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Abstract

Introduction and Objective: Astragalin, a flavonoid found in drumstick tree leaves (Moringa oleifera
Lam., Moringaceae family), exhibits various biological activities, including anti-inflammatory and antioxidative
effects and the ability to lower blood sugar levels. This herb has traditionally been used for medicinal purposes
and in developing health products. However, there is currently no specification for the active marker content in
this plant. This study aimed to develop an analytical method to quantify astragalin content in ethanolic extracts of
drumstick tree leaves using high-performance thin-layer chromatography (HPTLC).

Methods: The development and validation were performed by weighing 100 mg of drumstick leave-ethanolic
extract and dissolved in 25.0 mL of methanol. Subsequently, 1 pL of the solution was applied to the HPTLC plate
coated with Silica gel GF254 utilizing an autosampler. The mobile phase consisted of ethyl acetate, glacial acetic
acid, formic acid, and water in a ratio of 20:1:1:2 (v/v/v/v). The developed plate was examined under UV366 nm
after being sprayed with NP/PEG solutions, and astragalin content was quantitatively analyzed using a densitometer.

Results: This method was validated by establishing linearity for astragalin concentrations ranging from
1.96 to 11.76 pg/mL, yielding a determination correlation coefficient (r) of 0.9996. The accuracy of astragalin
ranged from 97.75% to 99.49%, while the precision (%RSD) ranged from 0.22% to 0.45%. The limits of detection
and quantification were determined to be 0.313 and 1.045 pg/mL, respectively. Quantitative analysis of astragalin
in 12 leave-ethanolic extracts revealed an astragalin content of 0.06 = % (w/w).

Discussion: The recently developed analytical method offers several advantages, including rapidity achieved
through the simultaneous observation of multiple samples. It is also cost-effective, as the HPTLC plate employed as
the stationary phase is more affordable than traditional high-performance liquid chromatography (HPLC) columns.

Furthermore, this method is environmentally sustainable and safe, utilizing a reduced volume of mobile phase.
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Notably, the newly established method incorporates a lower acid concentration in the mobile phase than previously

reported techniques. Consequently, HPTLC has been utilized to establish a method for quantification of astragalin

in the ethanolic extract of drumstick tree leaves.

Conclusion and Recommendation: This newly developed method is suitable and cost-effective for analyz-

ing astragalin content in drumstick leave ethanolic extracts. The validation of the astragalin determination method

in drumstick leaves using HPTLC has been successfully established and could be used to analyze astragalin content

in drumstick tree leave extracts. Appropriate specifications for astragalin content in drumstick tree leave extract

could be established.

Key words: drumstick tree, Moringa oleifera Lam. leave, astragalin, high-performance thin layer chro-
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Figure 1 Chemical structure of astragalin
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ez hRFﬁmmzama@ astragalin luansaay
FhothsanIaiayuaaaN lUNYH

2.3 MSIeHUIN0L astragalin TS
aﬁ'mamuaamn‘lnuz@u

2.3.1 MIERUNFITALAILUIDL 19T
SALOYUAINN laz

Yrsaam lws lusyan $119% 50 N

NERAEEMUaalaeABINaNS wah lssme
Slﬁﬁqﬁwazamaaﬂﬁ’gm@‘%‘aaimaqmqﬁmﬂﬁ
aampd 45°C ldasaiaamusaanlunzga
azmamsaﬁmamuaamﬁiumgm swnin
100 Jadnu aluemuaalaclSulSaseie
LOYNUDRAUATY 25.0 Haddas lavldaaauin
Sa15a1aT teTaraadieteaTaian e
lAenesdeesaslassnlnnndeia g
FNTIOULEY

BATLALUSHA astragalin MAGBENS
nTaieluszgn S 12 Saths GaeAsTivem
I Inefusiarshaeng ot 3 91 udrhanm
FMinay (Mean)

eI IE T TIZ
Tushathssnasiaemussaniunzgy (Souas
I@aﬁmﬁﬂé”aaa'mmiaﬁ“@Lamuaamﬂslum:;;q,

% W/w)

CO (ug/mL) X Y3ane17Ie3es (mL) X 3¥AULR19 X 100

CS (% w/w) =

1,000,000 X 1htkNenes (g)

Wa Co @e mmwﬁu%’ma@miﬁ‘iL@mgﬁﬁéwu’;mvlﬁmﬁmw\lmmgm

Cs A Bnndauarlaenhmiinaasans astragalin luaaafinnzgs

NaMSANE

1. mMsnanIsatasIgrlsina astragalin
luasanaemusannlungsy

1.1 msfAnwnaniazaasszuulasanln-
s

NAINNINFTALAIUFITHIATTINDY as-
tragalin WATEITALANLENTATOLDYIUOAAIN b

N lWAlensiaaueiaslassnnnafedie

NILIENTIOULES WUIDANFIUFIUNTNVDI
fvharaeAvh IMAnMILnaTIAe Lavmany
axlunTuanans astragalin Aotafiaas@ien,
6a A Aa Y@
nIeWasin, NIAuNaBuaLaTEN Lwazhndu Tu
NI 20:1:1:2 (Figure 3)
1.2 nsAnwIranasdadiuigaia
4
wrRaun
Igaatafeudl wuFaEIUIDIINNA

A A o v I3 a
Lﬂaau‘l/m'ﬂ‘ﬁﬁ'ﬁLLEJﬁBG@‘]JiEﬁBlJ‘Vn\‘] LANYDINT
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Maﬁazm&Jaﬁaﬁ@Lawmaamﬁslumqm,awh Wfiaesdian:nIenasanNIALNALTLALIZAN:
AR, AWiNNEENTDI astragalin MASTASAUET  WINdW MSemaImw 20:1:1:2 (v/v/v/v) (Figure 3)

N Lawmaamﬁsl,umw M9 TR UNENVDS

Figure 3 Chromatogram of standard astragalin (Track 1) and samples (Track 2, 3, 4, 5 and 6) after deriva-
tized with NP/PEG solution and observed under UV 366 nm. The plate was developed with n-butanol,
glacial acetic acid and distilled water in a ratio of 6: 3: 1 (v/v/v) and ethyl acetate, formic acid,
glacial acetic acid and distilled water in a ratio of 20: 1: 1: 2 (v/v/v/v) in system1 and system 2,

respectively.

2. MINATOUANNYNADIVBNITIATIEH astragalinuaziud ldie nuhenudaduas

@ % . ATAYANEIENTHIGITW astragalin TN LSRR
2.1 MInasFaUANNTHLEWATILALTIIMST e

- ¢ Snwnuedudunss Tugesanudndu 1.96-11.76
Iaaeh

I3
. . vLJxIIﬂ’iﬂ’iZH/Naaa@ﬁ I@ Hﬁﬂ?ﬁNﬂ?SﬁWﬁﬁﬂﬂNW%‘%
mﬂﬁﬁWNWﬁgW% (calibration curve)

. . (1) wihnU 0.9996 (Figure 4)
’35‘1/1’31&@’313\1L%Nﬂl%%a\‘]ﬂﬁ’iasaﬁHﬂ?i&ﬂ@ﬁjﬁ%
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Figure 4 Calibration curve of astragalin concentration range of 1.96-11.76 ug/mL
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2.2 NMSNAFAUSDYATUDINITABNALLAL

o
ANLTILS

WadnaIaeamumIaNaIgIu astragalin 7
syduaMAENTUeNS ©] U 3 FraTEFUMILE
U LEMNLATIZRGIBENY unspiked sample WU
L A A ) | o o
NHYINW astragalin NNy 1.1474 VLSJI@’:TTT:TS\I/

a an a [~ )% 9: o
Na9ae7 (Aalusnuay 0.0284 I@mm‘muﬂ)

MsAUIA

Sample blank fAeeAle HU5mmaNN

(C,-C,) x 100
% recovery = ——m———
Cy

NTLAUANND NG

[ Aa

Wadurnsuasnmawads 1.1474 lalasnsay
HadaeT (LqunguﬁsLé’ﬁmaaLLaamwmﬁuﬁ
ANy MNFNMTEUNTI y = 0.0012x + 0.0013 A%
&eh x @n PBsnasemnsdsdiaasieammmand
Fvanule

AN NI uraIwaaIIN1Anln sample
blank (% w/w) Lo aﬁmﬁﬂﬁﬂaaaﬁaﬁﬂum@d

WU (1.1474 pg/mL) X (25 mL) X 1 X 100/
ﬁmﬁnmﬁaﬁ’@%mm 0.1010 ug /1,000,000 =

0.0284% w/w

Aa

C, f enudNTupeIanT L spiked sample Wity 1.4380 lalasnSu/fiadaes

C, P enuENTuBDIENTL sample blank Wiy 1.1474 lulasnsn/Aadans

C, Ao emnNdNIuaIE &N Wiy 0.3015 lasnSu/Aaddes

% recovery = (1.4380-1.1474) X 100/0.3015
=96.38

FleAemsisysiuay 3 9 Sediay 2 o ay
16 % recovery = 97.75 + 1.50 W % RSD = 1.54
TniifenfumaennmSasaransmsaundu
SYAUANMINTUIEFUNANUAYIEAUG A
WSlauFUTUTEF AN T U ueazeai
NIz C, LAz C, WATWANITIATIYA spiked
sample WUI50LAYIDINITAUNALIDIFAT as-

tragalin agflugnsdaeay 97.75-99.49 (Table 1)

ﬂ’li‘l/lﬂﬁﬂ‘].lﬂ’)']ulﬁﬂﬂ

ﬂﬁ%@maummﬁ 84 (repeatability) &g in-
termediate precision, between-day leeSaaeh
USannkans astragalin Wénatsssazaieans
aﬁmamuaamﬁhmﬁ;u $1um 6 1 shenwae
LLa::@hLﬁmmummimmmm%asa:;a"amﬁm
UGS IUTNANS (%RSD) wud Aendawas
E{'amﬁ&mmummﬁmﬁmﬁwﬁ (%RSD) Wiy

o818z 0.22 WAL 0.45 MNAGU (Table 2)
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Table 1 Results of percentage recovery and repeatability.

Analyzed Sample Spike level Spike Astragalin content %Recovery %RSD
substance blank (%)  concentration (ug/mL) Mean +SD (n=6)
(ug/mL) (ug/mL) Theoretical ~ Found (n=6)
(Average)
50 0.1508 1.2982 1.2690 97.75 £ 1.50 1.54
Astragalin 1.1474 100 0.3015 1.4489 1.4415 99.49 £ 1.59 1.60
150 0.6300 1.7774 1.7477 98.33+£0.88 0.89

%Recovery acceptance criteria according to AOAC Peer-verified methods program on policies and procedures,

Arlington, VA, USA (1998) is 95-105%

Table 2 Results of repeatability (%RSD) and intermediate precision (%RSD).

Analyzed substance Repeatability Intermediate precision
(n=6) between days (n = 6)
Astragalin Mean S.D. Mean S.D.
5.0798 0.0133 5.3177 0.0232
% RSD 0.22 0.45

2.3 NM15N0FaUEAINNAVBINITATIANY AMUIWANA 307S thag 1007/S I@]EI WU LOD

A 1w

(limit of detection; LOD) waz@iad1Na2asm1s  uay LOQ 204mMIATIwH astragalin Sewhiy
1310w (limit of quantitation; LOQ) 0.313 way 1.045 lulasnsSusiafiaddas (Eain
PNNINAGTTIUSENTIMATANTADY  0.313 1ag 1.045 ng/band) MNAGL

MITATIANL LALDAINNAVRINITMIUSIIU I(ﬂ il

MIMWIAUIZaNua89 LOD lay LOQ ’Q’lﬂﬂi'ﬁ/\l&l’]@ﬁj’]%

LOD (ug/mL), @uszanw = 3xX O /S

1oe O = 0.000126 Uag S = 0.001206

LOD (ug/mL), filszanms (3 X 0.000126)/0.001206 = 0.313 ug/mL

LOD (ug/mL) x U3:e3%eiad (mL) X 5¢9UIRaa19 X 100

LOD (% w/w), miaesnns = -
1,000,000 X ¥NnUNGIDENI (Ug)

= 0.313 X 25 X 1 X 100/1,000,000/0.1010
= 0.008
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WU LOD 209mI3ATe astragalin whifuSaeas 0.008 loehwiingasssariaamuaaann b

HegN (Table 3)

LOQ (ug/mL), Msganns = 10 X 0/S

Toel o = 0.000126 Hay S 0.001206

LOQ (ug/mL), Mmazanme = (10 X 0.000126)/0.001206

1.045 ug/mL

LOD (ug/mL) X U3snaisfilezes (mL) X S¢aURna1e X 100

LOQ (% w/w), eIz = -
1,000,000 X ¥ARNEIDENS (ug)

= 1.0456 X 25 X 1 X 100/1,000,000/0.1010
= 0.026

WU21 LOQ 224M153baTIER astragalin spiked sample 3§d Astragalin ﬁ’isé"]_lﬂ’l’lm%\l
whiu%esay 0.026 loenhwiinuassnsaaam-  sufifdadfnvasmemSunns (LOQ) AT
uaamﬂi‘umq;q 1330w astragalin El‘u, spiked sample I@ 2vinmMT

MIeFOLR DU UNATANAATEINTI  MARBd 6 91 LEF ISR AL IMTAUNAL
1153104 (limit of quantitation: LOQ) aeil un-

(C,-C,) x100

% recovery =
Cs

Fenudaduans LOQ whitu 1.045 lalasnSa/fiadang

C, fn anuENTunIET b spiked sample WL 1.2256 b laanSn/Aaaans
C, 0 anuENTUInIET I sample blank WU 1.1474 (lesnSu/fiadaes
C, @8 AN YaIEnITLAN whity 0.0804 lalean/Radans

% recovery = (1.2256-1.1474) X 100/0.0804 = 97.33

WU S8ATMTAUNALYRY astragalin 1526 recovery) LasAANNIeN (% RSD) Wil 97.84 +

ANNANDYINAUAN LOQ H3088emMIAUNAL (% 1.92 ey 1.97 MNa6U (Table 4)
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Table 3 Results of limit of detection

Analyzed substances Spiked sample LOD % Recovery of % Recovery of % RSD
(ug/mL) (% w/w) LOD LOD
(n=6) (Mean = S.D.)

Astragalin 0.0284 0.008 104.93 102.65 +4.14 4.04
98.09
101.51
98.09
108.35
104.93

Table 4 Results of limit of quantitation

Analyzed substances Spiked sample LOQ % Recovery of % Recovery of % RSD
(ug/mL) (% w/w) LoQ LOQ
(n=86) (Mean = SD)
Astragalin 0.0804 0.026 97.33 97.84 + 1.92 1.97
98.36
95.27
100.41
96.30
99.38
2.4 MSNAFIVANHI NG LUNET astragalin LazadRUsenauymaaiivns

ANMINUAITALAEFITNIATTIUURY m'ﬂuﬂﬁasmﬁmiﬂﬁmLamuaamﬂel,umqmaaﬂ
aﬁagmaaﬁaﬁmawmaamﬁslumqm WU kel loefien AR, waewhiu 56 (Figure 5)

> = a Ao X
sL(ﬂﬁﬂ']’]EI@?N']I‘VmT]WN’]‘].I'NV]W@&I%’]?J% BRENIRR

Figure 5 Chromatogram of 12 samples of Drumstick tree leave extract solutions (tracks 7-12and 13 - 18)
compared with standard astragalin 6 concentrations (tracks 1 — 6). The samples were examined under

ultraviolet light at 366 nm after spraying with NP/PEG solution.
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3. myhanzHisina astragalin luasana
mmuaamﬂslnu $§N
NAMAANEALSHDM astragalin s

MIATLFITENG L@Vl'luaﬁﬂ’]ﬂsl‘]_lé\lg’i:N MU 12

109 WUINLSaos astragalin AemdsSasay
0.06 laerhmsineassnsaioemMuoaaIn sy

(Table b5)

Table 5 Astragalin contents in Drumstick tree (Moringa oleifera Lam.) leaves ethanolic extracts sample solution

by HPTLC densitometry.

Sample Sample code Sample weight The concentration of astragalin is Astragalin

() calculated from a linear equation of calibration content

curve (Ug/mL) (% w/w)
1 MOLE 1 0.1040 1.52 0.04
2 MOLE 2 0.1096 3.13 0.07
3 MOLE 3 0.1029 2.55 0.06
4 MOLE 4 0.1028 4.76 0.12
5 MOLE 5 0.1077 7.12 0.17
6 MOLE 6 0.1083 1.03 0.02
7 MOLE 7 0.1067 2.52 0.06
8 MOLE 8 0.1054 1.90 0.05
9 MOLE 9 0.1091 2.13 0.05
10 MOLE 10 0.1068 0.35 0.01
11 MOLE 11 0.1055 1.68 0.04
12 MOLE 12 0.1053 1.60 0.04
Mean 0.06

ansgma LAY astragalin ﬁmw%tﬂuaﬁéﬁuawsﬂaﬁmmmg

Tusggnfuasulnsfddnummwidandiaed
upziitaelumiviaduenuazfundadusigunm
oM A o ™~ o v A fye o
ugidis lsifmermue Ranasnssnéayie [Fdmsy
ALRuamWENUL NI Snuammadnmm

6
WOnARLAEEMEM BN WUhEIET s lU
a X ~ A \ Lo o
NzaNEnMDITaMWhEw R W qBtiugams
Y I3 G oy £ 9
usdhrasaanzSIan ld arsdamssaeludin
€ U 2
Toerad lashaannviyam anddhusanGied ol

MIINELR LN U09am §31 isoquercetin

UM ITNELYNIONURINTE LATAT N UNENTS
ﬁﬂmmiﬁ,mﬁiﬁmﬂumﬁgm nuNdETUsEnay
fiehetny 3 7o Fadusmangunaluesd eun
crypto-chlorogenic acid isoquercetin e
astragalin

TumsWan3sanneiLsanmans astraga-
hniuaﬁaﬁ’@wLammaamﬂsl,umﬁ;ué’aa%%Imme
ﬂiﬁﬂ“ﬁﬁ@ﬁ’)ﬂ?dﬂNiiﬂ%SQGﬁu Slovhansavans
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Faunawanelduas UV 366 nm nanasnis
Nwaneneninen NP/PEG #ailuihenniaing
Fumnzanzasdasanauvhhueue lngazdane
Ma3auasRiDevad astragalin bé1
AN TEULA MmN lTLan WU
DONFEIUFIUNFTNYDITIVINRZAY TIVNUDE N6
LNATLALDTAN LavtnNaw ISaTEIw 6:3:1
(V/VIV) TARNSLENa9RUsEnaUMISaRanIanT
GLuéhasmmiaﬁ@sLumqmvlé)bia Wia9ansyuy
ﬁGL%LLEmﬁmmﬁﬁﬁqqaamﬁuvlﬂ i sdisenay
o A e A 4
maeinaaudlasiasa wasldifansuand
¢ A ~AS A ,
FNYIDL UFILNORAANNNTIR Toendaemamen
ansdvhazaefuafiaas@ien naanasain N
UNATUALATAN AN IUSaTE 20:1:1:2
(V/vIVIY) WD Agyn IAOMTUENaIaLsENaUTS
WOR0983 L AnTwassENraN lWMTLaNaT
. 6 s
astragalin 8aNANNANALIZNALYNILANDY ©]
2 = 6 o 1
manesaun N leraRitieTeidnan
WUIINTININATIIUVDY astragalin Hanwousiin
2 1 L X 9
Euessluansnnadndis 1.96-11.76 tulasnsu/
o e o £ o . e
0Aaes loufem&NlseAnsandNius () whhu
0.9996 3PEALVDINTAUNSUVRIANT astragalin
og/luga93peaz 97.756-99 49 fiediavasms
ATIRANULAZAANTAYINTIOTIUSHND Wiy
0.313 tay 1.045 hlasnSuslafiadans enua Gy
MAEOUANNTE T AATILA LA LI DN
Soearaade s (%RSD) WU AmSasavai
DasunsneIudainswhiy 1.97 Mavesey
AL DD AN SDLazIRIMS
AUNSU (% recovery) WU SpeasmauNaUoy
Mﬁﬁ'aq%a 88y 95.27-100.41 USsNUa3 astragalin

Tudhathssnsafinlusza S1wam 12 6haehs fen

WwaeSaeay 0.06 I@Hﬁ?%ﬁﬂﬂ@ﬂﬁ?iﬁﬁ@iﬂﬁg§m
WU ENIReNzININMA 95 S3nos astragalin
gmﬁ'alﬁ&mﬁugﬁmﬂﬁu Tagansafioluszgaan
Joiegmgsoiara SRt Sanns Astragalin g9
f195988¢ 0.12 Uay 0.17 MNSGL UazWUN &3
afielusizgs 6 6hoehs Jt3snm astragalin G
fway lumsdnmeisioaidadiadussey
e luwms3se vl wushe e hsfihandnm
rEstienatisfunaslisnnmaiisvfiushumass
Usmer vndiasmsmvruaduenanasyulsens
Lﬁuéhaﬁ'wLﬁm@ﬂﬁmau@qmLLaszlwﬁaLmu
Tasngudhaths athslafion WouBeudieny
MTENINATTENUAN WU SRR
1%"5;]511@Lﬂﬁlauﬁﬁﬁmmﬁaa@ﬁmaﬁ%L@mgﬁ
s Wissangims ¥nsemeSin nseunaGes-
LWORAN Tanas uaNNE WU FRTRENT U
PANNAYBININTIVNLLALTANTIAVBINIT AT
Banawisnni o dadferesmanTanuuas
SaierasmaiaIEe B e TleURTIE
PNUNRTAN N OVRINTATIANLLALI AT A 2D
MITATIUITINUVRIET astragalin Ll 10.84
ag 36.13 ng/band TR afiNan T ngien
WU 0.313 LY 1.046 ng/band uananiitiasien
UsvAvBNaT I lumuen (resolution) 76 &nsnsn
LENUDLYD4 astragalin ANNLALRIENTHLE
& wonanis 3alassn InnnfiefiaAatnaaas o
goiimanawia i lUsyansuamauanas
anablumsuanasfiasn [49pmeeaoud
fouas Ipmeaguiidousu HPTLC Snegn
AHITOFUNANITIATIZA L6 luaT 1L 1
glaennlumInaieet Ao SeuisieTe

151104 astragalin MWESETALONIUDARIN LU
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Feiwanausn mduSoudeuiumsmsSano
AeAT HPLC wuihmsmuSanasans astragalin
Tulusqadneds HPLC i Sdusaumsiinmst
ek ﬂwaﬁﬁauﬁm&j@mﬂ Tnmlumsieziwm
40 Wit Spmensfideneduiimeune feiuds
Genlfirdadasnlnnfiafdafanasssous
FelumaiaisinzsitSann astragalin
SIETELYIUDAIN FINETN NNMIVAFBLANS
gnéiasmadisieneiUian astragalin e
Fu WU SRaTTRIMSAUNEUNMTIeTIES
spiked sample Deflsnusiansy (95-105%) ex
R G E ALIECIe R o Te R L e T
ganandefianumangan ssnsavh il lune
ALmeiBannuEns astragalin Wi MM
lumsenunuaamwanssduasTanaulusygs

wavanare luszgnea (116
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ns@nmitldwaniinsasatiase
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