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Stability-indicating Ultra-high Performance Liquid Chromatography
Method for Determination of trans-Resveratrol Bulk and Tablets

Kritamorn Jitrangsri, Amornrut Chaidedgumjorn®, Malai Satiraphan’

Abstract

Introduction: trans-Resveratrol is a phenolic compound found in berries and nuts. It shows
many pharmacological activities. There are many analytical methods has been developed to quantify
t-resveratrol in natural products, none of these methods are stability-indicating method of t-resveratrol
in bulk and tablet dosage-form. This research was therefore conducted to develop the stability-indicating
method for determination of t-resveratrol by using Ultra-high Performance Liquid Chromatography
(UPLC). The developed method was subsequently validated under the International Conference on
Harmonization (ICH) guidelines on validation of analytical procedures. Furthermore, accelerated
stability, standard stock solution (SSS) stability and auto-sampler (AS) stability studies of t-resveratrol
in bulk and tablets were also carried out. Methods: UPLC conditions were developed and then
validated with the following criteria; accuracy, precision, specificity, limit of detection (LOD), limit of
quantitation (LOQ), linearity, range and robustness. The stability of product was analyzed after 1 month
storage at accelerated conditions. The peak area of t-resveratrol between aged solution and freshly
prepared solution was compared for SSS and AS study. Results: The optimum UPLC conditions were
found to be as follows: reversed-phase C18 column with gradient elution system comprised of acetonitrile
and water, run time 3 minutes, flow rate at 0.4 mL/min and UV detection at 306 nm. The degradants
of t-resveratrol in bulk and tablets obtained from forced degradation study were well separated from
the t-resveratrol peak, and the t-resveratrol peak was pure in all stress conditions. The linearity of the
proposed method was found in a range of concentration 0.4 — 1.8 ug/mL. The coefficient of determination
(") was 0.9999. Repeatability and intermediate precision showed a good reproducibility with %RSD
less than 2.0. Recovery of method was found to be 99.04% and 99.93% for t-resveratrol in bulk and
tablets, respectively. The LOD and LOQ were 0.01 pg/mL and 0.02 pg/mL, respectively. The content
of t-resveratrol resulted from changing of flow rate and column temperature were within £2% compared
to developed analytical conditions. -Resveratrol in bulk and tablets was stable for 1 month of storage
at 40°C 75%RH, standard solution was stable for 25 days at -20°C and 2 days in auto-sampler
compartment at room temperature. Conclusion: The newly developed method was precise, accurate
and reliable. It is suitable to be a stability-indicating method for determination of f-resveratrol in bulk
and tablets.
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Stress conditions

Raw material

Tablets

Acid hydrolysis

Basic hydrolysis

Oxidation 3%HZO2 2 hr, RT
Thermolysis 60°C 1 month
Photolysis UV 254 nm 15 minutes

0.1 N HCI 8 hr, RT

0.01 N NaOH 8 hr, RT

0.1 N HCI 24 hr, RT
0.01 N NaOH 8 hr, RT
3%HZO2 8 hr, RT
60°C 1 month

UV 254 nm 15 minutes

hr = hours, RT = room temperature

ﬁ]’mf}uﬁmimwngummu’%qﬂ%(“uaaﬁﬂ
(peak purity angle) ﬁammmﬂ%qﬂ%{maaﬁﬂ i
ARG 9 LABUAUAMRII apex WATAITAKLY
mmu’%qw%maaﬂﬂ (peakpurity threshold) fiaein
ag‘umwu%qﬂ%:“?‘imﬂq@madﬂﬂ%dLﬁﬂa’m
NITLIUMITLNIUGN G 11 F13gnozaananlu
ARSI AL MIeIRITazAenT 0 R
sunndug udu I@]m:ﬁad’]ﬁﬂﬁﬂ'z'}uﬁqﬂ'ﬁf
o peak purity angle %a8ni1¢1 peak purity
threshold
- anafinsvasis (Precision)
HMn1InasaunlITe repeatability
lagdianeridlating t-resveratrol Tanduuae
sduyuidiadwiu 6 drmeluTudorin uas
intermediate precision lasdianeidnadng
t-resveratrol i’@q@mm:gﬂuumﬁm‘ﬁmu 6

dviuin lasRarsondigudooununaigin

52

FUANT (%RSD) Muluiuidaes uaznasay
ANNLLIUTIRIERI U TR laulT F-test
ILAUNUEIATY 0.05
1 a A
- ANMALNWDIAD (Accuracy)
AIN1ITLATIERAINIT LG NAUA K
Aad .
(%recovery) 28335 lae spike 1IREA1BUINIZIN
AU ENNNTILAN VLT VT WL U UNTEAU
50%, 100% W&z 150% (0.5, 1.0 uaz 1.5 lulasnTa/
IaRAaT eUsIGL)
@) [ 1 a I'4
- ANMNBLERATILRTINITIAITIEH
(Linearity and Range)

#nsiteziasaza uuIaIgIuln
FRAMUTNTH 0.4 — 1.8 T lasnTu/AaaaanT Lay
RINTIINANVFNRUTTZAINIAN VT NI UV IRNT
X 4 . - e A £ .
AUANBANA LarRNTINAFNUIERNTNNIRUa

(Coefficient of determination)



v o=t
2. LNRTANTAIDRN

# 11 aifuft 3 n.a. - n.g. 2558

=23

ada

PN ALITAINNAITUY trans-resveratrol 1uﬁ'saihﬁmqﬁu

LLE‘KEU LLlJiJLﬁ(ﬂiﬂULﬂﬂﬁﬂiﬂiu’ﬂ“{mi’]ﬂuﬂlﬂladl,ﬂﬂ’.)ﬁ&liiﬂ%tg\iadﬂﬁﬂ

NITONT INTIIAT UaTAAE

- LOD iaz LOQ
fmnagaulagthmInemuuaIgIn
W138919 LA s T uiiv IR uR
TaRanldsuTsnan signal to noise Uszanm
3:1 %30 LOD uazilszanm 10:1 &1%3U LOQ
- ANANUHBIIDNAFDL (Robustness)

MM NLAUTIN M tresveratrol 11
fatiagdvuazgduuudianieldaniizng
Siseifaswll leud madasusannslng
(£10%) %%mﬂ'é‘suqm%nﬁaaé‘uﬁ (+5°C)

- ANMNAIAT (Stability)

- AMUAIAIVBINRAA UM (Product
stability)

- MIIATNEAUS I tresveratrol
ludnathsianAuuazgtuuuiiio nanfvludfnm
ANUAITITIENTIE 40°C 75%RH (waan 1 18a%

- AUAIAITOIFITATAILNIATTIN
(Standard stock solution stability) 938919
R1IBLALNIATZIN SSS "?'il,ﬁuﬁqmﬁgﬁ -20°C
e 25 u udrRansaniuiiei ooy
ﬁ’umia:mﬂmmgﬂuﬁm’%'w%ulmimmmﬁa
yosmslueiasindasnednluda (Auto-sampler
stability)

HN9Ae Iz RE IRz uNIA T Ul
vial LauﬁLﬁuag'sLuLﬂ%aaﬁ@ﬁ'sadwé’miuﬁatﬂu
1281 2 %Tuﬁqm%qﬁﬁaa WsuRguAuiRad le
SufuRuinainegldsunauaiovmsazany
aSiusn

13 an12eile3ias1e9 (Chromato-

graphic conditions)
Ymsinziaisiaies UPLC e
Waters® % Acquity H Class Usznausiailuuse
AUFIFBIN TTUUMNIAWBIEIMA TTUUAILAN
qquﬁﬂaﬁuﬁ m’%ﬁaaﬁ@ﬁ’aaﬂmé’mhﬁﬁmuqu
annnfled wazszuvasiataanaliginuy

53

photodiode array aaaNil Acquity BEH C18
2.1 mm x 100 mm v1AeuMa 1.7 lulanuas
adaniidsznaudisesglalu-lass (A) uazin
8) Wsunsumsusnuuuinsidew (gradient) disil
0 w17; 70%B, 0.2 w171; 40%B, 0.7 w11; 60%B,
1.3 w171; 60%B, 1.5 W1; 70%B waz 3.0 wI7;
70%B das1mslnadi 0.4 Sadaasiund angdl
aaauil 30°C U3unasia 2 lulasdias anatalas
Iuss UV Ainnnuenindu 306 wiluiwas

NAN13398
1. NMINAIWIITIAIIEA

Lﬁ@dﬁﬂﬂﬁ%%’ﬁﬁaamiﬁwuﬁ%
Slaneifidanuinsuazazanlum ey 59
Guduanminasaslianzmnneives Lee
wazame (2004) Gslfinmadaniiaeiniuesdla
Twlasd ludanaiu 60:40 AaausITaa C
895 TMa 1.0 AadFATWTA WURNAVEI t-res-
veratrol Aiaan1l3zanme 16 Wil (Lee et al., 2004)
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Ufji3eN (forced degradation study) WUI&ENT t-
resveratrol gsnadldingluanisfidudns uas
nelduss UV gawnisissdisenlunsauss
2aNTLATUNURNTABE 9 #1867 wAa1THANN
ﬂaﬂuﬁqmﬁgﬁ 60°C Huan 1 heulaslaifia
MIERNLE ULRTENTRAUEIALANIINNNTLSS
UgAuneandadu uazalsuss UV Aa cis-res-
veratrol (lolmuasuas t-resveratrol) S9813150
AgatiandnsalldlasRsandinisganiuusd

goq@ﬁ 286 w1lluaT (gﬂ‘ﬁ 2(3)) ueNavad t-
resveratrol itz ldlanrinunasajiselu
nﬂam’a:ﬂ’amﬁmmu‘%qﬂ‘ﬁfag laodidn peak
purity angle %a8ni161 peak purity threshold
- auResasdT (Precision)

NAMTAATEAUSUNUENT t-resveratrol
Iuéf'sashﬁmqaml,a:gﬂmeﬁﬂfﬁﬂmu 6 B}
anududu 1.0 lulasnsudssans Wendudes
LRIAIPIUTHANT (%RSD) M sluTuiiniemey
#2803 2.0% wazldwuanuLandsvasaInu
nsUrusznine e e wlagls F-test fiszeu
ANuLEaiL 0.05 (a151991 2)

P = PN ada & .
AN 2 NANIANBIAIULNLIVBIITIAILAINEH (Precision)

Analyzed %Label amount
Sample Mean SD %RSD Fcal"’
on 1 2 3 4 5 6
Raw 2 Apr15 94.85 93.87 92.43 92.51 92.18 93.01 93.14 1.03 1.1 3.05
material 3 Apr15 93.13  91.79  92.11 93.32 9272 9280 92.65 0.59 0.64
Tablets 2 Apr15 108.15 107.88 110.62 106.96 106.74 105.90 107.71 1.64 1.52 1.38
3 Apr15 108.32 109.61 110.05 105.04 108.90 106.54 108.08 1.93 1.78
°F =SD %SD *F_ =505 F <F ;accepted H
cal large small cri(0.05,5,5) cal cri 0

W¥ha991ne F Adwinsleuasdraned
Ataaninen F Nainga
3. @NNUARYBIAD (Accuracy)
IINNTIATIZRABEVINHIUNNT
. dl Qs U U
spike §138zALUNNIPIUNIZAUANUTNTU 50%,
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100% uaz 150% vasMatvianduuasIluuy
o farnslandudn (%recovery) ag’Iwﬁ’m
98.35-99.55% ez 98.30-102.26% Vaif1ati1d

[ a

= o o P
mq@uLngﬂuummmum@u (A139N 3)
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GI”I‘S’]\‘lﬁ 3 WanIAnNHIANLIU8IID (Accuracy)

Sample Applied (pg/mL) Found (pg/mL)* = SD %Recovery”
Raw material 0.5 0.492 + 0.005 98.35

1.0 0.992 + 0.004 99.22

1.5 1.493 + 0.017 99.55
Tablets 0.5 0.492 + 0.008 98.30

1.0 0.992 + 0.015 99.24

1.5 1.534 + 0.040 102.26

FURARDINNMTIATIZA 3 1 (n=3) *%Recovery = (Conc.Found/Conc.Applied) x 100

4. anananassuazEnTIATER
(Linearity and Range)
IPheneFlanusuiuiduauase
sEniIRwAReAUA N UE N Twsesanslaudan
Fuls ANt nua () Wity 0.9999 lusa4
anudutn 0.4 — 1.8 lulaniw/Asddns uasd
FUNINANDULTILFWLYINALY y = 29875.5882x -
620.6716

5. LOD uaz LOQ
LOD uaz LOQ w84353amnesiivinny
0.01 uaz 0.02 lulasnSu/Aafaas anudeu
6. ANMANWVIIDNAFOL (Robustness)
NAMIIATIEAUSIN DL t-resveratrol
Worasuwanizfildlunisdiessilaun 4
qm%gﬁﬂaﬁuﬁ 25 uas 35°C figalna 0.36
uaz 0.44 Jadaay/wn agiiuﬁaa 2% flaRuiiv
55'%’3msw:ﬁﬁﬁwm%u?ﬁlué’aaﬂwa%’@lqﬁmmz
sUunuLiia (@15197% 4)

ai = ad
AN 4 HANNIANEIAMUNUVBIITNARDLY (Robustness)
Sample Normal condition Changed Condition (%L.A.?)
(%L.A%) Flow rate (mL/min) Column Temperature (°C)
0.40 mL/min, 30°C
0.36 0.44 25 35
Raw material 92.34 92.50 92.53 92.90 92.65
Tablets 109.33 109.44 109.30 110.30 109.90

EURRDINNMTIATIZA 3 B (n=3)
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v o=t
2. LNRTANTAIDRN

# 11 aifuft 3 n.a. - n.g. 2558

=23

ada

PN ALITAINNAITUY trans-resveratrol 1uﬁ'saihﬁmqﬁu

LLE‘KEU LLlJiJLﬁ(ﬂiﬂULﬂﬂﬁﬂiﬂiu’ﬂ“{mi’]ﬂuﬂlﬂladl,ﬂﬂ’.)ﬁ&liiﬂ%tg\iadﬂﬁﬂ
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7. MIAN¥IANAIAT (Stability)
AMUAINIVBINAAA UM (Product
stability) wuiidladrstanduuazzlunuidad
anuaddnduiiaadieies 1 L@an %é’alﬁﬁluﬁ
Anwanuasdifianing 40°C 75%RH lasd
USunok t-resveratrol LWapuutadliin 2% e
Lﬁwﬁué’hasi’mﬁvl,;ivl,@ﬁﬁusluﬁﬁnmmwméh
FIMTUANVAIAIZBIRIINZAILNIATZIH (Stand-
ard stock solution stability) LazANUAIGIVAIENT
Tweniasdadaogndaluld (Auto-sampler stabil-
ity) wu'jwmsa:msjmmg'mﬁl,ﬁuﬁqmmﬁ -20°C
fJanuasandwanognekos 25 TULazEN1I0
Aulwedasdadansdaluddldidunm 2 Sud
qmwgﬁﬁaﬂ@slvlajv‘iﬂﬁﬂ’%mmvﬁuﬁﬁﬂﬁi'ﬂw
Wasnudain 2%

andsrenan1sIdY
3P9LATILH t-resveratrol NWaAIWIU

fid }

[

AMVRZAINIUNNTIATITANINNTINIDILATIZAN

)}

welasumsdAnannan (Betiova et al., 2010;
Casas et al., 2010; Chukwumah et al., 2012;
Marqués et al., 2013; Phan-Thien et al., 2014;
Pissa et al., 2006; Xiong et al., 2014; Yu et al.,
2005; Zupancic et al., 2015) iiosaninatndondi
Usznaudsiniuesdla-lulasdivindgn uasiu
e neinianunasinnnii laedsesm
SlaTsidenitsdognadies 3 widl veilena
1899103351052 K AT T WAL 13 2N
UTum4 t-resveratrol Tudnatnsayulng 391w
dasldrzpziialunm e nziumwsziduans
NEURANETHA 3INNITANBIANNTUNIZLANZA
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YAIIDTNAFOUWLINRNT t-resveratrol §a1862418
Tugnefiiuens Ssgennaasiunsansves
Zupandic Lazame (2015) ﬁa@ﬂ’h t-resveratrol
aangiagsra lugnzfiiug Taad pH
10.0 ssezamodluifeuranuansluig 9
i il dudasananududunosanfils
namousiily 0.01 N NaOH wiasanndls 0.1 N
NaOH msazamgluiAaurionualum 1 $2lug
wonanit t-resveratrol axtaswlelmuaslin
cis-resveratrol "L@T\‘i'lsu,fiagnmzﬁuﬁwl,l,m lasns
a18uss UV fianugnnan 254 wilwwuas 1u
A1 15 WA vl szanth 50% wed t-resver-
atrol Wapwn cis lolmues s‘ﬁaﬁgaﬁwﬂé’nmﬁ
"L@“]T@]s@hmi@@lﬂﬁml,aogaqwaamia:mﬁsumﬂ
306 wluiuas 1Ju 286 wiluluas (Liu et al.,
2013; Rudolf et al., 2005; Zupancic et al., 2015;)
(yjﬁ 23)) lapiladufissnadansiasulelnwas
YIENTIAUA TzHZIMIBANTANBURY FDIUSNN
MENWVEIINT UazgMnndl (Zupancic et al.,
2015) lagAFARMUE HEINNIORENFITHIRD
lalmwasoananiuld uazfiawadans t-resveratrol
a:vlaignsumuﬁ'sUﬁﬂmaamiamﬂéf'gﬁﬁ@%ﬂu
nnama:ﬁl’ﬁmaau NAMIANBANTBIT89
5% (Precision) WU 3 ANaIW IR A B9LUn
WIAIFINFUANT (%RSD) 3MNNIINARBILUL
n'lsfl,u"iul,l,a:szwm"mﬁ%Lﬂi’]zﬁaglwﬁao 0.64-
1.78% asfianstannin3sfinamnlay Lee wazams
(2004) uaz Phan-Thien uazam (2014) uazd
anuaanIalunsiatn (Repeatability) Aialagd
A %RSD BaIRUARANMTILATIEREa8N 957
$1um 5 aSaasnIn 1.0% (15197 5)
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A137911 5 HANINARALAMULNNNZRNDDITZUL (system suitability)

Injections Retention Time (min) Peak area USP Plates USP Tailing factor
1 1.297 32318 14462 1.28
2 1.298 32201 14229 1.28
3 1.299 32222 13732 1.28
4 1.295 32336 14020 1.28
5 1.297 32241 13267 1.29
Mean 1.297 32264 13942 1.28
%RSD 0.10 0.19 3.32 0.35

WONINNAKNANITNAFIUAINN LB
(Accuracy) 2843twuinddiniviandaudu
(%Recovery) agjﬂu"ﬁ'so 98.35-102.26% afleinms
anaufuunninddiessiaes Liu uasame
(2013) Phan-Thien wazAtaz (2014) uaz Rudolf
UazADL (2005) Waltenaudiasandegnsildanmn
Lﬂ%i’@lqauLLa:EﬂLLUULﬁ@%aﬁﬁanmaﬁM%’wﬁau
mﬁauéhas‘waagu"[m WaNINIAN LOD uas
LOQ wedsiFfiNamwdulniddviniy 0.01 uas
0.02 lulasn3u/fiadans GedawinAuitues Ru-
dolf LazAme (2005) uAdlindniNATAe=Hued
Lee wazatuwe (2004) Pascual-Marti LLazatwe
(2001) &g Zupandic LazAme (2015) HANTIANEN
ANMUNUVBIIDILATIER (Robustness) wuidle
Wasudasinslnalugis +10% WAz MRl
paduy +5°C liddnadaniIniUSuimved
t-resveratrol luéhamﬁmq@mngmwmﬁ@
FNIUNANIANBIANAIAIVBIENT t-resveratrol
wudwﬁaé’aashﬁmq@uLLazgﬂJmeﬁ@ﬁmmmé’a
1Jutaan 1 Lﬁauﬁqm%{]ﬁ 40°C 75%RH LLaziugﬂ
msazanpasduiamenatay 25 Twieliud
gl —20°C uazadisvay 2 oo
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anmniiviag FamoandasiunsAnEaa9 Liazid
asate (2007) ﬁi:q’jﬁa’li t-resveratrol 38818
éf'sl,ﬁaqm%gﬁmnn'h 100°C LAZNNIANBHIVDY
Zupandié¢ uazams (2015) ﬁa@ﬂ'jﬁmia:ms
t-resveratrol I nansfi pH 6.8 8AINNIIRALA
AART 22 wi'u,fial,ﬁuﬁqmmuﬁ 4°C diafioufu
milﬁuﬁqmﬁgﬁ 37°C
a5Unan1939y

AFALA I ANNAITIVEITS tres-
veratrol lué‘hamﬁ@lqaul,l,a:gﬂl,l,uuLﬁ@ﬁﬁwm
2 Tanwine szarn Seredlaras wiaui
flanugndas uanen wazinEefie anzaufias
1’5@%"3%"’3Lﬂi’]:ﬁﬁl’ﬁé‘mmwm']umé’m%amuqu
AN IWHAAA W t-resveratrol Tuwasdfidnns

naansIsnlszne
mu"‘s%'ﬂ%uﬁvléﬁ'ummﬁumgmuﬂi:mm
waziadasdannamsinduaans YwndInensy
ARTNNS INENVANTENTIIFWNTUNS TINTTINT
m‘{‘,mﬂ:ﬁméao UPLC uaznoauiifileluawds
NAUTENENINILelSes $11a
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