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Curcumin diethyl disuccinate (CDD) is a prodrug of curcumin, which has been developed to
improve stability and bioavailability of curcumin. CDD possesses various biological activities including
anti-inflammatory and anticancer activities. The aim of this study was to develop and validate a
reversed-phase HPLC-PDA method for the determination of CDD in raw material in accordance with
USP, ICH and WHO guidelines. The RP-HPLC analysis was carried out on a Halo C18 column (50x4.6
mm, 2.7u) using acetonitrile and 2% acetic acid in the ratio of 72:28 (%v/v) as a mobile phase in
isocratic elution mode. The mobile phase was delivered at flow rate of 1 mL/min and analytes were
detected by photodiode array detector at 400 nm. The retention time of the CDD peak was 13
minutes. An absence of interfering peaks at the retention time of CDD indicated the specificity of the
method. Linearity of the method was observed over the concentration range of 2 — 10 pg/mL (r =
0.9999). The percentage relative standard deviation (%RSD) values of intra-day assay were found to
be 1.05, 0.61 and 0.48 for low, medium and high (2, 6 and 10 pg/mL) concentrations of CDD,
respectively. For inter-day assay, the %RSD values were found to be 0.84, 0.98 and 0.44 for low,
medium and high concentrations, respectively. Analytical recovery of CDD was between 96.9 to
100.2%, suggesting the accuracy of the analytical method. Additionally, the method was robust for
changes in the ratio of mobile phase. Hence, the developed method is suitable for the

determination of CDD for quality control of CDD raw material.
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Snwifade HIV sadeinuifidunsdedldlng vonmnguifivannvanedslénanidnaiuud
fefidnussidiunileivild curcuminoids famhaulafiasiuniesesife Saandufiveily
Uywdazdn [2]

UM 1 Taseadaniaaiivas curcumin

NNITAUATIIUWITENUTY curcuminoids iartiileynfAe i bioavailability A1 Aetiu
NUITeues Wichitnithad W. wagmaug 3wvinsdaasizvasiidulusadnain curcuminoids
A A vy Y . . . o X v .. . = Y
wiandliieliianunwi  wag  bioavailability Ay Ieeld succinic acid @eumeniuans
curcumin MEUSE ester MIgUN 2 Wud1 curcumin diethyl disuccinate dgmslunisau
I3 & o ! . Aaa a
waauzssaldlug  (Caco-2 cell, human colon adenocarcinoma) NANAALAZANIT

curcumin [2]
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2.2 Curcumin dietyl disuccinate

CH O OH CH
O A2 O
o o
CH@/ON i I MOVCHa
O O

5UM 2 Taseadrannaaiivas curcumin diethyl disuccinate

Curcumin diethyl disuccinate  #imauAsadan1siAaUAsen  hydrolysis 11N
curcumin luan1aedild phosphate buffer pH 7.4 gauugil 37°C 1m8 curcumin diethyl
disuccinate fiAAssdin 7.66 Falus vaurdi curcumin fANA3aEAnuRes 0.56 Falus wenand
curcumin diethyl disuccinate §4au1savanuasy curcumin aaﬂmwlﬁLﬁaagiuwaﬂaaj'}maa
Uy FamnIRzAnaInnsEuIuns  enzymatic  hydrolysis  lneteulesl  esterase
Tunanasin [2]

AU curcumin diethyl disuccinate #91ARA1NNI5YIN succinylation V9981 curcumin
FUTEANTAINAUANMUAIAININAIN curcumin waza1usavanaselyn curcumin Uty
wana1vesyudld feliu curcumin diethyl disuccinate Faduansifiannuninaulanaziiun
v I~ ] 4‘ ) % 'y} 1
WL dusn i lduselevnilunissnelsaluauiannaly

2.3 A5Asgsinaedl

199910 curcumin diethyl disuccinate suduanslusifidaasesity vilrnseuniii
AATIAMIUTUIIVY curcumin diethyl disuccinate J9iiliie935 reversed phase HPLC lagla
WIS u  detector  fildwagauanuasiinaziiassiniUinaes  curcumin diethyl
disuccinate 1uwmam'mwé Tnglypoaul Alltech Alltima C18 (4.6 x 150 mm YUINBUNIA
5 p) figaumgiivesnedut] 33°C 148ns1Mslva 2.0 mL/min #5I93AfE UV detector inmie
AR 400 nm USunasvesmsanansusazafady 20 ul szeznanlunisinusazadady 15 undl
fulawndoudidu acetonitrile:2% acetic acid tngld gradient mudnsEu

[ v a /A = @
unAageuazuudoyaniivauves Tassaulfganinusnliusms luadsdyangwa (CUIR)
I 9 an 9 = a S ] Ao o
L“]Ju!;l,ﬂhellﬂll“ﬁellﬂ\iuﬁmi]Tﬂlaﬂiﬂiﬂﬂu‘ﬂﬁiyﬂﬁuwuﬁ%ﬁﬂWWUTINﬂﬂ!ngfNﬂﬂ
The abstract and full text of Senior Project in Chulalongkorn University Intellectual Repository(CUIR)

are the Senior Project authors' files submitted through the faculty.



miwﬁ 1 gradient program

Mobile phase ratio (%v/v)

Time (min)
Acetonitrile 2% Acetic acid
0-4 30 70
4-5 50 50
5-8 50 50
8-9 55 45
9-10 55 45
10 - 11 70 30
11-12 70 30
12 -13 30 70
13-15 30 70

nsldiandeuiinuy gradient Sdeldevansysznns Usznisusnite fianugseinlunis
yAABINNNITIS isocratic Usymsfiaes Wlevhnsmaaesdnsoruluszeznanuuasyinliding
AetuAnnisdeulunndumiad iesndimduveanandoufiinniauisuas vhli
finves analyte Usinglunanfiuandaainiy Fefeseduszezinalummitlinedumibusniou
nsdnansluadedaly  Ussnsgevine  nisldandouiiduiifuiniesdiefiumndratuenavinliid
awgssnlunshluldiuiniesdue Fnidedeimuniinduderiensfionsanluns
Usuasuanmslumsiaseimusinamesans curcumin diethyl disuccinate 8nsiaisnis
fananéliinunsnsaaeunugnieweisinduisndmugndes  wunzay  uazannsa
dlldlunsmusinalaess [3]

innsinsandaderesnisldinandeuiiuuu eradient SaufunanIsmeasswInguisey
fldAmnduaiuntdy  Fahungnsfau B ieseimuiinures curcumin diethyl
disuccinate Ingltinaindouiuuy isocratic Gailtefiae manaasanmsavilsite laigeen uag
Tusenimeaesdasdueunandeuisiinnuiuaziaiosnaonssesnanfivhnsvaaes
LildAamsideullvesiinans idesselvnedudduslussninemsanusazads eazdiuld
msldiandeudiuuy isocratic anunsaudledgymuesnisidnandeusivuu eradient I
98140
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SasdnmandeuniiidonlifinsananiFinseimuiunames curcumin luansaria
Piiuduves Wichitnithad W. wazan wildifunuamslunsimu 3aduds reversed phase
HPLC amasmfﬂumﬁmwﬁﬁa l¥madul Alltech Alltima C18 (4.6 x 150 mm YUIABUNIA
5 1) mammmamaauu 33°C lgomsinislva 2.0 mL/min n3199Ae8 UV detector
finruennau 425 nm Unmsvesmsanansudazadadu 20 uL szeznatlumisanusasads
Hu 15 widt fandeuiiiduuuu isocratic Tneddnanau acetonitrile:2% acetic acid Wity
40:60 v/v WudiAres curcumin Usnginan 14 wndt [4] Wedinnsansauiuitiesgyim
USunew  curcumin  diethyl disuccinate  Tun19mAa9ANLAIRINIAATILALNSNAGDINTIN
Uinaluwanasiuyeddsildnandnasiu

uenniATIeeisdufesdinanseaeunnugnies  Seszuuamnnvessu
muauaunwlugaamnssuendeluinlavdn  Wumsdudunsitelitumsgusuiifmue
Tnofdsdmniuneululsnugramnssy  savidadesienfifentos  Swsdesgnaiugu
paeveadusyuy seliles uazaihiaue ielwinunnuazanudasade Tasianzegnads
TullagtuiinslinnuddyiuauninwasannsgiuanuUaensievewdniusienduegvgs
fnseuaulufungrnewazaInasTIuNsTesiuine  esnuwamunmueEnSusienly
Fulunadedmualunndiu Tunsmuauamnmingivhlssnugnamnssuefilunily
Hadudfsnunmunmiidesdileis FefuAsnsldlunsmuiinaiend woSeesdianu
gnfesmnzay  msfieensnuliiniBiug  denugndesssmnzauvielidusnudestinng
ATIIADUANYNADIVDIITIATIEN

2.4 Method validation

970 USP 36 way ICH Q2(R1) miﬁwmLLasmi’maaummaﬂﬁawaﬁgﬁmiwﬁmﬁﬂ
reversed phase HPLC Lwamﬂ'immmmmmﬂmmm aaLﬂumi’JLﬂiﬁ“‘lﬂu category | m
wuzilinsaaau 5 Wade Ao Aruudy Adiss Az Anududunss wazda
28901539 [5,6]

PInMsAuAiASe Tt TuITeTey curcumln diethyl disuccinate 1‘14’;@1@@11
wuhdslaifinsmemiAieneimuunesasi muuﬂmummmmmuammsmmmmi
i leTeiuagaTdeuALgnFasTeiTin e Ty Tnsauidonssiandy
Usglevsolulunsaunuamunimeesinfiu curcumin diethyl disuccinate f9nan?
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uni 3

52 U8UIINITANTUNISIVY

3.1 d@15uadl

1) Curcumin diethyl disuccinate (98% purity) Ihnnnsduaszifinnaisnemswas
WNduall AnsNduAIans PnaInsalunnInedy Usewelng

2) @3uesg1u Curcumin (100%  purity) IFnanmsdannginnaineisuay
WAl ATLAFYAIENS PNaINTAIINNINeIaY Usewmelng

3) Acetonitrile (HPLC grade) Burdick & Jackson a@n3gaii3nn

4) Methanol (HPLC grade) Burdick & Jackson &#338i3n1

5) Formic acid (Reagent grade) EMSURE in@ln

6) Ultrapure water 310 Elgastat Maxima UF, ELGA 84ngy

7) Vanillin Sigma-Aldrich a@n5gaL3nn

8) Boron oxide Sigma-Aldrich @n3gaiisnn

9) Acetylacetone Fluka @n3gewsnn

10) Tributyl borate Aldrich @vn3geLisnn

11) N-butylamine (Acros, Belgium)

12) Triethylamine Fluka @n3geLwsn

13) Ethyl-d4-chloro-4-oxobutyrate Aldrich @n3gewsn

14) Sodium sulphate

15) Ethyl acetate

16) Chloroform

17) Acetonitrile Honeywell Burdick & Jackson @3g@t3nn

18) Acetic acid Mallinckrodt laswaun

19) Sodium chloride

20) Hydrochloric acid Merck LoaTuil

21) Sodium hydroxide

22) Hydrogen peroxide Merck L9831l
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3.2 150938

1) High Performance Liquid Chromatograph, Shimadzu Usgnausie Pump LC-20AD,
Degasser DGU-20A3, Diode Array Detector SPD-M20A, Autoinjector SIL-20A,
Column Oven CTO-20A waglusunsulszanana Labsolutions Software Ver.5

2) Halo C18 Column, 4.6 x 50 mm, 2.7 y, Advanced Materials Technology, Inc
G RIMERY

3) Analytical Balance, Mettler Toledo iq'u A6245 @INYDITLAUN

4) SevenCompact™ pH/lon Meter, Mettler Toledo Ju S220 @3nigashans

5) Vortex-Genie® 2 Mixer Scientific Industries, Inc. @n3gawsn

3.3 LUIN9IUNISIRY

TunsWauNISANsIATIEH LA¥NIINTIVADUANIUYNABIVBITAATIEIIUTU I
curcumin diethyl disuccinate 15 reversed phase HPLC Usznaumedunaunieg lagdl
SUALLYA AU

3.3.1 N3dUATIEI curcumin wag curcumin diethyl disuccinate
3.3.1.1 N15&3ATIZY curcumin

1) AU boron oxide (0.35 g) acetylacetone (1.1 mL) way ethyl acetate
(10 mL) asluvinfunan weslidriy Tnglanudeuiiaamgil 70°C dhe
magnetic stirrer Wag water bath Junseiainfuansazanefidnznou
dv1tu

2) Wanunaudnlu @y vanillin (3 ¢) tributyl borate (10 mL) wa
ethyl acetate (20 mL) adly wanlsfidhiu Taglimnudeuiigamail 50°C
Feinsdetuiurintunatviausnaunseiaiaduasavansla

3) thagneudumguainviatunauluusnuifuaduniaiunadludeiiaes
UdegliAnmaiufisedelusunseisldasazatsla  Jshwiniunay
9en91n water bath Melifuy

4) U n-butylamine (0.4 mL) wag hydrochloric acid (0.5 N, 10 mL)
ﬂuwaﬂﬁwﬁﬁuﬁ’m magnetic stirrer L JuIa1 30 w9l

5) LenuazaTAT organic ma ethyl acetate (2 X 30 mL) avan organic 7
wenulesni udsminiudnedu oreanic #aeth uay saturated sodium
chloride solution

6) Viluesae sodium sulfate wazthiu organic Wsslnesvinazaigeen
§e rotary evaporator neldAudusn
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7) 11 crude extract AbouanNNANSI8 methanol 1@ curcumin fanwuzidu
NGNGB R

3.3.1.2 N5&ATIER curcumin diethyl disuccinate

1) BN curcumin (0.37 ¢) uag chloroform (15 mL) asluvInnunau
AURENUY ice bath aunseaisldansyansla

2) 1@ triethylamine (0.4 mL) wag ethyl-4-chloro-4-oxobutyrate (0.4 mL)
vufAsededn 1l

3) é’waﬁmamé’aaﬁw ey saturated sodium chloride solution

4) Miliiene sodium sulfate wagiharswanlussiesivinazagesne
rotary evaporator m&ﬂéfm’mﬁuﬁ’]

5) 41 crude extract fldunnudndae methanol I¢ curcumin diethyl
disuccinate flanwugiduveddindns

332 mﬁL@'%&mmiazmammgmsuaa curcumin diethyl disuccinate g curcumin

3.3.2.1 NSLM38Y standard stock solution ¥4 curcumin diethyl disuccinate

WaE curcumin
1) M9w38y standard stock solution 1 984 curcumin diethyl disuccinate

Gi‘j"ﬂmimmgm curcumin diethyl disuccinate (98% purity)
1 mg azangly methanol WHiU3ams 1000 uL masdduiiedetu
wldansazansunnsgIuiidl curcumin diethyl disuccinate Tuamuidudu
1 mg/mL

2) N15W38EN standard stock solution 2 984 curcumin diethyl disuccinate

UiUs standard stock solution 1 W89 curcumin diethyl
disuccinate 100 pL t39219lu methanol %EUSums 1000 pL waulidu
dedieatu agldansavaneanasguiil curcumin diethyl disuccinate
Tupaudy 100 pg/ml

3) NSMseY standard stock solution 1 U89 curcumin

F9e150195511  curcumin (100%  purity) 1 mg avanely
methanol T9iflUsues 1000 pL weslidudlloentu aglaansazaney
WMIFIUNE curcumin Tuaadudu 1 mg/mL
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4) NSy standard stock solution 2 U89 curcumin

YtUn standard stock solution 1 w89 curcumin 100 pL 139379
Tu methanol Tilausuns 1000 pL waulmdwiloieniy aglaasazane
1M5gIUNH curcumin Tuarududy 100 pg/mL

3322 ﬂ’]’iL(ﬂ%EJllﬁ'ﬁﬁ%ﬁ’]EJlI’]mﬁiﬂﬂNﬁ@Jﬁ?ﬁ%‘U@i?ﬁ]ﬁ@Uﬂ’mmLM@J’]S%@J”UEN’i%‘U‘U

UiUs standard stock solution 2 989 curcumin diethyl disuccinate
60 pL way standard stock solution 2 w89 curcumin 7 pL 138319l
methanol  1¥iUsinas 1000 ul wenlhdudedeontu avldansazane
AT UNALTE curcumin diethyl disuccinate Tuanandudu 6 pe/mL uag
curcumin TuAMALINTY 0.7 pg/mL

3.3.2.3 MIFRUUANTATANEUINTFIUAMTUATINABUAUTUNIZLNZAN
1) MIHFLUAITALANNINTFIUYOL curcumin diethyl disuccinate

UiUs standard stock solution 2 W89 curcumin diethyl
disuccinate 60 L 13097411 methanol TTUSums 1000 pL waulrdu
dedieaty agldansavaneanasguiil curcumin diethyl disuccinate
Tuaudy 6 pg/ml

2) ﬂ’]iLG]%EJlIﬁ’]iﬁSﬁ']EJlI’]Gﬁi'TLl“UEN curcumin

UUn standard stock solution 2 w89 curcumin 7 pL 139979lu
methanol T9iflUSues 1000 pL weslidudlleentu aglaansazaney
1IR3FIUNL curcumin TuAuNTY 0.7 pg/mL

3) ﬂ’ﬁLW%‘EJELIa’]ﬁaBﬁ’WEJ%J’W]?E’]‘NNE‘W

UiUs standard stock solution 2 W84 curcumin diethyl
disuccinate 60 pL Wag standard stock solution 2 w83 curcumin
7 ol Beansly methanol 19iUsums 1000 pl wenliiduiiedeaiu
%ié’miazmsmmigmmauﬁﬁ curcumin diethyl disuccinate
TuaMautu 6 pg/mL way curcumin TUANLUNTY 0.7 pg/mL
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3.3.2.4 MIPREUANTALANENINIFIUAMTUNTIRERUANNFUTUSITLA UL
YIANULUTY

UiUs standard stock solution 2 989 curcumin diethyl disuccinate
20, 40, 60, 80 wag 100 pL 138919l methanol TlaUsunsusazsumniu
1000 pL wasllsifuilaieatu awlfasazansunnsg i curcumin diethyl
disuccinate TuAMULNTU 2, 4, 6, 8 Way 10 pg/mL AUEIAY

3.3.2.5 MSWRLUATAZAILNIATT LA MTUNTINADUAILILLAL AT
UiUs standard stock solution 2 989 curcumin diethyl disuccinate
20, 60 WAz 100 pL 139319 methanol TialauSunmsusazsdwyindu 1000 pL
wanlifuidodienty  egldansazaroninsgudil  curcumin diethyl
disuccinate TuAadudu 2, 6 way 10 pg/mL MuaRy

3.3.2.6 m%m’%wmsazmEJmmsgmﬁm%’Ummaaummmwu

Yin standard stock solution 2 484 curcumin diethyl disuccinate
60 uL 139915lu methanol 1%EUSas 1000 ul weslshduiomentu ozl
A308a8MIEAN  curcumin diethyl  disuccinate  Tupanuidud
6 pg/mL

3.3.3 MsiaIang HPLC Mwuigaulunisiiasigsiviuiuna curcumin diethyl
disuccinate Tuingau

WU WATIZALAEN1T9 HPLC chromatographic condition #lsnga
Feanu13avUIuaL curcumin diethyl disuccinate ludngauld fadl

Anansagatuu1nsgIu curcumin diethyl disuccinate 20 pl 9913 3-6 A3
WLAT09 HPLC nelian1izuadn3adnadl

ABALL : Halo C18, 4.6 x 50 mm, WU1ABLAIA 2.7 |,
Advanced Materials Technology, Inc. aw%’gmaﬁm

gaumgivespedul 33°C

iaLadoud : acetonitrile:2% acetic acid (72:28 v/v)

gmsnsiva : 1.0 mL/min

Lﬂ%‘laqm’m’?@ : diode array detector, 400 nm

USunasdian : 20 uL

szezlialunisan : 15 Uil
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Judinlasunlownsy  Teglalusinsudszananamamnsdineisnige  Laun
retention time peak area resolution tailing factor capacity factor

ey number of theoretical plates

3.3.4 MIATIIABUANINYNABIVDIITHATILVIMUTUI  curcumin  diethyl  disuccinate
luinghiv

Aowswinnsvegeunness  AIsUdeglviawndouiinuneduliayssuurad
wiowsvana  30-60 wil  welvimeduududilumeandioun  lnedunnain
baseline #lsazAaudnazau

3.3.4.1 ANMHUMUITEUVDITEUY

aﬂa’liazmammgmmauﬁﬁ curcumin diethyl disuccinate Tupiu
WUTU 6 pg/mL way curcumin TUANMUNTY 0.7 pg/mL A3ee HPLC
Juiinlasunlaunsy gl 5 A58 WA imese1ee laun retention time

peak area resolution tailing factor wag number of theoretical plates
3.3.4.2 AMUIWNIZLIIES

1) nansagaleu1nsgIu  curcumin  diethyl  disuccinate  AULUNTY
6 pe/mL Wuades HPLC Tuiinlasunlaunsy ven 3 ads memnsimes
A9 TALA retention time Wway peak area

2) dnansagangansgIU curcumin AMMALTY 0.7 pg/mL LiATes HPLC
Sufinlasulaunsy e 3 ede  wdwnsdmedsneg oA
retention time Way peak area

3) AnansazaneuInsgIuRaNTiEl  curcumin diethyl disuccinate  luaa
i 6 pe/ml wag curcumin Tumudiud 0.7 pe/mL Wua3es HPLC
Juiinlasulownsy g1 3 eSt wensleesin LA
retention time Way peak area Lﬁauﬁumﬁasmammgm curcumin
diethyl disuccinate AMUUNTY 6 pg/mL  udzANITaLaYUINTTIU
curcumin AMULUNUY 0.7 pg/mL
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3.3.4.3 ANUAUNUSITUAULALYIANUTUTUA LG LUNTIATIZI

AnaNsagauuInsgIU curcumin diethyl disuccinate ANLTNTY 2, 4,
6, 8 way 10 ug/mlL MU 1WASes HPLC Tngansnanududuay 3 ade
Tufinlasulaunsy thaiedeves peak area Tuusazanududunmnaunis
LEPIAUFUT LS BN UTENINNANNTNTUYDIENTAZAIBLINIEIU  curcumin
diethyl disuccinate iU peak area wiauA1 correlation coefficient (r)
waztanduduiisindiruduiusidadu

3.3.0.0 ANUBLULAEAIULNE

AnansagauuInsgIu curcumin diethyl disuccinate AIMLTNTY 2, 6
war 10 pg/ml auddu Wuedes HPLC Taednsnaududuay 3 ade
Juiinlasuilawnsy U1 peak area UIAIUIMIAMULTNTUYIOY curcumin
diethyl disuccinate Tuansazans  legldaunisiwansmnuduiudidady
FTWINAMUIUTUVDL curcumin diethyl disuccinate iU peak area

1) auushuneluiufenty - vhan 6 adt aglutudentu s
%recovery TunnALLTNTY

2) amsiuseTuity - ¥ 3 Su fuamn %recovery TunnAnududy

3) arniissnielutufenty - Vi1 6 ast anelufudentu A
%RSD TuvnALLTNTy

4) arandlsssneuit - ¥ 3 u dwanmn %RSD Tunnenadudy

3.3.4.5 ANUAINU

AnansavatsuInIgIu  curcumin  diethyl disuccinate ALY
6 pg/mL Wuedes HPLC Tneususamdmeunandeuiisnsluainaniig
Unfiweaadas HPLC Ao acetonitrile:2% acetic acid 910 72:28 19y 64:36,
66:34, 68:32, 69:31, 70:30, 72:28, 74:26, 76:24, 78:22 laz 80:20 MUY
Sufinlasulaunsy vhen 3 addluusazdnsdiu memsilmessnee iud

retention time resolution tailing factor wag capacity factor
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NAN15798

4.1 NMSWAILIENTE HPLC Mwinnzaulunisitasizinidsunad curcumin diethyl
disuccinate Tuingau

PnMsAuAATERIiReTes AT Tz Usinames curcumin diethyl
disuccinate  iflpsannanssenariduansduaseiing Soudiesds HPLC Teeld  UV-VIS
Ju detector  Turddaiontumuassvnanives curcumin uas  curcumin  diethyl
disuccinate wagnsAnwINIsUanUdosves curcumin diethyl disuccinate lumanaaiuywe
wihi uiegndlsAmuaneiddeinadufamnsathunduuasussandldlunsinuidels Sy
mASeiznedeumuanniina i lneldmandouiiuuy eradient

dlosndedavesnsldmaniousiuuu eradient finaniundediu Seilnilossiaunis
pswimlina fenhtedemaniinfionsanlunsuduasuannylunmsiesieirusin
83@13 curcumin diethyl disuccinate #e Snaisnsinandslidiiunisnsieaeuinduiss
AugNEeY wtnzaw wazanunsalUldlunismusinalaes

dlethdedevesnisldimamdousinuy eradient Saufunanisveassaina3deiiladne
AuAdINiT FadmngnisianitliasieriviUIinaues curcumin diethyl disuccinate
Tngldinapdeuiinuy isocratic Faiderfianunsautlotymvesnsldinaindeudiuuy gradient
1§ fosewinmeas baseline azdrmuilsuaziadosnasnszoznandivhnisveass 3udendiay
WMUIDWATIEIMUSUUBS curcumin diethyl disuccinate Tneldiadoudiuuy isocratic
Fafildnann

ShsrdumlandeuiindenldfiansanainisinszimuSinamwes curcumin Tuansadn
giiuduves Wichitnithad W. wazans snldidunumdunsiamn Tnedildnsvresnuives
curcumin Wuwdn ilesann  curcumin Wuansdedulunisdaunsiei curcumin diethyl
disuccinate uanNEANNUATES MU curcumin diethyl disuccinate @nsnsaganamLindy
curcumin ¢ fsudsenadl curcumin Yuidiousglutngiv

Fihareimuiunalunidedefuduld reversed phase HPLC anmiedildluns
Ansesine Tinedi Alltech Alltima C18 (4.6 x 150 mm vuIMeLAA 5 1) Agamnives
podund 33°C MWdnsnisina 2.0 mU/min a593asie UV detector fiaueniadu 425 nm
USinasveanisanansusazadadiy 20 pl svevnailunisdeudavadadu 15 undl fwlandeud
Wuwuu isocratic Ieeildnsndiu acetonitrile:2% acetic acid widu 40:60 WUINRAUDY

curcumin - YSWANIAN < 14 Wi b uﬁaﬁmiwf’amﬁumfmaa MUAIAINIALVD
unAAgalaz NN an D UALYR 1AT LIS YANUNUTN DTN TuAaayy 19 (CUIR)
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curcumin uaz curcumin diethyl disuccinate safildnanafaunuds Feinisususnsdiu
acetonitrile:2 % acetic Acid TillanumunganlunsiasgimUsuna curcumin diethyl
disuccinate Tneifisdnanuas acetonitrile Wial curcumin gnugaanuidadu @ curcumin
diethyl disuccinate flazgnuzesnunlunanivnza iduarliifuiuly aufnnsdeuiui
WAYDY curcumin WU retention time W89 curcumin Useaned 1.8 U Lag retention time
w99 curcumin diethyl disuccinate Uszanad 13 w1l ﬁ?ummsmwﬂms 2 swenaniula
falasunlaungy JUR 3

JUT 3 TAsunlaunIuveeansasanguInsgIuNausl

curcumin diethyl disuccinate Wag curcumin

[

A v v X
annziiaunlatdusadl

GRLH : Halo C18, 4.6 x 50 mm, YWABUNA 2.7 |,
Advanced Materials Technology, Inc. 81301

gauniivesnedull : 33°C

iapdeud : Acetonitrile:2% Acetic Acid (72:28 v/v)

gnsnsina : 1.0 mL/min

Lﬂ‘%laﬂmaﬁﬂ : Diode Array Detector, 400 nm

U311msiian : 20 pL

szezaluNITan 15 w9l
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4.2 N1IATIAFIUANNYNADIVDIIFTAATIZANIUTUIM curcumin diethyl disuccinate
luinghu

4.2.1 Wnauntunsenau [7]

1) %RSD (n=5) ¥B4 peak area curcumin diethyl disuccinate < 1

2)  %RSD (n=5) U84 retention time VA curcumin diethyl disuccinate < 1
3) resolution 33Miﬁﬂﬂﬂﬂmmiﬁ@§:§®ﬁu curcumin diethyl disuccinate > 2

4) tailing factor e9fiA curcumin diethyl disuccinate < 2

5) capacity factor ¥asiia curcumin diethyl disuccinate agluyas 2-20

6) number of theoretical plates ¥9fiA curcumin diethyl disuccinate > 2,000
7)  9%RSD (n=3) 984 peak area curcumin diethyl disuccinate < 2

8) 9%RSD (n=3) U84 retention time w9NA curcumin diethyl disuccinate < 2
9)  %RSD (n=3) ¥84 peak area curcumin < 2

10) %RSD (n=3) ¥04 retention time V4% curcumin < 2
11) %recovery @3¢ curcumin diethyl disuccinate usiagAatNTURg U
95-105%

12) correlation coefficient (r) 994 calibration curve = 0.9995
4.2.2 ANURUILENVDITEUU

ATIVABUAUMILANVDITEUY  LoRRa5asanelInIgIuNaudil  curcumin
diethyl disuccinate AMUNTY 6 pg/mL Wag curcumin AMMLINTY  pg/mL
WWASY HPLC vNAsiAsiest 4 T4 Juaz 5 A9 leAWRAsUed retention time

peak area resolution tailing factor tag number of theoretical plates Fap151971 2
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A1519%1 2 ANNUITANVDITEUU

Mean (%RSD) n=5

Number of
Day Retention
. . Peak area  Resolution Tailing factor  theoretical
time (min)
plates
1585418.2
Day 1 12.89 (0.26) 0.67) 3.95 (2.50) 1.063 (0.29)  7460.24 (0.40)
1561222.6
Day 2 12.86 (0.11) (0.55) 4.63 (0.78) 1.054 (0.26)  9379.43 (0.08)
1607783.8
Day 3 12.83 (0.02) (0.45) 4.33 (1.03) 1.058 (0.18)  8372.60 (0.18)
1586296.6
Day 4 12.95 (0.05) (0.55) 4.24 (1.21) 1.050 (0.28)  8104.86 (1.72)

4.2.3 ANUTUNIZLANEA

ATIVFDUANUTUNIZLANE D

lneRnaNTaragUInIIu

¥h0n  lawn

d1398818UIMIFIUYDY  curcumin  diethyl disuccinate  AMLTNTY 6 pg/ml

A1388AN8UINIFIY curcumin AIUTNTY 0.7 pg/ml Uaga1TaaIeNInIFIUNaUNIl

curcumin diethyl disuccinate AMUUNTU 6 ug/mL WAy curcumin AULTNTY

0.7 pg/mL 1ATes HPLC yhnsiasevilnas 3 ASe lalasunlaunsudssun 4, 5

uay 6 laA1LaALUDY retention time wag peak area MIN13199 3

g‘dﬁ 4 Iﬂ'a'&l’ﬂﬁLLﬂ'a'wumm'a'a::a'lﬂmﬁl'ig'm curcumin diethyl disuccinate 6 ug/mL
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5UM 5 TAsunlaunsuvaeansazaeuInsgy curcumin 0.7 pug/ml

5UM 6 TAsunlaunsuYeeanTasaneuInIgIUNaunsl

curcumin diethyl disuccinate 6 pg/mL wag curcumin 0.7 pg/mL

A15719% 3 m’mf&']waztmzawaamiazmammgwu curcumin LaZE1IaTaIgUINIZTIU

curcumin diethyl disuccinate

19

Standard CDD spiked

Mean (%RSD) Standard Standard .
) Standard Curcumin
n=3 Curcumin CDD
CDD Curcumin
160045.7 1617608.3 1604210.3 160637.0
Peak area
(0.13) (1.67) (0.23) (0.51)

Retention time
(min) 1.85 (0.30) 12.95 (0.08) 12.96 (0.05) 1.84 (0.27)
min
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dovhnsieudeulasulaunsuvesensie 3 vin  waadidiuiiiaves
curcumin lsunaufisumilaiieniu curcumin diethyl disuccinate yanniilew
Auillifinves  curcumin  diethyl  disuccinate  luansaganannsgILYes
curcumin diethyl disuccinate ALULTU 6 pg/mL uSsuieuiuituildfiaves
curcumin diethyl disuccinate Iua’liaza’lﬂmmgmwauﬁﬁ curcumin  diethyl
disuccinate AIMUNTU 6 pg/mL WAy curcumin ANUANTY 0.7 pg/mL lagld
ANOVA wudituilléfiaves curcumin diethyl disuccinate 91nansazaTEuInTgIY
Waoshifmnuunanssiueghditeddymeada (0=0.05) uwazdlotheuildinves
curcumin TWAIALANLNINTFIUYDL curcumin APULTNTY 0.7 pg/mL W UTeuLigy
fuiuildfieves  curcumin luansezaneunsguRaNAl  curcumin diethyl
disuccinate ALY 6 pg/mL Wag curcumin ALY 0.7 pg/mL lagld
ANOVA wuihiiuiiléiaves curcumin a1nansazanaanmsgiisaeslsifanuuanes
AuogNNYEAYN9ads (p=0.05)

v W A ¥ 1 Y v ol a L4
4.2.4 aNuduRusFLduLasyenNUNtunltlunsIAs L

ATVADUANUANNUSITUAUTENINY  peak area  AUANUITNTUTOIETAZAY
UINIFIUVEY curcumin diethyl disuccinate lng@nansazangdInggIuves curcumin
diethyl disuccinate pududu 2, 4, 6, 8 uway 10 pg/mL WA3es HPLC ¥n1s
Anszimimudiduay 3 ad lGAuedoves peak area fuwnsedl 4 warld

calibration curve ¢lagu#i 7

A15197 4 mmé’uﬁusﬁ%aLe’i’waemsazmﬂmmgﬂu curcumin diethyl disuccinate

Mean Concentrations (ug/mL)
(%RSD) 1.97 3.93 5.90 7.86 9.83
n=3
Peak area 501800.0 1072961.3 1610353.3 2136020.0 2664128.3
(1.14) (1.08) (0.20) (1.06) (0.12)
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x 10°

30
25 1] y = 274072x - 19262
20 4 r=0.9999

Peak area
[N
(]
1

10

O T T T T T 1
0 2 4 6 8 10 12
Concentrations (ug/mL)

JUN 7 AudunRusIEndng peak area fuAMaduduYaETATABNINTFIU

curcumin diethyl disuccinate

4.2.5 AIULLULAYAIULAL
4.2.5.1 ANuULiukazANUesneluIumeiu

ASIVEOUANL LI ULAZ AT B0 SIS lnednasazane
UIMNIFIUVBY curcumin diethyl disuccinate AULUNTY 2, 6 ey 10 pg/mL
duedes  HPLC  vhmsheseisieudaduas 6 ads 18 %RSD
Way Y%recovery §an151971 5

4.2.5.2 ANUBUULALAUNEIR19TUAY

AsIEIUALLLLLAZANTIB IR ATz lnednasazans
1IMIF1UY84 curcumin diethyl disuccinate AMTNTY 2, 6 kag 10 ug/mL
Fupdes HPLC shnsiesgisimududuas 3 ade Junan 3 Sy
16 9%RSD waz %recovery fim5197 5
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M15197 5 AUKAULEZAMNTEINIETUTUANINW/ATUAUYRIATasaENIN I
curcumin diethyl disuccinate

Theoretical Measured
Concentrations Concentrations %RSD %Recovery
(ug/mL) (ug/mL)

1.97 1.91 1.05 96.90
Intra-day

5.90 591 0.61 100.20

(n=6)

9.83 9.70 0.48 98.65

1.97 1.91 0.84 97.05
Inter-day

5.90 5.89 0.98 99.83

3 days (n=9)
9.83 9.74 0.44 99.07

4.2.6 ANUAINY

ATIVABUAIUAINUTDNTIATILN IneRAaNTasaslInggIu curcumin diethyl
disuccinate AMududu 6 ug/mL Wefimswdsusndruvesawdoudisalian
amazﬂﬂa‘umlﬁ%q HPLC @8 acetonitrile:2% acetic acid 910 72:28 1Ju 64:36,
66:34, 68:32, 69:31, 70:30, 72:28, 74:26, 76:24, 78:22 Lag 80:20 m1US1AU
et HPLC shmsiasiziensasiduay 3 A% nuiilusasdiuveaandoui
acetonitrile:2% acetic acid 70:30, 72:28, 74:26, 76:24, 78:22 waz 80:20 Lvhii'uﬁ
Kunausilunssinau Teaadevea retention time resolution tailing factor wa
capacity factor Fap57971 6

A1599 6 AUAINUVINETALAIUINTFIU curcumin diethyl disuccinate
Mean (%RSD) n=3

Acetonitrile:

2% Acetic acid Retention ) Tailing Capacity
(v/v) time (min) Resolution factor factor
70:30 17.85(0.07)  5.00(0.56)  1.036 (0.15)  19.31 (1.09)
72:28 12.84 (0.08)  4.47(0.45)  1.053(0.20) 1297 (1.46)
74:26 9.63 (0.05) 4.00 (0.75)  1.088(0.19)  9.56 (1.10)
76:24 7.32(0.08) 3.35(0.76)  1.131(0.27)  7.01(1.44)
78:22 5.65(0.10) 2.69 (0.21) 1.181(0.27) 5.11(1.34)
80:20 4.47(0.14) 2.05(0.29) 1.240(0.12)  3.82(1.38)
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A3UNAN338 2AUTIENA LazUalauaLuL

5.1 NMSWAUIEN1E HPLC fiwinnzanlun1sitasnziniusuna curcumin diethyl
disuccinate Tudngfu

nszuURuTaesimMstRuIsinszives curcumin Tuansarmuiiudures
Wichitnithad W. wazamy 9lddnaiuues acetonitrile:2% acetic acid WuU isocratic 91 40:60
wiilothszuuiuninsedt wuinfiewes curcumin senduiuly de 14 wndl wesiilefansan
SufunATaioatumuasimanives curcumin wag curcumin diethyl disuccinate
wazn1sAnyINsUanUaaevas curcumin diethyl disuccinate Tunanasuyed Imaaeddaeusu
Lﬁué’md’;uﬁum acetonitrile 91A3% isocratic wd\llafl,ﬁ curcumin Qﬂ%aaﬂmﬁ?%u Lﬁ'amaaw%“u
anmemsiezt  auldan1sfiid retention time @83 curcumin Uszanas 1.8 wail
Wag retention time W89 curcumin diethyl disuccinate Usganad 13 w19 ﬁummamwﬂmi
2 @7 eanannula

5.2 N1IATIHBUANYNABIVRIITIATILNIUINIA curcumin diethyl disuccinate Tu
elIbEY

INNIATIVABUANUYNABIVBNITUATILVIIUTUIN  curcumin  diethyl  disuccinate
10833 reversed phase HPLC neldfanizveasdasdsfildnanundrsiy Wvinisnsaaeuly
Pt AMUIANZENTEITYUY ANSINZIANEY AnuduRuSBadunar e duduitlaly
ARSI ALY AALTIBY wazAUAITI

5.2.1 ANMHUMUZAUVDITEUU

%RSD ¥eY retention time War peak area ogludw  0.02-0.67
resolution  egluyie  3.954.63 tailing factor eglurie  1.050-1.063
lag number of theoretical plates agﬂuﬂhﬂ 7460-9379

5.2.2 AMUINNIZLAIL

laifiieues  curcumin - sunmulusmuriafediuiiaves  curcumin  diethyl
disuccinate %RSD 98¢ peak area ¥4 curcumin 8gluyie 0.13-0.51 Uarves
curcumin diethyl disuccinate ’e)gﬂusthﬂ 0.23-1.67 %RSD %83 retention time U84
curcumin 8glu¥ae 0.27-0.30 WArUed curcumin diethyl disuccinate aglutie
0.05-0.08
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5.2.3 ANUAUNUSITUAULALYIAMUTUTY

BUAMINTUYBS  curcumin  diethyl  disuccinate  AllUNTIATIZYRAD
2-10 pg/mL AlanuduiusvesnnududuiuAnsnevausadudunss Tnglaa

coefficient of determination (r) ¥84 calibration curve 0.9999
5.2.4 A ULslLLAYALLTIB

191 %recovery wag %RSD anelufwdediu agluyie 96.90-100.20 wax
0.48-1.05 Mua19u LAA %recovery uaz %RSD seiuiu agluyie 97.05-99.83
Wy 0.44-0.98 ANMIEAY

5.2.5 AnuAINU

Sefinswasusnidveunandouiisnsluanannzunfveasies HPLC o
acetonitrile:2% acetic acid 970 72:28 Ju 70:30, 72:28, 74:26, 716:24, 78:22 wag
80:20 @wEdu 9 %RSD ¥ee retention time agluyiy  0.05-0.14
resolution  aglus 2.05-5.00 tailing factor ®glurie  1.036-1.240
wag capacity factor aglutas 3.82-19.31

5.3 UBLAUDLUY

89910 curcumin diethyl disuccinate f1thunldlunisimunaniie HPLC Wuansila
NnsdueTeiluiesufiinig Iskimnsaulunsiilviesgimdsuamnin Wewinen
flansUulousgunn (maaeulaems@ain HPLC iea %purity) vilvikanIsnaaeuinAdy

a PR v & & o _ada ¢ Y] ] . .
pamAadaulaUne daumsUssendinitieseiilldld adsldans  curcumin diethyl
disuccinate il %purity @1 usnanilnTesdioNdmanonmnIMYeINITIAIZANAITETUNTS
douisuegvaiave Welilinioevilinansiasginianainafouly
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AMANUIN N
AMULRUTEHUVDITISUY

UN 1
A1519%1 1 ANANITAUVDITEUU

Parameters
Retention . Number of
Tube . . Tailing .
time Peak area  Resolution theoretical
factor
(min) plates
1 12.83 1576266 3.82 1.067 7504.00
2 12.91 1579493 3.98 1.065 7470.05
3 12.88 1580984 4.00 1.064 7432.58
4 12.89 1603126 4.07 1.062 7462.28
5 12.92 1587222 3.88 1.059 7432.28
Mean 12.89 1585418.2 3.95 1.063 7460.24
SD 0.03 10669.5 0.10 0.003 29.84
%RSD 0.26 0.67 2.50 0.29 0.40
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The abstract and full text of Senior Project in Chulalongkorn University Intellectual Repository(CUIR)

are the Senior Project authors' files submitted through the faculty.
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5UN 1 1asanlainsuveeasazanguInsgIuHaund
CDD 6 pg/mL wag curcumin 0.7 pg/mL 1u# 1

5Uf 2 TasanlaunsuvesansazaneunsgIuNaudil
CDD 6 pg/mL wag curcumin 0.7 pug/mL Ludi 2

JUT 3 TasunlaunsuveeansasaneuInsgIuNaunsl
CDD 6 pg/mL wag curcumin 0.7 pg/mL \udi 3
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The abstract and full text of Senior Project in Chulalongkorn University Intellectual Repository(CUIR)

are the Senior Project authors' files submitted through the faculty.
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UM 4 1asanlainsuveeasazanguInsgIUHaUnd
CDD 6 pg/mL wag curcumin 0.7 ug/mL LI 4

5UM 5 1asanlansuveeasazangnInsgIuHaund
CDD 6 pg/mL uag curcumin 0.7 pg/mL \udi 5
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JUN 2

A1519%1 2 ANLNUITAUVDITZUU

Parameters
Retention . Number of
Tube . . Tailing .
time Peak area  Resolution theoretical
factor
(min) plates
1 12.85 1574416 4.61 1.054 9370.22
2 12.84 1564952 4.62 1.059 9376.85
3 12.87 1556842 4.59 1.053 9381.35
4 12.88 1556860 4.68 1.052 9390.72
5 12.85 1553043 4.66 1.054 9378.03
Mean 12.86 1561222.6 4.63 1.054 9379.43
SD 0.01 8560.1 0.04 0.003 7.49
%RSD 0.11 0.55 0.78 0.26 0.08
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The abstract and full text of Senior Project in Chulalongkorn University Intellectual Repository(CUIR)

are the Senior Project authors' files submitted through the faculty.



5UN 6 1AunlALNIUVRIETALANENINTFIUHENN
CDD 6 pg/mL uag curcumin 0.7 pg/mL 1Tuil 1

UM 7 1asunlansuveeansazanguns g IuHa U
CDD 6 pg/mL wag curcumin 0.7 pug/mL Ludi 2

JUT 8 TasunlaunsuveeansasaneuInTgIUNaNll
CDD 6 pg/mL @ curcumin 0.7 pg/mL Wil 3
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The abstract and full text of Senior Project in Chulalongkorn University Intellectual Repository(CUIR)

are the Senior Project authors' files submitted through the faculty.
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5UM 9 1AsunlalnIuveeasazangNInTFIUHENNE
CDD 6 pg/mL wag curcumin 0.7 ug/mL L 4

Ui 10 Tasunlnunsuv8eaNsazaNenAIgIUNELIL
CDD 6 pg/mL uag curcumin 0.7 pg/mL \Iud 5
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are the Senior Project authors' files submitted through the faculty.
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Ui 3
A1519% 3 ANLNUITAUVDITZUU

Parameters
Retention . Number of
Tube Tailing
time Peak area  Resolution theoretical
factor
(min) plates
1 12.83 1617255 4.37 1.057 8370.42
2 12.82 1609468 4.37 1.059 8353.74
3 12.83 1606462 4.35 1.056 8383.87
4 12.83 1608602 4.30 1.058 8390.52
5 12.83 1597132 4.27 1.061 8364.43
Mean 12.83 1607783.8 4.33 1.058 8372.60
SD 0.003 7218.3 0.04 0.002 14.80
%RSD 0.02 0.45 1.03 0.18 0.18
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The abstract and full text of Senior Project in Chulalongkorn University Intellectual Repository(CUIR)

are the Senior Project authors' files submitted through the faculty.



U 11 TasunlaunsuvesaNsazatennsgIUNELia
CDD 6 pg/mL wag curcumin 0.7 pg/mL 147 1

UM 12 1asunlaunsava9esasagunnsgIunaund
CDD 6 pg/mL wag curcumin 0.7 pug/mL Ludi 2

Ui 13 TasunlAunsuv89aNsazaNeuAsgIUNELL
CDD 6 pg/mL wag curcumin 0.7 pg/mL WDudi 3
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The abstract and full text of Senior Project in Chulalongkorn University Intellectual Repository(CUIR)

are the Senior Project authors' files submitted through the faculty.
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Ui 14 TasunlAunsu89a1TazANeNAITgIUNFLIL
CDD 6 pg/mL wag curcumin 0.7 pug/mL LIudi 4

U 15 Tasunlunsuv89a15azaNeAIgIUNELIL
CDD 6 pg/mL wag curcumin 0.7 pg/mL \udi 5
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A1519%1 4 ANNUITAUVDITZUU

Parameters
Retention . Number of
Tube . . Tailing .
time Peak area  Resolution theoretical
factor
(min) plates
1 12.96 1601043 4.16 1.053 8029.94
2 12.96 1586541 4.26 1.050 8353.74
3 12.96 1579262 4.27 1.050 8064.44
4 12.95 1580484 4.29 1.051 8036.73
5 12.95 1584153 4.24 1.045 8039.44
Mean 12.95 1586296.6 4.24 1.050 8104.86
SD 0.01 8737.6 0.05 0.003 139.74
%RSD 0.05 0.55 1.21 0.28 1.72
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are the Senior Project authors' files submitted through the faculty.



Ui 16 TasunlAunsu8ENTAZANENATFIUNFLTL
CDD 6 pg/mL wag curcumin 0.7 pg/mL 147 1

Ul 17 TasunlnunsuvesansazateunnsgIuNEuila
CDD 6 pg/mL uag curcumin 0.7 pg/mL 1Uu#l 2

5UT 18 1asunlAuNaY8985asaguIATFIUNENNA
CDD 6 pg/mL tag curcumin 0.7 pg/mL \udi 3
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Ui 19 TasunTAunsu89ENTAZANENATFIUNFLTIL
CDD 6 pg/mL wag curcumin 0.7 pug/mL LIudi 4

Ui 20 TAsunlAunsuv89EN5AZANENAIEIUNELTIL
CDD 6 pg/mL wag curcumin 0.7 pg/mL \udi 5
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ANANUIN U
AU UNIZLANZAY

A15719% 5 ﬂ’J’]SJ’S’]LW’]ZLQ’]%QQ%BQﬁ’ﬁaZﬁﬂ&lﬁl’]ﬁiﬂﬂu curcumin LaZE1IaCagUINIZTU CDD

#13 Tube Peak area Retention time (min)
1 159837 1.85
2 160063 1.84
Standard 3 160237 1.85
Curcumin Mean 160045.7 1.85
SD 200.6 0.01
%RSD 0.13 0.30
1 1616394 12.96
2 1645287 12.94
Standard 3 1591144 12.94
CDD Mean 1617608.3 12.95
SD 27091.9 0.01
%RSD 1.67 0.08
1 160044 1.83
2 160286 1.84
Curcumin 3 161581 1.84
Mean 160637.0 1.84
Standard SD 826.4 0.01
CDD spiked %RSD 0.51 0.27
Standard 1 1602422 12.95
Curcumin 2 1601765 12.96
oD 3 1608444 12.96
Mean 1604210.3 12.96
SD 3681.15 0.01
%RSD 0.23 0.05
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JUT 21 TS TALNIAYBIAITALABNIATFIY curcumin 0.7 pg/mL Wl 1

JUN 22 TasunlaunsavasansazaeuInsgIu curcumin 0.7 pg/ml wWud 2

JUT 23 TasunlunsuvasansazaeunnsgIy curcumin 0.7 ug/mL Wadl 3

[ v a /A = @
unAageuazuudoyaniivauves Tassaulfganinusnliusms luadsdyangwa (CUIR)
I Y aa Y a I 1 ] Ao o
!ﬂullﬂuﬂl@yﬁﬂlﬂﬂuﬁ@!ft]15116\‘]Iﬂi\‘]\‘]1Uﬂ‘§ilulﬂuﬂu‘1/\lu‘ﬁ1/lﬁ\‘]W1u1/n\1ﬂi1!$1/l’€’f\‘]ﬂﬂ
The abstract and full text of Senior Project in Chulalongkorn University Intellectual Repository(CUIR)
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Ui 24 TasunTAunsuv89aN5AZANEIATEIL COD 6 pg/ml 1Tufl 1

gﬂﬁ 25 TAsUlAuNTNVDIATLAUINTFIU CDD 6 pg/mL Wil 2

5UTl 26 TasanlaunsuvuasansazatsuInsgIy COD 6 pg/ml 1udl 3
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Ui 27 TasunlAunsuveeaNTazaNe A IUNELIL
CDD 6 pg/mL wag curcumin 0.7 pg/mL 147 1

Ui 28 TAsunTAuNsuYBIENTAZANENAITFIUNELTIL
CDD 6 pg/mL uag curcumin 0.7 pg/mL 1Uu#l 2

JUT 29 AU lALNTHIY89ENTAL AN TFIUNENNA
CDD 6 pg/mL wag curcumin 0.7 pg/mL W9 3
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M13199 6 AUENNUSITUTUYRIEITAZAIBUINTFIU CDD

Peak area
Tube Conc. 1.97 Conc. 3.93 Conc. 5.90 Conc. 7.86 Conc. 9.83
pg/mL pg/mL pg/mL pg/mL pg/mL
1 501099 1076366 1606935 2161440 2667676
2 507837 1060060 1613451 2118054 2662369
3 496464 1082458 1610674 2128566 2662340
Mean 501800.0 1072961.3 1610353.3 2136020 2664128.3
SD 5718.8 11580.6 3269.8 22633.1 3072.4
%RSD 1.14 1.08 0.20 1.06 0.12
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The abstract and full text of Senior Project in Chulalongkorn University Intellectual Repository(CUIR)

are the Senior Project authors' files submitted through the faculty.
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5Ui 30 TAsunlnunsuvesasazatennsgIy COD 2 pg/ml 1Tufl 1

gﬂﬁ 31 TAsUlAuNTNVDIA1T8LAUINTFIU CDD 2 pg/mL Wil 2

5Ufl 32 TasanlaunsuvesansazasunsgIy COD 2 pg/ml 1udl 3
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g‘uﬁ 33 1NN lALNTUYDIAITALAIEUINTFIU CDD 4 pg/mL Wi 1
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5Ufl 35 TasanlaunsuvasansazasunsgIy COD 4 pg/ml 1udl 3
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g‘uﬁ 36 1ATUNLALNTUYDIAITALAIUINTFIU CDD 6 pg/mlL Wi 1

gﬂﬁ 37 TAsUlAuNTNVDIATALAUINTFIU CDD 6 pg/mL Wil 2

5Ui 38 TasunlnunsuvesaNsazatennsgIu COD 6 pg/ml 1iufl 3
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g‘uﬁ 39 1ATUNlALNTUYDIAITALAIEUINTFIU CDD 8 pg/mL Wi 1

gﬂﬁ 40 TAsULALNTUVDIATLAUINTFIU CDD 8 pg/mL Wil 2
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5UTl 42 Tasanlaunsuvesansazasuinsgty COD 10 pg/ml 1iud 1

5Ufl 43 Tasanlaunsuvesansazaisuinsgty COD 10 pg/ml 1iud 2

Uil 44 TasunTaunsuvasasazatennsgiu COD 10 pg/ml 1iuil 3
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M15197 7 ARukiuLazAUiEIngluiusgINuYasEsazateuInsgIu COD

Theoretical Measured
Time Concentrations Peak area Concentrations
(ug/mL) (ug/mL)

Morning 1 510303 1.93
Morning 2 511580 1.94
Morning 3 500367 1.90
Evening 1 500378 1.90
Evening 2 499623 1.89
Evening 3 LT 501300 1.90
Mean 1.91

SD 0.02

%RSD 1.05

%Recovery = 96.90

Morning 1 1603229 5.92
Morning 2 1584504 5.85
Morning 3 1594523 5.89
Evening 1 1611619 5.95
Evening 2 5.90 1603875 5.92
Evening 3 1608019 5.94
Mean 591

SD 0.04

%RSD 0.61

%Recovery = 100.20
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M15197 7 (610) AULiuazAMUEIngluiufgIiuvasEsazateuInsgy COD

Theoretical Measured
Time Concentrations Peak area Concentrations
(ug/mL) (ug/mL)

Morning 1 2634925 9.69
Morning 2 2662765 9.79
Morning 3 2640621 9.71
Evening 1 2635452 9.69
Evening 2 983 2627798 9.66
Evening 3 2630200 9.67
Mean 9.70

SD 0.05

%RSD 0.48

%Recovery = 98.65
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311ﬁ 45 1A5UIALNTUVDIAITAZANENINTFIY CDD 2 pg/mlL Wi 1

sUTl 46 TasanlaunsuvesansazaleuInsgIy COD 2 pg/ml 1iudl 2

;J‘U‘ﬁ 47 1A53lALNTUVDIETTALANENINTFIU CDD 2 pg/mL Wl 3
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sUTl 48 TasanlaunsuvuesansazasunsgIy COD 2 pg/ml 1iudl 1

gﬂﬁ 49 1A53IALNTUVDIETALANENINTFIU CDD 2 pg/mL Jadi 2

gﬂﬁ 50 TAsUNlALNTNVDIATBLAUINTFIU CDD 2 pg/mL Wil 3
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311ﬁ 51 1AsUlALNTUVDIEITAZANENINTFIU CDD 6 pg/mL Wi 1

5Ui 52 Tasunlnunsuvesasazateannsgu COD 6 pg/ml 1iuil 2

gﬂﬁ 53 TAsuNlALNTUYRIATALAENINTFIU CDD 6 pg/mL Wi 3
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5Uf 60 TasanlaunsuvesansazalsuInsgty COD 10 pg/ml 1iud 1

gﬂ‘ﬁ 61 TAsuNlALNTUYRIAITALANENINTFIU CDD 10 pg/mL Wil 2

31]1’7i 62 1A IALNTUYDIAITALAIBNINTFIU CDD 10 pg/mL Wadl 3

[ v a /A = @
unAageuazuudoyaniivauves Tassaulfganinusnliusms luadsdyangwa (CUIR)
I Y aa Y a I 1 ] Ao o
!ﬂullﬂuﬂl@yﬁﬂlﬂﬂuﬁ@!ft]15116\‘]Iﬂi\‘]\‘]1Uﬂ‘§ilulﬂuﬂu‘1/\lu‘ﬁ1/lﬁ\‘]W1u1/n\1ﬂi1!$1/l’€’f\‘]ﬂﬂ
The abstract and full text of Senior Project in Chulalongkorn University Intellectual Repository(CUIR)

are the Senior Project authors' files submitted through the faculty.

56



AULIULAZAINTIBIA9TUAY
M13197 8 AINLULATANNNEIASIUNUVRIEITAZANENINTZIL CDD

Theoretical Measured
Time Concentrations Peak area Concentrations
(ug/mL) (ug/mL)
Day 1.1 510303 1.93
Day 1.2 511580 1.94
Day 1.3 500367 1.90
Day 2.1 505561 1.91
Day 2.2 505213 191
Day 2.3 499433 1.89
Day 3.1 1.97 499407 1.89
Day 3.2 504929 191
Day 3.3 505646 1.92
Mean 1.91
SD 0.02
%RSD 0.84
%Recovery = 97.05

Day 1.1 1603229 592
Day 1.2 1584504 5.85
Day 1.3 1594523 5.89
Day 2.1 1586190 5.86
Day 2.2 1615300 5.96
Day 2.3 1609728 5.94
Day 3.1 5.90 1611459 5.95
Day 3.2 1572575 5.81
Day 3.3 1576972 5.82
Mean 5.89
SD 0.06
%RSD 0.98

%Recovery = 99.83
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M157991 8 (59) AULANULAZAUNEIFAITUNUVBIETALAIBNINTFIY CDD

Theoretical Measured
Time Concentrations Peak area Concentrations
(ug/mL) (ug/mL)

Day 1.1 2634925 9.69
Day 1.2 2662765 9.79
Day 1.3 2640621 9.71
Day 2.1 2670673 9.81
Day 2.2 2657535 9.77
Day 2.3 2648780 9.73
Day 3.1 9.83 2649617 9.74
Day 3.2 2642816 9.71
Day 3.3 2640634 9.71
Mean 9.74

SD 0.04

%RSD 0.44

%Recovery = 99.07
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gﬂﬁ 63 TAsULALNTUYDIAITALAENINTFIU CDD 2 pg/mL Wi 1
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gﬂﬁ 70 TAsuNlALNTUYRIATATAENINTFIU CDD 2 pg/mlL Jadi 2

Uil 71 TasunTnunsuvesansazatennsgiu COD 2 ug/ml 1dufl 3

[ v a /A = @
unAageuazuudoyaniivauves Tassaulfganinusnliusms luadsdyangwa (CUIR)
I Y aa Y a I 1 ] Ao o
!ﬂullﬂuﬂlﬂyﬁﬂlﬂﬂuﬁ@!ft]15116\‘]Iﬂi\‘]\‘]1uﬂ‘§iluliluﬂu‘1/\lu‘ﬁ1/lﬁ\‘]WTL!TINﬂﬂ!ZTIET\‘]ﬂﬂ
The abstract and full text of Senior Project in Chulalongkorn University Intellectual Repository(CUIR)

are the Senior Project authors' files submitted through the faculty.

61



JuN 1

sUfl 72 TasanlaunsuvuesansazasunsgIy COD 6 pg/ml 1iudl 1

gﬂﬁ 73 TAsunlalNTUYR9A1TaEaN8NINIFIU COD 6 pg/mL Jadi 2

gﬂﬁ 74 TAsUNlAUNTUVDIATLAIUINTFIU CDD 6 pg/mL Wil 3

[ v a /A = @
unAageuazuudoyaniivauves Tassaulfganinusnliusms luadsdyangwa (CUIR)
I Y aa Y a I 1 ] Ao o
!ﬂullﬂuﬂlﬂyﬁﬂlﬂﬂuﬁ@!ft]15116\‘]Iﬂi\‘]\‘]1uﬂ‘§iluliluﬂu‘1/\lu‘ﬁ1/lﬁ\‘]WTL!TINﬂﬂ!ZTIET\‘]ﬂﬂ
The abstract and full text of Senior Project in Chulalongkorn University Intellectual Repository(CUIR)

are the Senior Project authors' files submitted through the faculty.

62



JUN 2

g‘uﬁ 75 15U lALNTUYDIAITALAIEUINTFIU CDD 6 pg/mL Wi 1

sUfl 76 TasanlaunsuvesansazaeuInsgty COD 6 pg/ml 1iudl 2

gﬂﬁ 77 TAsUlAUNTUVDIATLAUINTFIU CDD 6 pg/mL Wil 3

[ v a /A = @
unAageuazuudoyaniivauves Tassaulfganinusnliusms luadsdyangwa (CUIR)
I Y aa Y a I 1 ] Ao o
!ﬂullﬂuﬂlﬂyﬁﬂlﬂﬂuﬁ@!ft]15116\‘]Iﬂi\‘]\‘]1uﬂ‘§iluliluﬂu‘1/\lu‘ﬁ1/lﬁ\‘]WTL!TINﬂﬂ!ZTIET\‘]ﬂﬂ
The abstract and full text of Senior Project in Chulalongkorn University Intellectual Repository(CUIR)

are the Senior Project authors' files submitted through the faculty.

63



Ui 3

g‘uﬁ 78 1AsuNlALNTUYDIAITALAIEUINTFIU CDD 6 pg/mL Wi 1

sUfl 79 TasanlaunsuvesansazaleuInsgty COD 6 pg/ml Liudl 2

gﬂﬁ 80 1ATUNlALNTUYDIAITALAININTFIU CDD 6 pg/mL Wil 3

[ v a /A = @
unAageuazuudoyaniivauves Tassaulfganinusnliusms luadsdyangwa (CUIR)
I Y aa Y a I 1 ] Ao o
!ﬂullﬂuﬂlﬂyﬁﬂlﬂﬂuﬁ@!ft]15116\‘]Iﬂi\‘]\‘]1uﬂ‘§iluliluﬂu‘1/\lu‘ﬁ1/lﬁ\‘]WTL!TINﬂﬂ!ZTIET\‘]ﬂﬂ
The abstract and full text of Senior Project in Chulalongkorn University Intellectual Repository(CUIR)

are the Senior Project authors' files submitted through the faculty.

64



JuN 1

5Uil 81 Tasanlaunsuvesansazaisuinsgty COD 10 pg/ml 1iud 1

5Ufl 82 Tasanlaunsuvesansazaisuinsgty COD 10 pg/ml 1iudl 2

gﬂﬁ 83 TAsunlALNTUYRIEITALaENINIFIU CDD 10 pg/mL Wadl 3

[ v a /A = @
unAageuazuudoyaniivauves Tassaulfganinusnliusms luadsdyangwa (CUIR)
I Y aa Y a I 1 ] Ao o
!ﬂullﬂuﬂlﬂyﬁﬂlﬂﬂuﬁ@!ft]15116\‘]Iﬂi\‘]\‘]1uﬂ‘§iluliluﬂu‘1/\lu‘ﬁ1/lﬁ\‘]WTL!TINﬂﬂ!ZTIET\‘]ﬂﬂ
The abstract and full text of Senior Project in Chulalongkorn University Intellectual Repository(CUIR)

are the Senior Project authors' files submitted through the faculty.

65



JUN 2

5Ufl 84 Tasanlaunsuvesansazaisuinsgty COD 10 pg/ml 1iudl 1

gﬂ‘ﬁ 85 TAsunlALNTUYRIAITATaIENINTFIU CDD 10 pg/mL Wil 2

3‘1J17'i 86 1ATUNIALNTUYDIAITALAIENINTFIU CDD 10 pg/mL Wadl 3

[ v a /A = @
unAageuazuudoyaniivauves Tassaulfganinusnliusms luadsdyangwa (CUIR)
I Y aa Y a I 1 ] Ao o
!ﬂullﬂuﬂlﬂyﬁﬂlﬂﬂuﬁ@!ft]15116\‘]Iﬂi\‘]\‘]1uﬂ‘§iluliluﬂu‘1/\lu‘ﬁ1/lﬁ\‘]WTL!TINﬂﬂ!ZTIET\‘]ﬂﬂ
The abstract and full text of Senior Project in Chulalongkorn University Intellectual Repository(CUIR)

are the Senior Project authors' files submitted through the faculty.

66



Ui 3

5Uil 87 Tasanlaunsuvesansazaisuinsgty COD 10 pg/ml 1iud 1

gﬂ‘ﬁ 88 TAsunlALNTUYRIAITALaENINTFIU CDD 10 pg/mL Wil 2

3‘1J17'i 89 1ATU1lALNTUYDIAITALAIENINTFIU CDD 10 pg/mL Wadl 3

[ v a /A = @
unAageuazuudoyaniivauves Tassaulfganinusnliusms luadsdyangwa (CUIR)
I Y aa Y a I 1 ] Ao o
!ﬂullﬂuﬂlﬂyﬁﬂlﬂﬂuﬁ@!ft]15116\‘]Iﬂi\‘]\‘]1uﬂ‘§iluliluﬂu‘1/\lu‘ﬁ1/lﬁ\‘]WTL!TINﬂﬂ!ZTIET\‘]ﬂﬂ
The abstract and full text of Senior Project in Chulalongkorn University Intellectual Repository(CUIR)

are the Senior Project authors' files submitted through the faculty.

67



A15719% 9 AMUAINUVBIATIASAIWUINTITUY CDD
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Acetonitrile: Parameters
2% Acetic acid Tube Retention . Tailing Capacity
) i Resolution
(v/v) time (min) factor factor
1 17.85 4.98 1.037 19.34
2 17.84 4.98 1.036 19.50
17.87 5.03 1.034 19.08
70:30
Mean 17.85 5.00 1.036 19.31
SD 0.01 0.03 0.002 0.21
%RSD 0.07 0.56 0.15 1.09
1 12.83 4.49 1.052 13.08
2 12.84 4.48 1.055 12.76
3 12.85 4.45 1.051 13.08
72:28
Mean 12.84 a.47 1.053 12.97
SD 0.01 0.02 0.002 0.19
%RSD 0.08 0.45 0.20 1.46
1 9.63 3.99 1.089 9.56
2 9.62 4.03 1.090 9.66
3 9.63 3.98 1.086 9.45
74:26
Mean 9.63 4.00 1.088 9.56
SD 0.01 0.03 0.002 0.11
%RSD 0.05 0.75 0.19 1.10
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M13197 9 (512) AUAINUVBNETALABNINTFIY CDD

Acetonitrile: Parameters
2% Acetic acid Tube Retention . Tailing Capacity
. . Resolution
(v/v) time (min) factor factor
1 7.33 3.36 1.134 6.89
2 7.32 3.38 1.128 7.04
7.32 3.33 1.131 7.08
76:24
Mean 7.32 3.35 1.131 7.01
SD 0.01 0.03 0.003 0.10
%RSD 0.08 0.76 0.27 1.44
1 5.65 2.68 1.182 5.07
2 5.66 2.70 1.177 5.07
3 5.65 2.69 1.183 5.19
78:22
Mean 5.65 2.69 1.181 5.11
SD 0.01 0.01 0.003 0.07
%RSD 0.10 0.21 0.27 1.34
1 4.47 2.06 1.240 3.88
2 4.46 2.05 1.242 3.79
3 4.47 2.05 1.239 3.80
80:20
Mean 4.47 2.05 1.240 3.82
SD 0.01 0.01 0.002 0.05
%RSD 0.14 0.29 0.12 1.38
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3ﬂﬁ 90 TAsulALNTUVDIATAZANENINTFIY CDD 6 pg/mL
Tneld acetonitrile: 2% acetic acid 70:30 v/v Wu#l 1

g‘dﬁ 91 TAsUNlALNTUVDIATALANINTFIUW CDD 6 pg/mL
Tneld acetonitrile: 2% acetic acid 70:30 v/v WUl 2

5Uf 92 Tasunlnunsuvesansazatennsgiy COD 6 ug/ml
Taeld acetonitrile: 2% acetic acid 70:30 v/v \Wud 3
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3ﬂﬁ 93 1AsUlALNTUVDIATAZANENINTFIU CDD 6 pg/mL
Tneld acetonitrile: 2% acetic acid 72:28 v/v Wu#l 1

g‘dﬁ 94 TATUNALNTUVDIATALANINTFIU CDD 6 pg/mL
Tneld acetonitrile: 2% acetic acid 72:28 v/v WUl 2

5Uf 95 TasunlnunsuvesaNsazatennsgiy COD 6 ug/mL
Taeld acetonitrile: 2% acetic acid 72:28 v/v \Wudl 3
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5UT 96 TasunlaunsuuasaNsazaneuInsgIu COD 6 pg/ml
Tneld acetonitrile: 2% acetic acid 74:26 v/v \Wud 1
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Ul 102 TasunlaunsuvesansazateuInsgIu COD 6 pg/ml
Tneld acetonitrile: 2% acetic acid 78:22 v/v \Wudi 1
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gﬂﬁ 105 1AsUlALNTUVDIATAZANENINTFIU CDD 6 pg/mL
Tneld acetonitrile: 2% acetic acid 80:20 v/v Wu#l 1

SUTl 106 TATHNTANTNVDIETAZATEAATFIU CDD 6 peg/ml

U o9

neld acetonitrile: 2% acetic acid 80:20 v/v L%&I‘ﬁ 2
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The abstract and full text of Senior Project in Chulalongkorn University Intellectual Repository(CUIR)

are the Senior Project authors' files submitted through the faculty.
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