nrg ks bod\ lreigirt on.€ ,t dr! orxlh I Gr(^r| I r'ied is tLc nesitr\e

rolllro). \vhrle (iroLrf ll serl ed rs lLe irlhrltic r!r)lr(,1

The Orgnmzahon lbr E(ononuc CooP€rahon iud [)eleloPurent (OE( D)Euideln€ l:i18\'nt
pnrploted to test.crrle o|rl1o\i.tttrll r)re rris TlIe rirts f:rsled ior hoL] rs betore lLe ?rileu rrlen t

rrri hrd unl:mited access to lritet. Six 3tou!,r oi rils $'ere Snen the test srrnPles orilh 
^t 

dose'

olso ms/kg, s0(] u:g,'kg arrd:.c,oo DI8: \q. I esPe.tir eh' lhP rrlls \ere 
'r':lu)uoLrsh 

dh\et1ed

rar g trours io dete.'t ar)v behivior,tl (lrruses rnd Ior drrs io lool ii'r sgns ('i 
'dtic'll 

rrni:lu1-
temr to\i.olog,.nl rdi.alioDs such as corui resprnbN deplession drrlllrea sahatrott

con\Itlsroll, snd persPrratn , Irs].

-{lrli-artlritis rcli\ itl r\ trhrfltiorr
'nte (or.l(rflr ol artllihs rras rlldLLced m all g|r,rrfs ol rnis lrr mlr'rrtnneous tnie(lion oi o I rn)

(o 1qo \. r) susp€usiorl oikilled,l/. rrrl,er.rr1.,sis litr(tel'lr. ltorrtoge rzed ur the Iqrrrd p'rrriiin rtrtr I

the left lmrd Px\r (except lhe nornul .orrtrol grcrrP) lrrtliPertorrenl rrie(tron ol thtofertlon'

so,lnlnr (lo ms.'kg) t18l \!.snsed n) nrttsthetize tlre rrrs TL(,dnrgtrextnrPrrr lrqlln on the 1r'ih!
dn.t hlted nntll the ntertt!'iirst TlIe P.rrL roluDr. sru nrtlsLud Lr .r rl:5rt{l \ttlNs&rueter

lQ,r..c

(1 (;( ) BaJl.. (.;.

.1, 1l ./
. Imh.) oD the tibr. seleutl1. i.urlepDil)..1[
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K!r1,,,i11.n\J:.rl:, r r r ! ;' r,rr! .l,l.rr

.\r nuii-irilaDlrnaton' respoDse \1ls deinled as the per.eutage rrtl)ibrtron ol edenm lts thrt ol

roluril .onirol \lptLolro\Nip (o.i nls ks. on.e diih ) Irsl \!as 
']se(l 

rs . (olrrolled dnri ThP

.ukl.-jo,rrt d,ar)eter ind bod\ \re,8hi \rere nrmsured u!ul8 a vcrrrelrilpe, and I d,g,tul

iieighDt balrnce -{t'I2ro (Shrmadzn. ti\oto. .r.Pnn) on lhe tiEr, s tI. elelerrt[, si\reeutlt. .ir)d

hleDh.filst davs Ir9]
Fol ihe biochemic.l erallrRtion. the rnls tith \(rrc nnestLetrzed slih tlrioPeutore soduD:

(60 nlg./k8) 
^r)d 

srcdticed.t the end ofihe protocol The biood sanrples relt (ollected hom e..L
rxt bv reho'orbital ple\us punclure and Placed iD \ids contninrrtB ell)YleuedrnDrr)etetrancetr.

rcd (EDT,\) for biochernic.l .n.hsis sLrch rs le{t blood cPlls (RB( ). \'hrte blood.eus (\\ts( r

tremoglobur ( IIb). an.l erthrot\1e sedrnenlation r.te (ESR) (\'uDr Iro].
At'ter the sacriice. tlte mt s kneP lonrts \r€re seP.rared arrd rell-preserred rrr 1o''i i'.,rnriLD

tor'Listopatholo$ ev rinrtoD of th€ s\nouur) ). Alier th. ti\ittoD a nd d€, al.itl. iliou tL€ srr n I)1"

r\ns.ut into.l5 Dr pie.es.nd plorrded stauuug $ilh eosrD.lnd llenritox\{n tbr nu(Nj(l4)(
estnr)ntioD I3o.!rl.

statislical rlrrall'sis
Thr data \ferc nccessrbl€ as the nrern stnnd.rd de\latror) ol tl)e mern (SEll). .{\o\--\ iesl \rs
rti:ized for coDrpafisor) oI the stntistic.l siguifnrnrc ot the nlenrts. follorled bv T[k€t: ntLrkide

cor:rprds$rteslsTliep.c,oj\.ts(orbrdc.edlobtstr\lrsli(illvslBnili.xrrl Allst.lrsti..l {rrr'hsN

\qs pedbrnled on SPSS lers,or.ro (srPS.lB\l lu.. \.\ \ork l'Sl

Resutts

I'[]'tochclrricnl nrtaheis
The rlilsten.p ol llarornvls. tinrrirN. |hendl!. .,ulrol)\dratt!. snPorrnis t.rPerxnd". l,L.r!,r'
coulounds. protenN, oil..tud latj Nai obsened rrr th€ l)h'r'tochenn(xl ,truhsis oi rLe HELRI
('l nblc r ) Ph\locherl,cnls of rikaloLds arrd gh cosides rrele rrot forr nd.

lrble i Ph\to.hc,nr(al .orslrrurDts oi IIllIR[.
P IE, !
.{lJloid. D,atqldorfl', red

oil sndhc Saponil'i.^tioh r€it
Absent . slighh presen!: +-: moderatelr Preseui: '': nrteneeh Prosent

cirs chroxrlrbSraph}-nrrss s?eclr(,rrtelri (O(lNIs) nnd}sis
.{ tot^l of33 phl\lo.henli.nl constituents \erc fontrd rr IIEERE The n)ost Prcmrrlerrl .otlrPon Inl

fonnd !n ihe HEERE \ere gilli. a.rd (13 69%). I)ror,x'ite(lrni.,rod (ro 1r%). quer'etD (6 1)9'"1'

sl\1erc a.id (J ro%), Dlalrt tcri (.r xtqo). l'coutn lc llcxl (il qr%). :-lnlterlenllorc ncxl (3 sir I

.en1}[to] 
(3.8.%), galn.tnic a.id (3 i;h). rrd Pll]r:rhc acid (i] 3e'o) (T.bl. 2)

T.l)l( 2 G.s.hr,'r niogtrlrl)\.rntss sp(tlonftn lli( _lliiNrlih'6,lflll:-t"RIl

@ .uea cr) ltolecular

;.-_8

I38r I H\d.o\rbuianoic,.id

r.3

\XJ

t::.
,/.,-)

a.''.tk")

P rl(,Dal
I :<rirule ol Phamulyr

s

tiiDOI€ (M.P.)
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P*I r- R"t",rti.n tr* ConrpouDd nau,e .\rPa (s) )lolecular
(minute) \ eisht fuF)

5 6.865 Gl\lerol 12- a2

8 9.6.13

Esthnrol

Chc.rol mohostearit!

o.6'

rt8

r.t.t

r.t8

r3l

$r

38S

ti 389
11tgS
ll'.:3
rr.83.r

r6.E!?

13

r.l 169 13.1

l8r

1.3.r i_rihldro\\butvric acid o.-L ra6

21 1.r 115 .rDbirol
15 5oj Citric.cid
15.;11 Protoolechoic 

^.id

18 r.363
19 U.rBr
!o r3._3r

Lil
.l9r 16l

1.55

18 r3.or-

31 20 838

33 2rr 569 Qu.rc.tnr 6 c'9

-\ntiruicl.obitl :rcti\il)'
-{l tested n)icroorgrnrsms \el? nrltibrled btlhe I:lEERE. \1tl) tLc zorre oi rlhibitron tangttrs ht'tt:

r 9:o :r to 8.o:o.15 null lbr brclelul siralts ir)d 1..r:o.:1 io +.;:o.t nrnr ior tinrgtil strnrr)s Tlr
HEERE \!as nn)r? eife(tile aBarDts.s oxreus (8 o.o rl lurr) tlrxn L .oia (6 l:o |rrrl) rt 6(x'

ppnr couceutrnhoD \\'1rrle at tl)e snnre cou.erltrolron. x u,1\rrntrr]r zoue otir)lnbrnort I 1:o lrurn

\ras obserl ed tbr thp hursal sh.i'r (.1 nrr.r)( l al,le 3l

'lr],1,,:t.\rrrrurerollrlaL1111r!1lll.lllll:us,lir\,'ll_,irtlL].r,trrr!rl!,1

J.39 2t6
o 66 r.9o
o.l! r8o

33.'
o 5.r 35s

H' \l.an.SD rn)n

nrti-al.I hriris aclirit]'
.\.trte to$cit\' .tudies h$te deDnmstrnted thit the HEERE r(s trsl-nee The lrerre(l r'l'
appeared Dol'n'il. \flth no siSniiicrnt clurrges llt L]rhn\ror r t oL neur o]ogrcr I ttsPons's Lrp ro ! ooLr

,n! tg t,oa','",s],t ot HEERE S'ruhr)v. no th.rDge rrr bodv Iergllr. irdnPtatrr)rr' rlrortilil\' "
toiiotr le.rttiorr ".rr ob.ened rt rrr\ oi tlre Llosrs urLtrl thr.ru(i\: Lorr'lLrs!') \' a rtlult
ther'.pentrc doses ol R ./111)tr.rs ol;o roo. arrd !ix) nrs lg (er? 

'h"eu ln ilre chtorr( 
'F\mo.tel.srellrn:.ruriledrres."eleoL.enedutlrtrrrrerr'tlParrtier:lhouls [ror:r rLe "trerrI

rlelurtiltheendoirlrr:hrd!.th.Dtr'lh,nr\xtcrr,'rrl3r,rr1'1.r,1.r'l'er'i"rr'l'L\n"rr" \ll
HILRI ,los-( nr.i , ,,,, ,r',1 r',,t-r.," lr.,t- r-.,"" l.''r r' rr- !l rlrr k'-' lt'tJ"' ' 'r, ,1.,\ orrlr".r,.d\ yl.:"' y{rx,o.".,u tLsf,., p-rrcrrr,< tl'",''' ,'n-\\l) '' ''

ll ,/ , ---{i.r .r,[,4pq1..

'..' ,lV '(ti*Jer\ tnoo'"r"'r'r\I'It'h"'".o'Y'

'ti
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ar)d tvas ahrost ideDticrl to Dethotrc\aie Fronr the iilsl da! to the elld of the rcse'rh
iN?stis.tiorl, rhe CFA-irduced p ssolume gr.rduall! nr.re,rses ('lilne -r 

^nd 
lable 5)

'l,rl)1. 4. l:tle(l of Hrt:RU.,r l,r$ rh( krx'ss

.\rth iic coDtrol (CFA)

o.snrg I3l

o.o5 o.o3 o.o8 o 06-" o o5'-' o 09"

0.161 o80' 159'
.tl

Cr.{-HEERESo rrg lt o3-ti oa1: l lo:
o 5-1 o15o11

CFA-HEERE roo,nC kr 0.364 o.8r'
oo3

CFA-IIEERE loo nrt kg o.3-: o 80: : r:
n o.l o l- o 'c o :o_ o rr" o ol---

@;iouo; €d b' ruler s nn,lt,Pr"

.oripoitin t""t. elttt-t"a groups alld ihe trolmalsrouP nere.oupared $lth th' -\nhriti' corkol glouP
' Statisticallr siinincant atP.:o 05

" Statisticallr sipi{i.anl ntpio or
"" StatisticAll! sig.ifi cant dt P., o.oot

lnblc 5 Eftccr orll[:ER! or] pn\ \olu:n.

.\Ithxtn'.ontNl (CF.\)
r a1.o.os 1.-9.o 19'-'
t 9q:o .; 3:9:o 1l

: i.]:o r: :90:o3:-

L 8:::o 5:"' r rl-., -.r'''
! 16-0.S: 3 6:'(1 S9

r -n, o 1J'
o.5r!! lE
ci.r: H_EEREJo ",c 

kg r.a6roor 23.ltot3 :!1rori:: ! 16:()'39"' !o6'0 1i__

CFA-HELRI loo mt kS r 8-io lr5 2.33:(Ll5 2 r_:o 90! : rl:o'8or:r : or:o rb--
.!.\.HF.F.FF:(orjiq lR r86-0or :r'-or: r'r-. lt' ,e'-^l'l rl: o:,'__

rj 
^ 
J.;;;;iA i,*. sDandunat,zedL'otr:.,o\'\'\hr1Frollo 'l\\ Irra nr"lrrpp

:";;;,;.;'i;.i itlireotea srcup: ala rh" normalsrouP \ere.onlPared sith ihe a hriti' control troup
' Slatrsr'..llt sBnt,i(anl 3r P' u oi
__ Srrri..ri(^ lr'.je'riii,.1r ar a. . o.
--'st.tistr(.)h sisni6.anl iltp. o ooi

The \rBC and EsR lerels xr.reastd ,tr tb. .fllluri. conrrol srcup. (tnle HL nnd RBC lerel:

decleased ln Leuratologic.rl aDtlrsis, ill HEER: d.,ses (5o. Ioo. Nnd roo rllt/k8) e\liLiteC

siSniticantresLts(P.ooj.P<ool,nudP.oool)TheHEEREnt3oorugks,Prcdu'edlLeh'sr
r esuhs. \ ith )o\ er wBC 

^rrd 
EsR lerels ind hrshcr Hb ar RBt- letels ('l:rlne rr)

lab). 6 f:l!..i ,n tlt.ilR!. oD h.u.l,)l,rg! l)i.rut'i.f\

CFf-HEERE 3oo urg

.{flhnric co!trct (cr-\)

(!lethotresate o.5n6/kg)
cI-\-HEERESo nrg:lg
Cll-HEERE roo m3.kg

\\-BC rroq L) RBC

13 o3:o;!'r I q::o.r:11:
r:.st:o.rl- ;16:oSr'

(s dl) EsR lmDrl

IIElilr'..s ro.o;e"- 6 8a.o ,,"-'
lr q6:o.19 3.()6!0;A

rl 3o:o.51'-- lJ o9,-o -:__- 6 9':a.19"' .l (r5:O rl)---

r::;:o.83,! 99.1:o.-o--' 63t.o.r---
;iiii b\ rDkc\ s urtrpr'

;;;;;i;:;; i;;;. ii i.;;i;J e-,,p. ",a 
tr" *"'i,r;-.,p \ere cos,pared \ith trre trrhritic (ontrorsul!

' Si atjsti.al l\' s igr i fi.ant ttP< o.ori
" Statisti.all\ sitdifi.inl at P<o or
--_ Statrsticalh signiff.atrl atP<o oor

lndor. Insiiluie of Phrrmlcy'
t:.,r/rr?[],\.' rr. '

!N-$t{t,

'Ilistop tholo&I
Hisrop;tholos! ;f the rr*le loirri oi negrt^e cornrol uid rI1Ll]trc coritrr)l nts erpose(l rnr'1'1

srDornrrn rnrl -.r'llor,rl LnrrrE llrorpltolo&\'' \rithoLtt nrtlinnDitron ']nd t)re rnllu\ oltrtilinrrlr'ton'
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r,Nr,rL,rr \., rl ,rrri1 r|,1 f,'-

cells. HEERE at 2oo urg k8 nrltib,ied l1ll hiltolog(r1l iiDdrrrgs ofnfth.rhs sismiic.rDth Drore th.lD

rr roo .nd 5.) rr8/kg (fiArtre 1).

sr!€llir)g ns N€ll :ls retlrlittrg lhe s\noLnrrtt cell Irle Prc\ions rPsetr(h hrs coDilrrred thrt the

l,:ur, r ll^t,L,.LlL!1,,,1\ .r.LrLllL ruu.l !l \\r lirrrirt5 l,\i(;rl'rLfl rr(rrr1r11\'')l^rrl!l nlrr!rril
-nlir.. rllrri,',,,t ll t'nDrtIIr'fr.tri .]! 

',]J,,\iurt 
l('1.\1 1) r ,ril. Llill.a i lrrLlnnrf rri\1 1('

(lron)r lll ( r.\ i ntthot[Garc (o ; Ng lis. orilh ] :,riir(hr(t. rI)) (i,{f 1\' ( 1:.\ ' lll l.RI- -,

r)XLit!\i\\qghr.n.t.r,ii,!.,)rrrlh).il'l)1; il\ rlr\'lllli'l "'rrllr ". rl'
'',',., '.,',,',rr,.,,, lr I , \' Ilr I'l.l' r.,, , .1.'\$,'1,' ', '. r.)\ r'.r,'
xr.glni.rliotr.to'. )SI'l' r!oo. \ik.\,r. Jxl)iD

l)iscrrssion
The I'.esent slnd! rD\?sti8.ted ph\1o.henn.rl rorrirrrrrerrts nnd rr)n]r. ,trir il'thrrtls r'trrlt! ot

HEERE PhYtocher)ncrt nual\1ir Nis done L! ihe (iC-115 se!.ral snrdras co)rlinnd slnlil'.t
phio.henrical constrnrertts lound m R c?lrth.rh- Lr- lSl Inhnethestudvshlrdillgs,tbln'lhIeF
pLrtocher)rcal corEt utuents $ ere ideutiiied ill R c//rpncxs ]rnYes b! GC-llS au.rivsrs rtt pt'etious

studies [::,:3.:.r] The HEERE r!rs tonnd to liavc rhe Liglrcsr )erL'ls ol S.llic.t(trI. Protocttir'Iirr
,rcid. aud queLcetin rll o r stud! Ho\re\er. tl)eie.or)stituerlts hi\e rllerd! beerr rcpofied houi

the genus R116us br numercus sxrdies Ir3.:r-:(,
'Ihe HEERE ltr\? sLo\\'rt nrrri,rti.robial rcti!'itrFs rtflin,tt,E .o/i. s. di[rrrs. 'txl 

{ nr,r'r Thc

maxirDum zone ol inl bitnt toD \ns obsen€d n) -s orir('xs.IrlherthanE 'oli' 
and Lrig'' due Io

pheuols ar)d ila(onords as.r ntaror'.onsniuenr Plrrols :rrtd tl.('trords ,rre resPonsrl'ie tbr rhe

desrnr(trur Di ttLe rnerrrbnne ol nnrr(nrg.rrrstrr\ rirn i!(l nhkrrrB the rells rrrore de|crte

Resulted !r ,rup.uDr)eut of p|otou l,urups arrd loss oI H" .\TP.rse rll dttnrn8ed uretttbtatres t"tr
rlisrupt the norrD.l celluhI tirrction oir)re u, r'oorgrnrstt: Illrrrirrrch lex(l ro 

'ell 
rlei!h 1llP

ir)huncrobral nrli\il\ IindlIrBs c,f1hts "ru(h'x]!o ahB,u. $1rl) se\lrnl otirer Prror.ludre! lr-.18 :-l
Sevelai heltul pl.nrs deliter leLefhollr the !.lious maladies .ur<t s'rupt'rrns thir ire sruu)nr n)

those pro\idpd b! tlrdttionnl n)edi.rlal .sertts [:8] Tlte (FA or Adlrrvrrn i|d (ed irth rs rli ii

tested mt mo.tel \as .hosen lbr tlle sitr.l\ Lec,tns{t ,' i tDnrrrrdr .trl Nld.lr cn4rlorrd rrrrrrnl

rnodel tor u tnrln)ration rnd ilrthlihs [2q]. RedLrceit pi$ s\\ellns rs llle n)ost i[lportrrtt fr(1or rlr

deteuiltrlDg lhe degr€e of mtlannllxho . ru.t n.tii',t\ ol rnrFtllirDrtnrror\ rDd rntr'adhl,ln'
dnrSs ho,.lrl 1r N.Lo or)e oithesrnrl,lest. llxNl.errsrtt!e. and irstest ]nethxls The d e're'se rrr

pal: thrrkrress rs thought to Le dLre io .1 dr( LDe n I the rele^se of I nilarruntl krr\ nledidtols. x Dd I t N

e'rderr"e ofallv dlug . ,trtti r ntlanunato 11 rnd llnttirtlurti. rciion rlr 
'FA'rIdLrccd 

arlhitis [.lr]
R .l/ilre1^- \ corrrr,tr,llI\ cIr)!lo\ed nr lrrdrlNlrtrl rned! rnc. lr) rrexi rrrdirrrrrrrrror) {l ll r'

i1 rcsult, the .urreDt stud! lms been .oulirlnr)E tlle etlic..s of ./:( cl?ifti'rrs rr) rPductlS Pa\

irts t::.t-:61 ]n.e;r-6rond ranFc ol Irrr'xrtllhtr( a.tAirl dur to tl€{p\senct orr;; "J,,,",r;" ;; ii,.lN'.,.. ",

\N-,'. o.,"lV.i '' "'E[ tci..,c'
,{ l, .. ri,:.Limacy.

q i \, i,lii ri\i ir)
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konrr crrl \''rIl:i"i I:] '!:r'llL1l (ir'nrhirrri nrr'r\!lri'

saUic a.rd, Pro.atechoic ncid. Pcounrric icid QuercetrD llnd tiienrplerol \!bl1.h rssrlrrilirro oru'

fiu.tiDss hi-391

('oncltrsion
-{ total of$ Ph\1o.heni.al cousittuents \re!e tb\ud r the Lldrleth&noltr' e\trnct ofR eliiplkrh'

i""'"". n'i"rirgnr +*onstmie{t potentiil rtirrncrotrtal proPe(res lnth th? zone ot iuhibilrort

.,,*,',r'f.",t, ttt" ",. 
U.<'to r: lru' ior'l'"tr"t tl slnirrs rDd I l4r:, _+ to l 5'o I nrrn lbt iLnigil

";;;i',": 
il,; "",i" 

roscnv snrdres h'!' 
'terr)oDsnrted 

thrt the HETRE 's nsh'hee ('Itr) no

{En,trciDt .hrr,e.P: rr, helrrtFr"l ur rrerrrolos'; 'l re'prr*e' trP Io j'uno ruF kB bo'1\ t'a8h 'i
,liiii.".irr'rii?*i a.";, ,'r r. ,"'. nrr'r :on "'s t'5, t*r'ued 1'rs r"rrrr r- rrrd rrr rn""'

,ltt".g]r".*ifr" *ay flre :oo rrtg:kg 
'losr 

.Jl HEERE \'r' rlnFn rdcrrh(nl ro rrretlolre\ite I'rr

:lut;nDthritis ncli\1tY.

' Ethical approval
Tr'a nrnin..l r(is aDDNled b! the lnstrtute ol -\rrrnrl Ethics Corruuittee ()lllCP'L{EC-8:I) :tud

'\ILi,i[;:':;ii'f,JA',i,,ii,i"'tii:iii" 
i,ip"a" 'ri corrtror a';rd SrrperrrsroD o. E\Perir.P.rir

-rruriirrls (cPSCLrr s ere lbllosq{

Cor[petirrg irrtercsrs

T1le aull)ols declaP that there ls no conl'lict oiirxerest'

.{cknorvled8luerrrs

.{lnlltho|saleth.tukfultotirenolgrnization'rtilthellful]sllPPolldu[ltgthereie;lr.hsollt

frudittg
-Ihis stud\, did uot lecene inI sP€'ifn'Srrnt from trndrrrB 

'8encres 
lll the Publi' tomrner'iil' ot

uol-tbr-Prolit se(toN.

I'D.lerhirrg dsla

-{l rlata urrde|lvrDg tlre results ale atrilable as pa( oi tl}P rni(ie and llo 'ldditl.lral soNce dttr

IIow to cite
liurr.ri \. Pmkasl \'. (irpln 1), tl '/ lri'trrrilrxl!'rr 'r!l r\nIr:rln'tr r)f rtrltnrt tob'il xrr(l !ri11-

,, ii,"',* """"i* ,,r r,*rrrietliarrok exrrad or Rrii)irJ 'llil 'rk1'r lei\ +' \r\n'i J !o23 il ( r) e 
' 
i:

- litp.,ldoi.o[g/10 52.rx5/rraD. \ 3i:] r;:r

Rcft'r'e tt< r's

rnaor" rn.r:truYd AcPnolt cY'

264



?hdrrnacy'

l\
r'd""ii'JitJ (M.9,)

265



Lrr.' 'r "

Nr
trMrpal

lndorr lI,,irne of pharnrac\

tii,
\1'

' ).'
/gi

266



RESAARCH ARTICLE

Diuretic Activity of Hydroalcoholic
(R.) Nees. Leaves in

Extract of Peris trophe bicalyculata

Saline Loaded Rats
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Source ofsupportr Nil

Conllict of inlerest: Nonc

t,1ci)polis tnstituta t)l PharnnttettiLuI Edtl':ulbn & Rcstat\ h l tlot! trlolh|u Pt'tlnoh' kditl
:vnl\.u;asot Cott?ee olPhurttut'\ ttulat' tldtthru Prul+lt 1t. u

ttnloilnsrtrlrLol Pharnta't lntlot! ltlu(lhru L l'!h lnlkt
'fio Jip(r/ (l'l/t'rr' "t Pt"L r't-A ht'L'' \'t'lhL \l'ltr.ht''1^li'l't,

'lnstitt eol Ph; rn,a. cutit'rl Si i"" 
' 
r S'4Cr t/rrra':A lr'l"t'' \l'tth- rtn'l'\.h lnlin

Reeived: ldh Juh', 2023t Ra'ised: 1! septenhct, 202J; Accepral: I / o'toh?a 202J: Aroilot e onli ?: 2{ De@nlx!' 2023

ABSTRACT
Pe' t\|aDh" hnattcutdtn tR. r Ne('. rPB I rs one ul lhe rnusl q rdel) rnedr(rnbl nldnr' u'ed rn rn' rrnr lulllure lu IreJl a nurnbcr

:i;i::;l;. ;;l;;;;:;;, '"'."",.i,*.,*a',",,"..i'' ", "' 
r'i'i'*r'+"",.: "rr(r 

ur rcd'e"r'er('reo nranr,$J'e\!r'(ur'd

in saline-loaded rals Ralsweighinginbetween180to:Oug'n'itirt'tt'"'""'t'akcnlorrhefresenrsrudvandconuenlrrl'on
ofurinarv NA'K'and cl *a. aeten,tinea ro u""]*"ir" rrri'"'""a-' 'r**!rdlrun 

(MoA ) The hvdroalcoholic c\rracl of

;iii;:i:l "lilfi;:; "iiij ,"eit, i* !.n"*o ,,e"in.*r ai-e.i. . : rrours sh c rr rhc resr dosc or 500 m8 kg b\v

produced substanrial diuresis ar the end of4 hours'

Key{ords: P.rirroplic 6krlrt!/(,.r' Diurcsis l cdvcs Rar' Exrract'

lnrcmatiunal Juurnai o f ptarnraccurical Qualiry Assumncc (1021): DOlr t015258 iipqLr.l4 4.15

Howtocilcthisarticlo:DwivediS.Chha]edM.ChabraG.]adha\SA.Goyln.trG.choudharyNK,DilrelicAcli\lly
of Hvdroalcohoric Exnac\ of petis r)t k hi"{,,.;;;;-i*l) N..s Le \es in sirlinc r-oadec R s lnrenurionxl .rnurn.l oi

Phar;n{c.urical Qualil} Assurance 202lil4(4)r1048-1049

INTRODUCTION
From ancienl cultures, hcrbs have been used to trcat sevcral

humirn disorders, even in deYeloping counlriesi a maloritv of

ir,. nunr,t",t,,.r.n."a ' - med)r'rnalnldnrs for rhe rreJrnlenr ul-

'nlo,r,trurn,',ilnrnrs. 
Drurelsi:oneofthenro'rrnroo'ldnr

fields uhere rhere is a trernendous possibilnv to use MP s and

it .,, pro.t,*, ',u "",u 
g.r lo"tletferr' "l rlrug rnJ nrrrenr $ ill

Thc Dl.rnr Prrh, r'l,,' /'i' J/rr r/'rIo I R'r Ncc' r Plli fJ'n")

ecanrtraccae i. a .hori.ub-.lrnrh har rnE a her8lir or'4 ro o lec'

T;e larious pa ofthe planl is used medicinallv' The plant is

widclv uscd is an anrioxidanr. anri-canccr' anti'infl anrmalorv'

ets Lieramre has reporred the dieresis aclion olrhis plrnl''

iherctbLe an artcrnpr wrs nraile ro screen thc unri-diuretie

aclivity oflhc Plant.

MATERIALAI\D M ETHODS

Plant Materlal
The leaves ol l' hn1l^r ,/.r/, t R.) N ees ' Was col lec led lKnlr

tr," r'lrr*, ,"g., .rnd $as nrade au(henrrctiled bv Bolanisl'

Rarsoi-$ithcrscx wcighing l1i0 lo 200 gN w'tr \clcctcd lirr

rhe frescnt study. The frotocols *ere approved b\ IAE('

Plant Ertrrcti0n
ln 250 sm oll dricd powdcrcd coarsclv plant nr'tcrial !ti\
.,,bi,,cr ir cxrracrrrm in sorhlcl using elh{rroland urr'rl9l):l0l'

alterexrracliune*rrrcl *ardried HAEPBL rsa hldroalcoholre

"-,rr.t 
,l f*t* *t*" 

"l 
P bnttltt un tR)-1

Animal CrouP and Dosirrg

Rats wcru divided in diltcrcnt Srcups Oraltrcalrrlcnt velriclc

2 ml-,1-ml $'.rs gi\en.rs neS.rlive co rrol nnd srantlard drug

liroscmidc rr rlrc dosc 1)l l0 nr-r'kg wrrs lrkcn rn r(conslrr(rr!on

'ml ,1,{rr.rr (1,'rrllru {'rl(' Th( 'rhLr rs' !rouf' r( (''(J
ntrnr $rr*r ur rl. r<'r,lo'r' ur '<rr und 5('r' nrP 

^g 
hs rlh"

i"s" *rt r..cr'.,1 lr,'nr prc\ io'r\ hndrn-!'r

Diurctic actir il]
The activily was Perlormcd
and the lreatment with NaCl

l5 ml/kg for rniformitY in

Lrsing aninul lasting o\crfisht
r.e.. norm.rl s,rh e. or.rl dos. ol

watcr and sallload. The grouP\
Voucher No. J./Bot./

eU11;l*"**r.
',c,.111u'-, Mp.l\".r.,c \iilUir;(M.P.)
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Diuretic Activiry of Periitop he bicalyculata lB-) Nees

Tlble 2r Ellccl oihydtullcoholi..xtacl on l.alcs urlracr olP
,n?/rr'!//kr (R.)Neos. on urinary tlcclrolvlc

El t'.hteConL. Uri"ot1 tdnDI/L

.l t.82 + .t t4

5128 r
2 25r.r
66 24 t

I

Table l: Efeds olhydrc.lcoholic extrad on lervs exlBcr otP
/tr z/e.x/ara tR.r Nces o. unne volume

RESIJt,l'S AID DISCUSSION

Th€ diurelic aclivity of hydroalcoholic extract on lcaves c\trrcl
of l'. hielr(rlutn (R.) $as scrccncd on salin('lo.dcd rl)rs

From rhc resulls ob(aincd it $'as ibund lhal lhe dinrclic action

ofHAEPBI- h.rving dose 500 mg,kgbw is I 77 which is rnorc

than thal of HAEPBT- having 250 mg/kgbw (1 56)' 'i"urint
excretion ir nrore in H AEPBI- 500 msrks be and was lbund lo

bc 91.28. Thc diuretrc activny ol IlAl:PBL -250 mg/kg bw \\as

lound ro bc 0.?9 and IIAEPIIL-500 nrgrkg bw was found ro bc

0il9(Tablc I andGrrph l) Thcrcsuhslbrurinarlclccrrcl)rc'
wad prcscnrcd in Tablc 2 and Graph 2.

c():\ct,ustoN
From lhc rcsultsoblainrd. rt was rc\calcdrhallhchydrorl'oholic

exlracr on lcaves e:(lracl ofP hklr^t rirrl.r (R.) posscss drurelir

rcrivrty al both dosc i.c. 250 and 500 nlgrkg bu AthiShcr

doseslhe resuhswere nrorebeller rhan loucrdoses 
-Ihe re$lls

of urinlry clccnolytc conccntrltion suSgcsl thrt lhc cxlrirct

has several MoA and the srudv sill provide the rradilronsl

and tirl{lorc claims ollhc plant as a diurcric agcnr'
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RF,FI.:Rf,ICES

I Srnr.d D Srntus !r., ol lr.di.Ltr l phnrs sc'hh ol \'ldlsi
r.!.'_ l\,1].lh\J Pra.l('- rrhr'(.h rrr(rrnJ( " ' 'L '' i{'
.r!rlnemble!id endanrered rnrcies Ittrrirral'iEeononli' Jnd

n!$nomrc l\nrny 200gi r'rl:) :ll.r_51

2 wrshr i l. Vrn_llurcn L- Kroncr ( 1. Ko'in8 N'1M tl$brL

n)cdrcrn.scsdrurcllcs: arc!l.wol lhcsci. rlic'\dencc lo!nu!
ol[rhtoPhrnnacol(t8y ]00? ocr l1:l l1(!) l'll

3. DwrvcdrS.DwivcdiA t)wrlcdlS)l l_olk lorc urcsoln)nr fhnN
b, the rlhcs 01 Nl8-thyd PBLlesh Nith sPcriil i8r'erence h rlrcLr

conscNarron. Erhnobor.nr.rtl L!aucrs :00N: l:l0i
,l Sh,^\isS-( houltscyR.Dwi\cdrS AnrL(.Jndrdalcri\nlollqs

lidri Nledicinnl herbs us.d in rh.1!carn1!nl ol(i)n'cologrurl
dr\trdta Rcscrrchl(\r rrl(nPh mnct tnd T"hnolosv ll)l1i
l4(4) 1lr5-7

Urine Di tYti.' Dnutti.
Euretion d.tio Actiritr

HATJPBL-250

HAEPAL.5Ol]

2.8r r 0,16

514r02u

5t.19

l0l.16

a0.21

91 2u

I

L91

156

I

079

0.89

mgAgb*

HAEPBL.250

HAEPBL.SOO

25.1211 t2

43.29 +

48.23 + 8?'*+

12.18 + 2.42

ll"r", n*a,tg"**p,**,1 
"s 

X + sEM from d .si( and lound

Grsph l: Diurctic dciion ofleavcs cxlract ol PB

{;rrph l: l'ni4 
' 
lc('r.i\rc('on.cnn-rio' rn lcc\"" r'r''"1r

,, Jr..L/rJrR, \c.' o' '.rrnJO 
c'c!rrulrir

were given with srandard drug and anolher lesl dose Urine 7

was collecled and llriher pH and eleclrolyte analysrs was

eslimried. Slalislically. Ihe resulls were cornpared using

ANOVA and expressed in nrean + SEM r''

J'

Uhar R.shrrbhagP.shaburavd AR DNrelr. Aerrrily or'F1hnr'! t
Exlracr oi'llauhinla lomenrcsa Linn Rools. lnrernalion' l lounr 

' 
L

of Phdnrrccur ica I and Phylophr I trDcoloSio I Rcscuch lcl l PI'Rl

20ll ,\nri l.r(l)15tr)
Nfl rtrr L\" p.!dhin ItR. Lelb rk r PL.Rr1.\'/.Ldlfu riNLr

f_. v ihlhlunr P(. Nlchla S( Diur.ric icri!irv cv!lLrir nr n d

.henr i.dl (,mposir ion analysisolHedvoris sudndens erro'r tionl

Mrzoram. lndi!. rn rar modcls .l(urnrl ot ErhnoPhrrmacobS)

2024.J!n l0r ll9 I17079
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