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ABSTRACT

Senior Project Academic Year 2021
: The application of FTIR spectroscopic techniques in combination with
chemometrics for quantitative determination of andrographolide contents in

Andrographis paniculata (Burm.f.) Wall ex Nees. Powder

By

1. Miss. Supavadee Saengpan ID 59210215
2. Miss. Kornkamol Thanawinitcharoen ID 60210174
3. Miss. Patteera  Ratchanee ID 60210204
Advisor:

1. Dr. Putthiporn Khongkaew
2. Dr. Watcharaphong Chaemsawang

Current standard method of quantitative analysis andrographolide in
Andrographis paniculata (Burm.f.) powder according to Thai herbal pharmacopeia 2017
is High performance liquid chromatography (HPLC). This method is an efficient
technique with high accuracy and precision. However, this method has some
drawbacks i.e., it requires a sample preparation procedure prior to analysis where the
sample is destroyed, takes a long time to analyze, uses several steps of analysis, uses
a large number of chemicals, and the by-product is toxic to the environment. In this
research, FTIR spectroscopic techniques in combination with the chemometrics
methods were developed for the quantitative determination of andrographolide
contents in Andrographis paniculata (Burm.f.) Powder. The optimum developed model
was obtained by constructing a partial least square regression (PLSR) model from IR
spectrum range 4000-525 cm' and pretreatment data by baseline correction. The
development method was validated. Linearity show correlation coefficient (r) 0.9721,
accuracy was not significantly different with HPLC method at confident interval 95%
(p-value 0.94) by ANOVA, precision was obtained with HorRat value 0.63 and root mean
square error of prediction (RMSEP) of 3.54 %. This indicates that the developed
analytical method is effective as an alternative to the primary quantitative analysis of

andrographolide in Andrographis paniculata (Burm.f.) powder.
Major advisor

Putthiporn Khongkaew
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Fig.1a  Andrographis paniculata (Burm. f.) Nees
1. flowering and fruiting plant 2. different views of flowers (a-d)
3. fruitsin di stages (e), dehiscent fruit showing seeds (f) 4. crude drug
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2. chemometrics

2.1 chemometrics
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2.2 Multivariate calibration methods in analytical chemistry

2.2.1 MINTUWTNGuE (Theoretical Considerations)
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Y=Xeb (2.1)
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<& o PR 1 [ v & =] 1 '
JudesununldSinneuaiunsagniusla iunvesiaazliaiuisauszanadi
lassaiivesanasuninliaenadesiudoyandiusdu auuUsusIuves

o a

doyeyr1un19adal Wi n15NAINTIATA (detector) gnsuniu gnstnaleiuiu

v ¥

Y v ¢ ' ' a a & a v ° ya
?J@i;lJﬁﬂ'J’]@JLGUlIGUU NaaWﬁeUaﬂﬂ'J']lIlelLLUU@UWLﬂ@GUU I@aﬂﬂmmmgﬂmﬂwmm

'
o

AEALAENTINAI0E1MA1Y 9 FptualRRgHAT NGy

2. Myafranvuaesiivmelaveszuuna1ueAUsenoy deen159nLenYes

'
= =

NATLYNAUDLIUNIND
2.2.2 PLS-Regression

SaneTBuves PLS gnatsduiuisvilsiteldinnilandeduazedueisd
Wiy ilesnueuinnareududounsadinaiansvesiesuneviaiunay
lailfuandlfiflefiazyih PLS-Regression vesszutln 9 deyavesaunnsuvesans
Fosmnivssuiiisufudoyamiuiduturesansdun1audsundasiiiad urisly
Tnssareteyaisansdosldfunissouiunasiinuduiusdatuuas fudnsy

v
(% §al o

Tgusvanaidnludosindieg1sduwaunn

ANNEARTILAWYRY PLS regression dmiunisiasizinaauyiniaad
Anannisadauwnanes (Factorization) vesdoya X way Y lngliludasesie
ﬁ’uLLazLﬁmﬁuw%’auﬁmﬁ'aﬂizLﬁuaL‘Uﬂm%“mmﬂﬁ@jm%’ua’]miaﬁ%ﬂizmmdw
mMswAsuaesteyaanaiudduininanmiuulsusiuvesanududud
aonndesiu tumineanuinsiasuulamesdoyaaunasunsazilugns
Wasuulasiaenndesiuvesanndy

2.3 M3NgaLUUTIaIMNIe chemometrics WagNTIATILARIRE 17 lIFAN

aa }%

FEnsasisuuuassafiustulagly PLS Regression vastayaailnasuuay
TayanUlNTudenAf 09U huuTIaeslliAILIAMBs e score way loading
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Srwudin ngldteyaaunasuuasdoyarnududuuasudusiadoya Aneand
gnuhanldiwinmaaustuiliady b dahunldlunisimseismegramlaiien

Y matrix = X matrix « b
lag X matrix: Teyaanasuresineg it Inen
Y matrix: AMANUINTUYDIFIBENNUILIATIZI

] [ Y n’ail’ o Ay 4 a L3 . a dy o
dmsuinguszasdll wuudnaesfidesnisdesgnitaay (validate) nsuseiduivilag
Tduvuiassihweiegednuuniaimanududy msuiesuiguaiviungla
fuA9399zkansliuaInURILEVDUUTIADY YAUBINITTNDSTILENITINTS
° Ady a v 0 v & = ax Aaa
nuendderananntesgnartliiutaisnsianan (@)

3. IUIYNNYIVDINUNITWAIUIITIATIEN

310317 TS 09 FTIR spectroscopy combined with partial least square for
analysis of red fruit oil in ternary mixture system v1n15A nw1n15t4 FTIR
spectroscopy mw-jﬁ’u PLSR (partial least square regression) \iomUSuaes red
fruit oil fiegluansazarenanauvdaldun red fruit oil, com oil Az soybean oil
wuidleld PLS calibration aganansald first derivative iienuSunames red fruit ol
16 Tuvaueianunsald second derivative Tun1swIUSunaiwes corn oil wag soybean
oil I Tnedian R? seminaana3suareiildannnisvituieaes red fruit oil, corn oil waw
soybean oil @® 0.9863, 0.9276, Lay 0.9693 MINAIAU LaziAT root mean square
error of calibration (RMSEC) 494 red fruit oil, corn oil Wag soybean oil Ao 1.59,
1.72 wag 1.60% (v/v) mudadu annwadildnudnisdiduisddanugndes wiud
Fieenss wazdedeld wislduiusunames red fruit oil, com oil waz soybean oil 7
Hanag5Iuule (8)

v

uona1nd Fanu3n8198991nuITeI3 09 Discrimination and characterisation of
extra virgin olive oils from three cultivars in different maturation stages using
Fourier transform infrared spectroscopy in tandem with chemometrics 1 ¢
Mn15@nw1n15194A3 89 Fourier transform infrared spectroscopy (FTIR) $2uru33
Ainseidoya multivariate WilonsavdeutindungnanuIas finanainamaeiugi
uansnafuluszernsaniianeiu nslinsgiesdusenaundnuagnsiinseisiuunly
ieadranuusiassdmiusuundetwinunznen 399gld Partial least squares
regression tieadauuusiassmdiuduiiomvuamsidiwesniand Uszaniainuves

WUUI1aB99919999710 R?, RMSEC way RMSECV Llaiuuudnasd unvinuigaglaen R
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agluya9 0.93 f19 0.99, RMSEC 2¢/58M319 1% 919 4% waz RMSECV da1 2% 919 5%
MNNaNTITEuandbAiuINIslE FTIR spectroscopy Auallfiu chemometrics 473g
Ianunsaasiwuuaesniianugnees anunsathuildlaasuasuiugi (9)

MnATenaesdinandreiudmuinlusdseides Rapid determination and
classification of crude oils by ATR-FTIR spectroscopy and chemometric methods
I6vhn1s@ne1n1519a5 o9 attenuated total reflection Fourier transform infrared
spectroscopy (ATR-FTIR) 533U chemometrics Tun153LA1%9% crude oil \iensiadeu
ssdUszneuluituAuiasmsdanguulssnn fanninaeinnsannisuisseann
970 APl gravity 1Jun1suszananisisnisann mmu’%qwé ANl UfiY Lags1A1v09
dhifuiv wildaundsnsisuielfinausngs Ysendn warldvanesogna og
a3 Ineaeliisna1atelng ATR-FTIR $2uiU chemometrics Tnsduogfunisussiiiuen
31N AP @jﬂ"]mmvﬂjﬂﬂay PLSR waig support vector machine algorithm R (SVM-R
algorithm) L.Laz"iLm’wﬁﬁmiﬁﬂ’ayﬁﬁ]’mal,ﬂmﬁ'mﬁ'i’mlﬁﬁw Partial least square
discrimination analysis (PLS-DA) lun1suusUsziantinguiiv manisdnwmuinisfuiu
LUl 3 nguRINNTTUsELETUAIE API gravity Faluwaa SYM-R Tnafindn PLSR 1o F-
test 7i 95% confidence interval waz ANUQNABY (accuracy) AANYINAU 100% AU
AnmanslunisutanguiiAvindu o Wlewisungy calibration set ua prediction set Tu
NSIATIERIY PLSR (10)

a L3

v o v a0 v ° Y va v a ) aa a
ﬂﬂuu‘iﬂﬂ%@%ﬁﬂﬂa'nsU'1\‘11/]'11‘1/1E\Jl'ﬁ]ﬂﬂﬂ')']ﬂﬁﬂiﬁ]wwu’nﬁjLﬂi’]mﬁ"\]’]ﬂwlﬂu@ FTIR

590U chemometrics Wellun153ATIERUsNa andrographolide Tunsinganelas
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uni 3
ad o a a v
AT UUITUIY
1. Wy fhwzarglasaniruayulnsvimseduns @y 2564)
2. d13uAl
2.1 Andrographolide standard
2.2 Methanol HPLC grade
2.3 Acetronitrle HPLC grade

2.4 Acetone HPLC grade
2.5 Distilled water HPLC grade

2.6 wamganalas
3. gUnsaluaziaiacile
3.1 nsesfniminianea natey 4 s
3.2 @394 Fourier Transform Infrared Spectrometer
3.3 TUsunsu Unscrambler X
3.4 Oscillator TUIARZUNTILIIUDS 63
3.5 1A30 High Performance Liquid Chromatography
3.6 ABUNILADST
3.7 Sonicator
3.8 volumetric flask 9116 10, 25, 100 ml
3.9 Beaker
3.10 pipette 29U 1, 5, 10 ml
3.11 nylon membrane ﬁﬁ‘ummgmu 0.45 micron
3.12 189010814
3.13 WU
3.14 Aluminium foil
3.15 Hammer mill
3.16 YANTDIFYUYINA
3.17 Qananamn
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[

4. 521U8uITIY
4.1 myfgaiendnualiafmeatelas

warmzarelasldlunuideunaniuayulnsvianseduns @Eonay 2564)
Uaniigadionanyalnuu1nsgIuves Thai herbal pharmacopeia 2017() A78735

nNadauAU specific reagent pamalUil

4.1.1 Method A : Fasaag1awatiivzaslas 1 ¢ Wiy ethanol 20 mL 1 lUTH
aufeunasiinisnses antuliy decolorizing charcoal 300 mg uaa1ly
399 (solution 1) 9101 w1 solution 1 €41 1 mL WaINEA 2% wiv 3,5-
dinitrobenzoic acid in methanol 2 #ea Wag 5.7% w/v potassium hydroxide

in methanol 2 %A Azwiududinwea

4.1.2 Method B : 11 solution 1 11 1 mL %188 6.5 %w/v potassium hydroxide
in ethanol auninagtiiwdudung M9l3 10-15 W17 azUd suandunadud

LAD
4.2 A5N5M38UATAIDLS

4.2.1 11679819691 1zanelas (raw material) ualiazidgnkaziiuIanuuln
#1e oscillator ANVUINALLNTILIBUDS 63 Lol lansimzaelasiiianing
ALLYAALLELD

4.2.2 Un standard andrographolide Tsazidgauazirluanauinaulfeaiuns
A nzanelasunswues 63 wWieolnlans standard andrographolide fiA21%
AzldyAaNLELD

4.2.3 Uaimzanelas wag standard andrographolide MuAWAZILIITEUTDY
Nmanludnsrdiunig o laeldls geometric dilution TRdAMUTUTY 2-10
%w/w 993U N andrographolide ¢awniinuslmzanslas 991uau 50

fheg (§Uil 3.1)
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Andrographis paniculata
Raw material 500 g

Nl ! i

Raw material

A B c D E =
100 g 100 g 100 g 100 g 100 g andrographolide
powder

A1 A6 B1 B6 C1 Ccé D1 D6 E1 E6

A2 A7 B2 B7 c2 || ¢r D2 D7 E2 E7 Hossire
all samples

A3 A8 B3 B8 Cc3 c8 D3 D8 E3 E8 with
HPLC (ref.)

A4 A9 B4 B9 C4 Cc9 D4 D9 E4 E9 and

FT-IR
A5 A10 B5 B10 Cc5 Cc10 D5 D10 ES E10

SUAMNT 3.1 MNIIABINTIATENAIDENSANT
4.3 MyIATIENRUINIENS andrographolide mawaiin HPLC

4.3.1 condition M4lunTiATEigewaila HPLC

1) mobile phase acetonitrile : water (40 : 60)

2) flow rate 1 mL/min

3) column C18 AU 25 cm
4) detection 224 nm

5) retention time 4.4 mins

6) injection volume 20 ulL
7) column temp room temp

4.3.2 MTAATIERAITAIDEN
1) Faumindegrsiivgaralasdnuiu 50 fege fegNas 0.2 g

2) thansidslaldadly volumetric flask un&d21U5UUSLNUS8 methanol
UATU 100 ml

3) N399I nylon filter 0.45 micron LLéjaU‘iiﬁ;aﬂu HPLC vial

1% (%
6 U

4) 11lU3m5129978LA389 HPLC Tag 1 $1ag19%in1sAsIedian 3 Asa
4.3.3 NM3IATILNEAI5UI955U andrographolide

1) sﬁbﬂa'l’ﬁmmg’lu andrographolide 0.1 g
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2) thansidanldadly volumetric flask wdaUSuUSINaIe18 methanol
UATU 100 mL ey stock solution 3101y dilute 19l 6 AUTUTY
A9 1, 10, 50, 100, 250 wag 300 mcg/mL ANaIRU

3) n30961U nylon filter 0.45 micron Wau353a¢lU HPLC vial

6 ¥

4) 1lUAs1eiaeAT 09 HPLC 1ag 1 Anududuyvinn1sitasieian 3
A5

4.4 N1INTIAADUAIINYNA BIVDIITIATIEMLNONIUTU8 andrographolide A2
wAlA HPLC

4.4.1 AMNTUNIZVRNIDIATIZY (Specificity)

W150191A retention time LHBUIEWINe sample AU standard azAesll

significant 7ifAALLT8sT 99% (p-value WINNTWToWIAY 0.01)
4.4.2 pnuduiusegradudunss (linearity)

#31541210A7 1 IABRIINANNTAUATIVEY standard curve AITATING 1
4.4.3 Range

MlAEAITILATIZRAI9E 197H DINITUIUINIUEITIUGAIBLTUTUSRNS

AulazAuAIANULNTUTUE97R accuracy wag precision Niveusuls
4.4.4 ANNYNABIVBIITIATIEN (accuracy)

915019 %8819 10 Free19 Tnerunaindaegneil spike standard
solution 3 FRATUTUAD ANUTHTUGS (52 mcg/mL), ANITUTUNATS (28
mcg/mL) wazaududusn (@ meg/mL) Fss1eanuduan %recovery agaad
AluY9 92-105% #11 AOAC guideline U 2019 Tnganunsadwinidaainans

Recovery, % = (Cf — Cu) x 100/Ca

Cf = ANUTNTUYDIASFIRENTLANATUINTTIU
Cu = ANUduturetansiteg e liiiy

Ca = ANANUTNTUTDIATUINTTIUTLAY
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4.4.5 AULLUEIUBIIDIATIZN (precision)
#1315641910 % RSD lalliin 2% laeAuiaangnsseluil
SD
%RSD = < X 100

4.4.6 Uunausnaninsaanula (imit of detection) kazUSuIUAIEATIATIANY

WaUsanadld (limit of quantitation)

USuasaai nsaanuldvwiesn LOD (limit of detection) 1¥A1a1n

calibration curve 1191@1 limit of detection (LOD) 1n@unN1s
LOD =330/S

O = A1 standard deviation
S = AIAUTUVBY calibration curve

USinasgaiinsianuilsimnaldvionn LOQ (limit of quantitation) 19

A191N calibration curve 1A limit of quantitation (LOQ) a1n@uN1S
LOQ =100/S
O= A" standard deviation
S = AIAUTUYBY calibration curve
4.5 n35udin IR spectrum fewades FTIR

4.5.1 41a1562081909M 1 2a181a59 M3 gUTUINUIY 50 AI9E8197ATILIAE
\M3949 Attenuated Total Reflectance — Fourier Transform Infrared (ATR-FTIR)

Tnele condition

1) Detector DTGS KBR

2) Source IR

3) Window Diamond

4) Range 4000-525 cm’™
5) Gain 4.0

6) Optical velocity 0.4747 cm’™

7) Aperture 100
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4.5.2 Tuiin IR spectrum 983815770879 A9819az 3 FILNanIALLdY

4.6n1571A5189W US U@y andrographolide laaleimaida FTIR $aufiu

chemometrics
4.6.1 N15d3519 calibration model

1) enegalagld Kennard-Stone algorithm 971uau 30 degraiield

1T calibration set Tunisassluna

2) @519 calibration model 310 IR spectrum A UUT N1UUD
andrographolide #iuiasslunaiimzanalasiiiaszsilgainnaiia HPLC
Wag v pretreatment data Lo wA 1° derivative, 2™ derivative,
smoothing, standard normal variate (SNV), baseline correction ka e

normalize

3) 158N calibration model #1ANignlaeNa15U1AINAT R? voslunanlati

TJAnlna 1 wagdlan Latent factor fn
4.6.2 M3nUTunal andrographolide Tursimzanelas
1) @a15¢neg19wide 20 dregradiunldy validation set

2) 47 IR spectrum ¥84a15728819nq % validation set ¥174ATILV N

USu1ew andrographolide agld calibration model ﬁaﬁqmﬁa%ﬁﬁu
3) Wguwiguanlanuan reference concentrations

4.7 N13ATIVABUAINYNADIVBIITILAT 1M eNIUT U andrographolide A7

WA FTIR 571AU chemometrics

N1395798UANNNABIL LTI T TN Tulnglddoyaa1nns

[

1ATILVAIA0819NgY validation set fiail

4.7.1 anuduiusegadudunss (linearity)

' 1%
fal o = L I

AT ITINNRAIUITUR TR correlation coefficient (r) 11nN37 0.9 L3l

Wguigunuis HPLC
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3

4.7.2 ANNYNABIYBIITIATIEN (accuracy)

Iy linearity regression 5¥319A1ANNTUA predict I8AufuAT
ATaduiuLia3aaIniSunsgiuandaegenga validation set $1u9u 10
fegna Inedesiirnmnuidesiu 95 % ves slope Asex 1.0 UsuanAugnied
yosisivaTuileuldiuitnassu

4.7.3 ANULLUEIUBIIDIATIZN (precision)

AFAszfiimuTusdeaiinn %RSD L 2% wanilemuanen HorRat
ngldgns HorRatr = RSDr (found, %)/RSDr (calculated, %) masiiAnoglugis
0.5-2 ananausinifualy AOAC guideline ¥ 2019

4.7.4 Root mean squared error of prediction (RMSEP)

L3

% 1 & =g o a aaa A .
WuAnugunldussiiuanuainsoveslsinsigrinidy multivariate

analysis @11150A0lR31A

RMSEP = (1)
dle N = IUIUAIDE9YDY validation set
v - USuae Andrographolide fildnnluna

Y, o = UFu1au Andrographolide 21175 reference
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unii 4
NALaZI15aIN15738

1. ANYULVBINININZAYLRS

Wisumsimzaelasilufinisidu standard andrographolide wagnadmzatelashn
1n191@u standard andrographolide

sUnmi7 4.1 Wisuisunsihaganglasuuuiliiinsiiuuasinisiy standard
andrographolide

E‘Um‘wﬁ 4.2 L&@a standard andrographolide

< PRI a a o <, a a8 a 1% Aa
Q']ﬂEUQSLMu‘IWQWWQﬂ@Q%UWQSNaﬂwmgL‘UUNﬂagLaUﬂﬁLsﬂﬁlrJLsﬂu mﬁmsmﬂiﬁliwu

94y standard andrographolide axild@asuazgunininantios
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2. NM1sAsIvdaULENanyalvaINIiIneanelas (Identification)

iiegransiimeanslasuinsvdeuiendnuaifie35n15m1u method A wa B 7
seylu Thai herbal pharmacopoeia 2017 lagvinnsnaasuivaeaimeanelas raw
material, mw’hmawaiﬂi’lmmﬂﬁgaﬁmzmsiﬁ]iﬁﬁmaiuﬁamamt,az standard
andrographolide

Method A : Fasegnematinzaalasun 1 g udaufin ethanol 20 ml trluliaay
aunazsn1snses SNt decolorizing charcoal 300 mg walirlunses (solution
1) mﬂﬁ?uﬁﬂ solution 1 11 1 ml w@men 2% w/v 3,5-dinitrobenzoic acid in methanol
2 Em WAy 5.7% w/v potassium hydroxide in methanol 2 ven agiiududiaung

Method B : 11 solution 1 11 1 ml %189 6.5% w/v potassium hydroxide in ethanol
quninaviududuns 7918 10-15 undl szdsuanawnadudivdos

NaIneA reagent il NaIneA reagent 10 WM

JUN T 4.3 uanman1snaaeuveaniiliealslas raw material

viaendl 1 : Jlanmegisewsimeatslasiniu lulatinisld reagent wuindldnwey
Hudidereeu

naeadl 2 : thasazanevesnsiinnaislas nageuie method A wulnaisazanallug

117964

18907 3 : U1@158¥a10999NININza81as NAEeuAY method B wulwilanuly 10
Yiansazateasududvdoady
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NaINYA reagent VUi Na9nYn reagent 10 U1

sUn i 4.4 uanswanisnageursiimearglaslunaugaihmzanglasndungluviewnann

vaond 1 : Slawzinegsesmihmeaneloswiniu lallgfinsld reagent wuiniignwase
Wudideneeu
waendi 2 : tasaranevesmsiimzanslas nagousie method A wurasazateidud
1AS
waoadl 3 : thasasarsvesnsiinzaisles nedeusis method B wusdlesuly 10
Wi ansazanawdsududmdondy

NaInYn reagent iUl NaIneA reagent 10 W7

i |

gﬂmwﬁ 4.5 L@nwan1Inagay standard andrographolide

waoad 1:dwe standard andrographolide windu Lilefinnsld reagent WUl

anwauziudun

viaend 2 : thansavansvesiimeaslas nadeudie method A wuiiasazanendud

WA

vaend 3 : thansazatsvesmaimeaslas naaeusie method B wuindleruly 10

Wit asaranedsududindeoudy
MnuamIfigaiiendnualiiesiretusandidiuitasfismeaeuisanuyia I

ui waflmzanslas Raw material, neflmzatelaslunauyafiinzaislasi durelu

1999879 wag standard andrographolide Wuneimganelas

dleld HPLC ler3suiieu Retention time 5¢314 standard andrographolide U

sample solution HaWU1Y19 standard andrographolide tag sample solution 990w
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o . . = 1% = . ' . = g
71 retention time LA 8N U A B 4.430 min k@A77 sample solution W @159 LU U
29AUTTNBUREIAUAY standard andrographolide

mAU

PDA Multi 1 224nm,4nm

4430

75

50

25

0.0 25 5.0 7.5 10.0 12.5 15.0 17.5
min

mAU

1250 PDA Multi 3 224nm,4nm

4.430

1000

750

500 ‘

250

0.0 2.5 5.0 7.5 10.0 12.5
min

gﬂm‘wﬁ 4.6 Retention time ¥®9 Standard andrographolide WUSguULig Uy
nevzanelasannsineieg HPLC

3. M5AATIEHUSUIUYBY andrographolide Aaewalia HPLC Tunsrnzanalas

n1UTuraulaen198519 standard curve 310 standard andrographolide Tnang
ApTEiiegne 50 fethefewrias HPLC fhethsay 3 91 wdathen AUC wesnagng
50 faegadt lduunuanluaunisidunsaiilédann standard andrographolide Lo
ALl swasiogei 50 fhog

Tne standard calibration curve filda1nnNsiAsesiae HPLC fiA RAviiU 0.9999
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Standard curve Andrographolide USP

y = 45930x + 6089.9
’

R?=0.9999 .

100 150 200 250 300 350

Cencentration (microg/mi)

gﬂmwﬁ 4.7 standard curve U84 standard andrographolide
4.113013790UANYNABIVRIEMTIAT Iz Lag dnalia HPLC

4.1 AMNIUNIZVBIIDIATIEN (specificity)

WY1584191N retention time ¥4 sample WWigufiu standard Wu31lAA1 p two
tail Wi1ffu 0.86 Faldfaruuansnsegreddoddyiinnudedio 99% (pvalue
11NN 0LAAY 0.01)

M1399 1 L@n9AT retention time ¥4 sample Wag retention time 483 standard

retention time sample | retention time standard
4.427 4.413
4.428 4.425
4.423 4.429
4.419 4.433
4.425 4.428
4.421 4.424
4.429 4.436
4.430 4.426
4.427 4.406
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NS 2 F-Test Two-Sample for Variances

4.427 4.413
Mean 4.42525 4.425875
Variance 1.56429E-05  8.1E-05
Observations 8 8
Df 7 7
F 0.193164278
P(F<=f) one-tail 0.022759832
F Critical one-tail 0.264058226
91971 3 t-Test: Two-Sample Assuming Equal Variances
4.427 4.413
Mean 4.42525 4.425875
Variance 1.56429E-05 8.1E-05
Observations 8 8
Hypothesized Mean
Difference 0
Df 10
t Stat -0.1798375
P(T<=t) one-tail 0.430436028
t Critical one-tail 1.812461123
P(T<=t) two-tail 0.860872056
t Critical two-tail 2.228138852
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4.2 ANUEURUSITUEURNTILaEIIANUTNTUN I TNAEDU (linearity and range)

STD andrographolide

16000000

y = 46005x + 5377

14000000

2=0.9999

10000000 r= 09999

2000000

AUC

Amanan

2000000

100 150 200 250 30 350

Concentration (microg/ml)

gﬂm‘wﬁ 4.8 standard curve U84 standard andrographolide

911A157 A standard andrographolide @ 28 High Performance Liquid
Chromatography lagiduasne standard curve I@&Jﬁﬂmmmvﬁmﬁuagjﬁ 10.02 89
300.60 mcg/mL lagunisae Y=46005x+5377 &A1 R? = 0.9999 uagdlAn r = 0.9999

4.3 NMSANUIUNT accuracy kag precision 984 HPLC method

M1399 4 LER9AT accuracy Wag precision U89 HPLC method

Andrographolide Accuracy (%recovery + SD)
spike Intra-day Inter-day
concentrations  Day 1 Day 2 Day 3 (n=3)
(n=3) (n=3) (n=3)
4 mcg/ml 100.8 + 0.4 97.2+40 93.6 + 0.2 97.2+ 36
28 mcg/ml 999+ 12 94.8 £ 0.6 96.4 +2.8 96.8 £ 23
52 mcg/ml 99.2 £ 0.9 975+ 1.0 97.6 + 1.1 98.1 £ 0.9

Precision %RSD 0.4 1.9 1.2 1.2
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1NA1T19LANIN15IAUT U andrographolide AL NTY 4 mcg/mL, 28
mcg/mL wag 52 mcg/mL fag HPLC Wud1dla31ug ne 0998935 n1571A18%
(accuracy) @ suanatunn %recovery inter-day A1 97.2 + 3.6, 96.8 + 2.3 uay
98.1 + 0.9 ANaU d90g1ur9 92-105% muderiimunyes AOAC guideline I
2019

NUIAULUUEIV09ITNTAAS189 (precision) wanaumi %RSD fe 0.4, 1.9
wag 1.2 Twiud 1 83 3 mua1su tagAlaas %RSD inter-day fe 1.2 fedlAtounin

2 pnufismunly
4.4 Limit of detection and limit of quantitation

ATTAIUIUMT limit of detection wag limit of quantitation YIlAEAITAIUIU

NGNS
LOD = 3.30/s
dlo 0 fio damﬁmwummgm%ﬂ Heyaod
s A ANTUYRINT VLAY
LOD = 3.3 (7326.95538)/46005 = 0.5256 mcg
NSAUINMIAT limit of quantitation YIlAENSANUINAINGAS
LOQ = 100/s
dle 0 fe dudenuuannsgruvesdngio
s A9 ANUTUVBINTINUIATZIU
LOQ = 10 (7326.95538/46005) = 1.5927 mcg

limit of detection (LOD) #1894 A1AIMLTUTUAIZAT @111500 53270
andrographolide 1a T@ 119 1A U 0.5256 mcg Wag limit of quantitation (LOQ)
M8 A1AUTNTUANGATNAINTAIATIEYINUTUNA andrographolide e A

WU 1.5926 mcg
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5. Ms5aAszvNsinzanelasingldin3es Infrared spectroscopy

)

HO™™" o

H O\\\\w \\‘Q‘
HOH,C'

JUN AN 4.9 uanslassasnanaaiives andrographolide

-OH stretching C-H /' :

5UNW7 4.10 wana IR spectrum laansaimganslas

310 IR spectrum 7l wavenumber 1724 cm™ ugng C=0 stretching waedl 1030
cm! wans C-O stretching Fuduewrusznouves lactone ring Tu andrographolide
uanaNIUs Al wavenumber 3295 cm wansliiiudnuaizaas —OH stretching
Tulpseasna

6. N15t88an model

N158379 PLS-R model mﬂﬁﬁlayja IR spectrum ¥ilaglusunss Unscambler X
Tngileteyaunaslulusunsuazyinnisiinsgy PCA uazyinnsuusngudegg
poniducalibration set §1u2u 30 sample Lay validation set §1u7U 20 sample
Tneld Kennard-stone Tun1sdangy anniu calibration set Tinsgviuanazairadu
PLSR model uagi1 validation set 1UTiAs1g% 1 1US U1 andrographolide 310
Tunaiiadaiu wazoyaly pretreatment 35 1% derivative, 2™ derivative,

smoothing, SNV, baseline correction wag normalize Hafilananslun131s
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AT 5 LanIAfIlaan model waazallanaiainnisvin pretreatment A835n13

M99
Pretreatment Range (cm™) factor R* model | R’pearson RMSEP bias
Original 4000-525 3 0.9420 0.9367 3.5237 0.0497
1 * derivative 4000-525 3 0.9953 0.8448 13.6965 1.1420
2 ™ derivative 4000-525 3 0.9961 NA 15.1932 -0.7684
Smoothing 4000-525 4 0.9622 0.9287 3.5588 0.0902
SNV 4000-525 6 0.9893 0.8991 5.3963 -0.7808
Normalize 4000-525 3 0.9467 0.9356 3.6599 -0.1090
Baseline correction 4000-525 q 0.9557 0.9449 3.5377 -0.1657
Baseline correction 661.4641-2354.176 3 0.9554 0.9964 3.7681 -0.4354
Baseline 661.4641-2354.176 3 0.9465 0.9491 3.8786 -0.4175
correction 2797.723-3005.515
3148.222-3417.243
Baseline correction 661.4641-3417.243 3 0.9422 0.9598 3.7808 -0.3382
Baseline correction 4000-525 NOT E10, 3 0.9420 0.9398 4.0897 -0.0425
E6
Baseline correction 4000-525 NOT E10_2 4 0.9568 0.9515 3.7665 -0.3261
X-loadings
0.04 4
0.03 1

0.02 4

0.01

Factor-4

-0.01

-0.02
-0.03 |8

-0.04

-0.05
649.8933 999.91 1307.5 1619.43 1958.84 2291.5 2610.18 2940.43 3279.84 3612.5 3924.43
X-Variables (Factor-4) (0%, 1%)

sUN N 4.11 wansgasvesteyaiiugadanainnsidenlae Jackknife Adnsunluldly

19 pretreatment &35 baseline correction

1NNT pretreatment A1835 1 derivative, 2™ derivative, smoothing, SNV,
baseline correction ta¥ normalize i 8Wa151AT R? pearson, R?, RSEP, RMSEP,
bias waz factor YasuaazlualnaudInuIlunai A aai szidontdiunldaenis

pretreatment 71875 baseline correction 1ilasa1nlutnaillial R? pearson ﬁqqﬁam
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A 0.9449 uaz R? model ¥1nN11 0.9 59UDIGTIUAT bias, RSEP, RMSEP #itioy faliu
MeITedndenlilunaiilaainns pretreatment Mae35 baseline correction

Wleg3d81d0nT8 baseline correction Fstilamailunyisnisiagihlvluaaanuise
MunAlakiugungWulaen1siaenenIzuNY1ae9 wavenumber 11a319luna
vyl Tng¥9v0e wavenumber Mmsidenazuantaglunisnan 5

dlofiansandn R? pearson, R%, RSEP, RMSEP, bias wae factor 703usazluainaus
wuIlmadildainnisidontas wavenumber wa4 baseline correction model faugns
Tum31991 4 Wik R? pearson qasﬁumm’hmiﬁ’l baseline correction wuulsiideantdis
wavenumber Lm'Lﬁ'aamﬂ%’agaﬁlﬁﬁmmﬂmif\i"ﬁm%aﬁa wavenumber LEIU9YI

Ya o =

wihriiwinlilinsauaquaAisiue Aeugidedaden baseline correction model wuy

Y

lalidana19 wavenumber

7. M5A518%UIUETS andrographolide lnaldnaiia FTIR s

chemometrics

7.1 dnwazalansuvey andrographolide Waianaeiaios FTIR

'gﬂmwﬁ 4.12 IR spectum ¥84 andrographolide 9ndeya original Inewuady 3 ngu
AUAUTUTY  AIaARTUEUATRY L9 waziden A 2.169-4.944,
4.944-7.720 way 7.720-10.495 %w/w AINERU



30

gﬂm‘wﬁ 4.13 IR spectum ¥®89 andrographolide 910 baseline correction
pretreatment Tnsutadu 3 nduauanuidutu Suanaduduii
HU LAY hasled Ao 2.169 -4.944, 4.944-7.720 wag 7.720-10.495
%W/W AIUAINU

[y 1

7.2 MIWATIERRIAUTENOUAALAIY Principle Component Analysis (PCA)

o

Scores Seores

0 o 100 150 200 250
PC-1 (88%)

sUn7 4.14 nrsdangudoya original :MNN153ATI8 PCA Tuguuuy
2 4@ uay 3 17 Ay

Scores Scores

PC-2 (0%}

60D 500 400 300 200 100 O 100 200 300 400 500
FC-1 (89%)

sUAMAN 4.15 M3dangudayan pretreatment ¢e35 baseline correction 91AN13
WA PCA Tuguuuu 2 3@ uag 3 3R audwiy
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8. N13MIFUANNUYNABIVRITINTAIATYlRe Einatia FTIR Sauiu

chemometrics
8.1 anuduiusesadudunss (linearity)

linearity 9¢Wa1504191nA1 correlation coefficient (1) 984 validation set Il
AN RZ WU 0.9449 wadlen r wiiiu 0.9721 wansimaududud predict 16an
PLSR model 484ng3i29819nd3 validation set fuA1amidududiusiasaainis
1ATIFI B9RERNTUINAT correlation coefficient () Asidlng 1.0 tievsuen
T Ratulianududussadlofisuiuituangu

linearity
12
. R? = 0.9449 e %o .
= 09721 o
8 0 e @

ee

Predicted Conc(%w/w)

0 2 4 6 8 10 12

Reference Conc (%w/w)

'gﬂmwﬂ 4.16 LansAn correlation NlAA1NNNT pretreatment ¢e3s baseline

correction
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~ I Ay Yo . .
A1519% 6 LanIALgATUIIMN linearity

Predicted Reference
2.615768 2.169075
2.489175 2.240745
1.070307 2.213516
1.917723 2.209888
3.603598 3.100596
3.270412 3.109624
3.78735 3.096516
5.976295 5.851747
6.151753 5.829247
8.047758 8.89387

7.964489 8.139498
8.902031 8.175892
9.206451 8.415555
8.473055 8.020072
8.458178 10.27504
8.820818 10.28455
9.428759 9.963253
9.398397 10.4873

10.31384 9.860502
9.600073 10.47275

8.2 ANUYNABIVBIITIATIEN (accuracy)

fuan linearity regression Seninsanaudududl predict IdfusuAaIy
dutudiuvia3annnisinasgiuaindieg1engy validation set $1uru 10 #aog1a Tag
Foslidarundosiu 95 % veq slope Afex 1.0 Usuanariugniesosisiinamiiu
Weulatiuisunsgu
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ﬁﬂﬁuﬁ Reference Prediction % Recovery
1 2.2407 2.4892 111.0869
2 2.2099 1.9177 86.7792
3 3.1096 3.2704 105.1707
4 5.8517 59763 102.1284
5 5.8292 6.1518 105.5325
6 8.1395 7.9645 97.8499
7 8.0201 8.4731 105.6481
8 10.2750 9.3984 91.4682
9 10.2750 10.3138 100.3776
10 10.2750 9.6001 93.4310

M19197 8 ANOVA

N1T37897UA1 accuracy = (Slope (+ 95% ClI)) = 0.9391 (0.8427-1.0356)

ANOVA
Significance
df SS MS F F

Regression 1 85.1217687 85.1217687 503.912455 1.6412E-08

Residual 8 1.35137392  0.16892174

Total 9 86.4731426

Standard
Coefficients Error t Stat P-value Lower 95% Upper 95% Lower 95.0%
Intercept 0.3359932 0.30603359 1.0978965 0.30419187 -0.3697215 1.04170792 -0.369721515
X Variable 1 0.93913773 0.04183615 22.4479944 1.6412E-08 0.84266339 1.03561207 0.842663389

8.3 AALNULIVDIIDUATIZI (precision)

W919847910 %RSD lmeazu1A1 reference concentration Wag prediction

concentration U84 validation set 9UUA 6 AT YBINITIATIEN LNDUINIAIUINN

%recovery WagAUIN %RSD NalALanInInis199 9
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AN5197 9 wansA NNl lUN1SAWINL % RSD

ﬁﬂﬁuﬁ Reference Prediction %Recovery
1 3.1096 3.2704 105.1707
2 5.8518 59763 102.1284
3 5.8292 6.1518 105.5325
a4 8.1759 8.9020 108.8815
5 8.4156 9.2065 109.3980
6 8.0201 8.4731 105.6481

Uil 96RSD Wit 2.52 % antiufuinma HorRat Tneldgnadsdl
HorRatr = RSDr (found, %)/RSDr (calculated, %)

dlorwanen HorRat waanuindaegf 1.3 Jadareglugae 0.5-2 Fuduyaed
gansulanuinmualy AOAC guideline U 2019 aetudstioilumaifiniuudugn

8.4 Root mean squared error of prediction (RMSEP)

91NN157TLAS18W U1U5 urae andrographolide A 2875015149 infrared
spectroscopy 32UAU chemometrics A18735 baseline correction pretreatment i

il Latent Factor = 4 muiailar1 RMSEP 9ngnslarvindu 3.54 %

RMSEP = iz(§>i_>/i,ref)2

wWia N = IUIUAIDEI9YDY validation set

A

Y.

- USuae Andrographolide fildnnluna

Y. o = UFu1au Andrographolide 21135 reference
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M1599 10 wanadoyaiiunl¥Aiuins RMSEP

a19uN Reference Prediction
1 2.1692 2.6158
2 2.2407 2.4892
3 2.2135 1.0703
4 2.2099 1.9177
5 3.1006 3.6036
6 3.1096 3.2704
7 3.0965 3.7874
8 5.8517 5.9763
9 5.8292 6.1518
10 8.8939 8.0478
11 8.1395 7.9645
12 8.1759 8.9020
13 8.4156 9.2065
14 8.0201 8.4731
15 10.2750 8.4582
16 10.2846 8.8208
17 9.9633 9.4288
18 10.4873 9.3984
19 9.8605 10.3138
20 10.4728 9.6001

INNFHAUIIENTIATIERieUSINa andrographolide lunstvnzanelas
A1835n151Y FTIR $3ufiu chemometrics ¥fia PLSR wWiguiiguiuisn1sunsgiu fe
HPLC Tmen13W19 038910 IR spectrum 41@314 PLS-R model lagldlusunsy
Unscambler X iilthdoyauaslulusunsuazyinnisiiasest PCA uazyinnisuvsngy
feg1geantdu calibration set 91U3U 30 sample ag validation set §1u2u 20
sample 1ngl4 Kennard-stone Tunsdangy a1ntuth calibration set 1A 1zsina
wazasna.du PLSR model wagi validation set luiiasigsinusana andrographolide
Mnlapafiadietu waztdayaly pretreatment Me35 1% derivative, 2™ derivative,
smoothing, SNV, baseline correction Wag normalize Wudﬂmmaﬁﬁﬁqmﬁdumamﬁ
91ANT pretreatment A18735 baseline correction LLazmﬂﬂ’l'ﬁ@li’;ﬁlaaum’mgﬂﬁaﬂ
2035 TWA T U auduiusesnaduidunse a1 R? windu 0.9449 uag r
Wi 0. 9721 Fawansineanududuil predict tanlunafiadietu Sanuduiug
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Judunsatuaiaududy reference aninaiia HPLC, Augneieswedisiingizi

a

Ay linearity regression 5¥r39A1AUdNTUT predict TdRufuArAILddY
wi3eanisunsgiulaedesdiaininudedu +95 % ved slope ATaN 1.0 WUTIAN
accuracy A9 (Slope ( + 95% CI)) Winfiu 0.9391 (0.8427-1.0356) wandliiuiniedes
Alaifianuuane1eg 1 lidudAyneata wanedlunalnugnAearasisnIsTiAT e
deieunuis HPLC, mnandlugueeisatnsiey & %RSD Wiy 2.52 % waziian
HorRat 1.3 Faeflutnausifl AOAC guideline Awug FouFwandiiiuinlinaiinon
wiiug wave1 RMSEP vaslumadlen 3.54% axiiuldinlunaiidefinnains fadus

asUlainlumanimuduintuianugndes wlud uazanunsathluldlaes
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unil 5
#5UNan1539Y

HANIFITUNITNAILILATATIVADUAINUYNA 0998935 IATIENMIUTU AT
andrographolide Tunsfmganelasaieinaia FTIR A3ugiuni1sly chemometric %iln
PLSR lun1siasigyt laeTnsfiimuntuldinmansasouarugnioswesisinsegi 3
Usenousieg anuduiuseg1adudunse (linearity), A1uQNA 039039353105 12%
(accuracy), ALK UEIUBII5ILATIEI (precision) Lag root mean squared error of
prediction (RMSEP)

N15RSI9EBULNANWAIYRININMzaielas (Identification)

NANISASIFDULDNANEAVDINININZAN81AT raw material WiaNAABUN I
method A @15a2a18 U8 suLT UALIILAY WALNAADUA I8 method B @15azane
Wa suwdudivasuduid aaite1uld 10 uri Fadulusiuinaueiyi Thai Herbal
Pharmacopoeia 2017 fuuaxaN13ATIIdULRNANvalvaInainatelasiuwauyai

Ao Y 44' ) a & a1
nraelasniivngluriawans wWennaaumaie method A a1sazatelaguudiiawng
WaTNAAaUAY method B a1sazatsiudsuidudwmdsadudianainiuly 10 uii @9

ulununausidl Thai Herbal Pharmacopoeia 2017 fviun

HANISASIVADULBNA NBAIUDY standard andrographolide W ennaeudae
method A asavarodsuiuiung uaznageuse method B asavanodsudud
wiesenduidonatsiuly 10 urdt Faduluanunaeifi Thai Herbal Pharmacopoeia
2017 fviun Feuansliifiuinansisanuedafiviumeaeudsldun nefimzanelas raw
material, mﬂ’mzmsﬂa'ﬂ,uLmﬂiuiaﬁmzmai%ﬁ'ﬁsmaiuv’famam ag standard
andrographolide thudunsiimeanelasae

WeLTauLiauan retention time 911N133AN8LATEY HPLC WU standard
andrographolide ﬁﬂ"]aguiﬁ 4.430 min kagnafmzalelas raw material ﬁﬁhagujﬁ 4.430
min WAy wansliviuanluresiimeanslas raw material Mimnull andrographolide
< 13
Wuesndsznau



38

¥ aa a L3
N13ATIEDUAINUYNABIVBIITNITIAINCK HPLC

AT NNIZVOIIDIATIZY (specificity) NaT8IAT p two tail MU 0.86 Tl
AN11ANT1 0.01 1AM 99% wanaliiliiuinan retention time ¥4 standard

a o

andrographolide Wag sample lifipuuanatsiuegedidedaey

AMUFLNUSIT A UR SanazANUNTUldNAdeU (linearity and range) AT
fed1lng 1 (21) IngAn rveq standard andrographolide 7d%33A31UL TN URE T
10.02-300.60 mcg/ml wirAu 0.9999

AUYNABIVDIITTATIEN (accuracy) ¥4 %recovery ﬁaam%’ulﬁaqﬁ 92-
105% (21) 91nn153AUsHI0 andrographolide fieuidiudy ¢ meg/ml, 28 mcg/ml
way 52 mcg/ml oA %recovery inter-day 97.2 + 3.6, 96.8 + 2.3 lag 98.1 + 0.9

ANUEIRNY FINUNUTLINTFIUTIINUA

AMNLLIUEIIDIIDAATIEI (precision) U39 %RSD NwausularatoyIn 2% (21)
1A8AY %RSD intra-day vosiudl 1, Tuil 2 waziuil 3 Ao 0.4, 1.9, uag 1.2 Aua1Ay
WAz %RSD inter-day TAWVNAU 1.2 FINIANUARUNANLINTFIUINUA

USnausngaiinsaanuls (limit of detention) Ae 0.5256 mcg/ml Utnasnge
finsrataludeuianald (imit of quantitation) fe 1.5926 mcg/ml

NIRTIAABUAINYNABIVDITNITIATIEY tneldimatia chemometric $aufiu FTIR

Auduusegadudunss (linearity) fiAn correlation coefficient aa4lana

Wiy 0. 9678 FailAunnnin 0.9 Feuansliiiuinlanadl linearity

AUYNABIVBIITIATIYI (accuracy) AUl linearity regression 581371961
AMULTNTUN predict LARUAUAIMMUTHTUARAATINITUNIFIUIAEA Bl AR
LWoilu 95 % 1949 slope ATBN 1.0 WU1IAT accuracy A (Slope (+ 95% CI) LAy

0.9391 (0.8427-1.0356) uandlimiuimsdesalifinunnaisegsidedagynsada

uanalimaiimugnAeweliNTleTIEiillaieuiuis HPLC

AALLLE1V09ITIATIEN (precision) T3¢ %RSD Twausuldfetiosdn 2% (21)
Tnenadiléfian 9%RSD ogfl 2.52% Ganmin 2% Fetusfinismen HorRat waglddnfo
1.3 Fadinaglutng 0.5-2 nudiinasives AOAC guideline T 2019 fwun Fetulainadl
Jalanuusiudilunisinung
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Root mean square error of prediction (RMSEP) A1 RMSEP 7 fusasldain

a1

gns AANniU 3.54 %
UDlAUDUUY

1INNSNABBINUINITIATIZNN N AU TULNT A UAINTa NI TAIIUS U uans
andrographolide Tuwsimzanelaslaageduszd@nsnin 1H0991nN15ATI9d@0UAI

9NABIYBNITIATIEVHILYNITITD

L.LﬁiéhaéhEﬁ%mﬁLﬂi’wﬁiﬁumiﬁﬁagam pretreatment fEAFN1TA9LHY
1t derivative, 2" derivative, smoothing, SNV, normalize Wa¢ baseline correction
\eatunauieyiniy Sriuiowauiimsinseilans s@uluisnisiiedlaan
In1sidfiaaly pretreatment Frdeanseng o fafildnanlusnads enluaw

[

alunNsyNuUIeNAD T
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WUUNBFHIIBIUNITRY
F18UaTUN5EU
TasensAdedssiansulssinautuneldausndvaans uninendeugnn
UseanUaUUsEUIn W.A. 2564 UNIAINLIRBYTA
Yolazanis

nsUssendldinadia FTIR sauiu wlnuesnddniviwmsendsinaweulansmelanlunsih
neanglas

o/ o/

YoiantilATINTITERTUNY NeY.0.ATNVIENT AU

9

31891UTUYNAWAIUN 25 NINNIAN W.A.2564 D93UN 30 AR W.6.2565

F3ELIAANUUNIT 8 Whpu 5 Ju AeIun 25 NIngIAu W.A.2564

585U
SuuRUlEsU (100%) 15,000 U Hiaduf 21 uns1AL W.A.2564

518318
57905 auUszanaudissld | suuseanaiildass | Srunutuaavide/iiu
ANENSLALl 9,000 9,000 0
1.Methanol HPLC grade
2.Acetronitrle HPLC grade
3.Acetone HPLC grade
4. Aluminium foil
AdRYIgUALT 891U 1,000 1,000 0

A7 aqqﬂﬂsmauﬂ 1,500 1,500 0

AUaLmes 500 500 0
ANAUNNG 3,000 3,000 0
34 15,000 15,000 0

NRYATNVBNT AL
919715971U3Nw1lATI9UITY
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