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Abstract

Introduction and Objective: Kratom (Mitragyna speciosa) plant has been removed from the list of
controlled substances in Category 5, making it legally permissible for possession and consumption. Additionally,
kratom is now recognized for its economic value. The primary active ingredient in kratom leaves is mitragynine,
which induces pleasurable effects and provides pain relief. The objectives of this study were to develop a method
for analyzing the quantity of mitragynine in kratom leaves using ultra-high performance liquid chromatography
(UHPLC) and to test the validity of the developed analysis method.

Methods: The study was divided into three steps: developing the UHPLC method for analyzing mitragy-
nine in kratom leaves, testing the validity of the analysis method, and analyzing the quantity of mitragynine in 17
kratom leaf samples.

Results: The appropriate conditions for the analysis were using an ARC-18 stationary phase measuring 4.6
x 150 millimeters with a particle size of 2.7 micrometers and a mobile phase consisting of 0.1% ortho-phosphoric
acid in water and 0.1% ortho-phosphoric acid in acetonitrile at a flow rate of 1.0 milliliter per minute. The detection
wavelength was set at 222 nanometers, with an average retention time of 7.19 minutes. The applicability test of
the analysis method showed that the calibration curve was linear in the concentration range of 0.30-30.00 micro-
grams/milliliter, with a correlation coefficient (r) of 0.9998. The mean recovery percentage ranged from 99.72% to
100.88%, and the HORRAT values were in the range of 0.21-0.51. The precision test showed a relative standard
deviation of 0.53 for samples analyzed on the same day and 0.78 for samples analyzed over three consecutive days.
The limit of detection (LOD) was found to be 0.19 micrograms/milliliter, and the limit of quantification (LOQ) was
0.64 micrograms/milliliter. Using this developed UHPLC method for analysis, the study determined the quantity
of mitragynine in the 17 kratom leaf samples, with concentrations ranging from 0.99% to 1.89% w/w.

Discussion: The method developed for analyzing mitragynine in raw kratom leaves using UHPLC involves
the extraction of dried kratom leaves with ethanol as the solvent through the reflux method. The results of the
validity test of the analysis method were all within acceptable limits. This developed analysis method requires less
time for analysis and involves a simple, convenient, and rapid preparation of the mobile phase.

Conclusion and Recommendation: The developed UHPLC method for analyzing mitragynine in kratom
leaves was found to be accurate, precise, and suitable for determining the quantity of mitragynine in raw kratom

leaves and kratom leaf extracts. It can be used for routine analysis.

Key words: Mitragyna speciosa (Korth.) Havil., mitragynine, UHPLC
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1.1 wamiﬁﬂmmigmﬂmv"i (stationary
phase) UazipMALAAaUH (mobile phase)
1) :Jfgmﬂmﬁ
WNAN13@N®1 UHPLC chromato-
graphic fingerprint maqmiaﬁ@hmw’aaﬁ
mmmmé‘lu 222, quLNm slfsﬁ 0.1% ortho-phos-
phoric acid SLWEW bag 0.1% ortho-phosphoric
acid lu acetonitrile fiuwSpmetedaui wui
$iol¥ UHPLC column 78l ARC-18 2101 4.6
X 150 AadNas vy 2.7 tulasiaues
UHPLC chromatogram ﬁ\l@%’LLﬂ@N peak Y83
819 mitragynine ﬁ retention time 7.19 ¥

LAAMIWENDENAIN peak DUDLIITALAN bis

ausfislel¥ UHPLC column 7l ARC-8 2um
2.1 x 100 AaAlaT WNeauMa 3.0 tulasians
UHPLC chromatogram ﬁ\lﬁLLﬁﬂd peak 13813
mitragynine ﬁ retention time 6.58 W71 WGIWL
peak 1239617 mitragynine FOUNUITL peak a3
e (Figure 1)
2) iammm‘ﬁ;auﬁ

NAMIANL chromatographic fin-
gerprint PDIENTERA LNV IDNAANNEN AR
222 wilers ¥ UHPLC column %8ia ARC-18
Lﬂ%ﬁfam@mﬁ wWueUsunasuasdisznay
maﬁaﬂmmﬁauﬁmﬁﬁmm acetonitrile I@IH
3 0.1% ortho-phosphoric acid 91 11 15114 0.1%
ortho-phosphoric acid 61,%‘111 ae 0.1% ortho-
phosphoric acid GL‘H: acetonitrile @1 retention
time Y83817 mitragynine Lﬁé‘lamm 8.02 171

Wi 7.19 19 uaed peak shape 289613 mitragy-
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Figure 1 The UHPLC chromatogram of the Mitragyna speciosa leaf extract using different stationary phases,
where (A) represents the ARC-18 UHPLC column, and (B) represents the ARC-8 UHPLC column

nine 634 MILENETULALLENN peak Suneha
Fonan (Figure 2)

Femlumanann3dsiieneiUsanns mi-
tragynine 1%1Uﬁi8ﬁ@345’3&@%@& UHPLC ﬂ%ﬂ
#3a@an]¥ UHPLC column #fia ARC-18, 2940
4.6 X 150 Aafuas IWeaua 2.7 Tlasies
Lﬂu’?@]m@mﬁ % 0.1% ortho-phosphoric acid
ELWEW e 0.1% ortho-phosphoric acid GL‘LL ace-
tonitrile Whipmetnaeud

1.2 WANITENHIANNEIIARUA LT TN
M997I0d13 mitragynine

Naﬂ'ﬁﬁﬂﬂﬂ"m'ﬁ@u(ﬂﬂa%uﬁﬂ UV 283

&19 mitragynine GLumia::ammmgm mi-
tragynine LLagd13 mitragynine sLuﬁﬁﬂﬁ@GLu
nseviandee3ns UHPLC Toel¥ DAD fiueies
§59270 WUA Amax U89a1T mitragynine &
Wit 222 uae 244 Wilues (Figure 3) waviiie
AeeiEaaielunsyYian dheie3as UHPLC 9
AMNENIAAL 222 Wl TlwumaTauTiumL
U84 peak UDIFT mitragynine Huansan dot
Tunswan3sinaeiUsannens mitragynine
Tulunszvion 3aRanminsiaianmsganaues

UV 7eNena @ 222 W e
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Figure 2 Chromatographic fingerprint of Mitragyna speciosa leaf extract was obtained using different mobile

Response|mal

phases. (A) represents a mixture of water and acetonitrile, while (B) represents a combination of

0.1% ortho-phosphoric acid in water and 0.1% ortho-phosphoric acid in acetonitrile

222 nm

m

Standard sample of mitragynine

\

\\VSample of Mitragyna specigsa extract,
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Figure 3 UV spectrum of mitragynine
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1.3 wamsAnwziiavasdarhazanafiia i
MIana
NaMSENINazaIfvnasaelums
&9 lUNIEviaN Wu31dviasaie methanol
M3FNEIAENS mitragynine aoNAN WNTEVOMN
1&@nqdavinazaiy ethanol lauasarfio by
nesviendne methanol ArUTLERARAL VDA
mitragynine infy 281.24 Tanefisnsaiioly

NTeviaNeY ethanol ANUA LGRARALTDIENT

mitragynine Wiy 226.01 (Table 1) usiaenals
AnNETEIe lNIZVaNGIe methanol AR RGN
A AYIENIETA MINTEYIONGIE ethanol LaZWL
A 2 X ved ~ o
mi@mmﬁammamwﬂammwgm 25 s, meslih
nanbaitfin 2 2l Zafueznauiiasmulkaane
ﬂl g: z 757 A (%2 g; (% acda 6
WWasiaie lAm@n datinlumanNawnAsaieTe
UIame mitragynine sluslumwiamsham%aa
UHPLC @55ha980n ¥ ethanol ughviazaie

Tumsaria

Table 1 Comparing the peak area values of Mitragyna speciosa extracted using methanol and ethanol

Item Sample
1 methanol extract (30 min)
2 methanol extract (30 min)
3 ethanol extract (30 min)
4 ethanol extract (30 min)

No.

Peak area under the curve of mitragynine

281.36
281.12
226.11
225.90

1.4 WAMSENSEZATIUINZEN IS
N6
= P o
NAMTANENTL LA IF lunsaiia
lunserian wuhasatie lunszviand léainms
aiaTIszaza 30 Wil AN ldRamALTIENT
. . o -SRIy A .
mitragynine Hoan U leiNaLaALuaI81T mi-

. AV o LA
tragynine ‘Vlvl,@’iﬂﬂ‘ﬂ'ﬁﬁﬂ @Mmmas\mizmnm

45 Ay 60 W7 LasWLRUT LT e IaAE U038
mitragynine ﬁvlé’mﬂmiaﬁ@ﬁﬁwmm 45 lae
60 1171 Senlsiuanenam (Table 2) datadlums
W33 LAUS N 4eNS mitragynine Wly
nesviandeLeEas UHPLC aiah Saidenldsvey

nalunaatefissasig 45 Wl

Table 2 The peak area values of Mitragyna speciosa were extracted using ethanol at 30 minutes, 45 minutes,

and 60 minutes

Item Sample

1 ethanol extract (30 min)
ethanol extract (30 min)
ethanol extract (45 min)
ethanol extract (45 min)

ethanol extract (60 min)

o O A~ W N

ethanol extract (60 min)

No.

Peak area under the curve of mitragynine

221.65
225.47
248.25
247.17
246.17
246.28
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1.5 wanmsansnaazaasszuulasuln
ARz aaluansSaneilSann mitragy-
nine wlunsevias

NANNIANEMITIATIEAETRTAL
3N®31UYDI mitragynine wavanario lunIsvian
$rele3ns UHPLC wuanissassvuslagan
T Rfmsneaadldlunsuenas mitragy-
nine Ao MAadntintin ARC-18 21410 4.6 X 150

fadmes vneayme 2.7 laswes Wuwipme

ATazld 0.1% ortho-phosphoric acid u water
Lag 0.1% ortho-phosphoric acid SLH acetonitrile
WUL gradient 8651M19 1ia 1.0 Aadaes/anf in
o 4 4 o A 4

Snmaeaaui a3 aRaNNEIARY 222 Wl
O UINDENLINUS peak DDIFT mitragynine
fl retention time W#S 7.17-7.20 Wifl (Table
3) wardagimrasigmandaniiuuy gradient

program (Table 4)

Table 3 Presentation of the suitable chromatographic system for separating mitragynine using UHPLC

Stationary phase
Column temperature

Mobile phase

Flow rate
Detector conditions

Injection volume

UHPLC Conditions

Raptor ARC-18 column, 4.6 X 150 mm, 2.7 ym particle size

40°C

Gradient: 0.1% ortho-phosphoric acid in water and 0.1%

ortho-phosphoric acid in acetonitrile

1.0 mL/min
Monitor at 222 nm
5 uL

Table 4 Gradient conditions for mobile phase of UHPLC

Time Flow 0.1% ortho—phosphoric acid 0.1% ortho—phosphoric acid in
(min) (ml/min) in water (%A) acetonitrile (%B)

0.0 1.0 95 5

5.5 1.0 40 60

6.0 1.0 10 90

6.5 1.0 10 90

7.0 1.0 95 5

9.0 1.0 95 5
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2. HAMINAFUANNIY 1aU89IDNATILH

2.1 wamsnasauaNLtiulFuasILats
= ¢ . .
2aIN13ILAIIEH (linearity and range)
NARINMIIIATITATITACNUHIGT N
mitragynine ATEMUANMMINIUGN 6] 10 FLEU

ANNEHG 61916 0.30-30.00 Taulasnss/Aadans

800.000
700.000
600.000

> 500.000

<C
400.000
300.000
200.000 )
100.000 .

c.'
0000 @

0.00000 0.01000

0.02000

WUINANMNF NN U TENI A TAIN L N WD I
SIATAMLNINTTIU mitragynine FUNUA LA as]
(% [~1 2 1 v X dln 6
ANET U IR AT I NN NIUTILO TN
| o s X o o € | o
ToefednTseanTandnius (r) Wity 0.9999

(Figure 4)

y = 22527.9342x + 1.5307

r=-0.9999

0.03000 0.04000

Concentration (ug/mL)

Figure 4 The calibration curve of mitragynine standard intensity against peak area under the curve (AUC)

2.2 NANISNAFAUAIINLLN (accuracy)
lagwanisneasaudaaazaasnsaunay (% re-
covery)

NANTANHINITIAIICA LTI NES
mitragynine SL% sample blank I@ LY NMIIATIEN
S 6 1 LEEHAMSANNMIIATZHLSN D

13 mitragynine GL‘LL spiked sample ﬁm’%mﬂ,@’f

NNMAANTNIAEAUTITNIGTIW mitragynine
7 3 svsuanudndu a9l sample blank L6
8y 39 lapynmaaensienadnduas 2 41 wu
Hhen¥osaransmsiundy luynseduemsudind
i 6 A o Ve v
oe/lunaminisassuls lugrsiouss 99.72-100 88

% RSD uay HORRAT itfit 2.0 (Table 5)
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Table 5 Accuracy determined for the UHPLC method

Sample Sample Spiked Sample

blank level spike  %Recovery nooovery %RSD  HORRAT
(mg/ml)  (mg/ml) (mg/ml) mean = SO
Mitragynine ~ 0.0019  0.0007  0.0027 99.19  99.72+1.64  1.64 051
0.0027  100.55
0.0027  101.23
0.0027 96.65
0.0027  100.20
0.0027  100.48
00030 00050  101.80 100.12+1.06 106  0.36
0.0050  100.51
0.0049  100.24
0.0049  100.25
0.0049 99.11
0.0049 98.84
00062 00083  101.82 10088059 059  0.21
0.0082  101.16
0.0082  100.99
0.0082  100.29
0.0082  100.79
0.0082  100.23

The acceptance criteria for %Recovery, according to the AOAC Peer-Verified Methods Program on Policies and Procedures
in Arlington, VA, USA (1998), are 95-105%. The acceptance of precision is evaluated using the HORRAT (Horwitz Ratio)

(<2)
2.3 WANSNAFAUANNLHALS (precision) 2) intermediate precision, between-

1) repeatability day

= a 6 1A
WNANITANHINITIATILA SN AT WAMIFNHINITUAEV LTI UET

mitragynine Tushaehslunsevion wuhienides  mitragynine Iughaghslunserios wudenides

o Y 6 [
\UNINATFIUFNANS (% RSD) WhiTu 0.63 (Table  HHN IR HANTTD (% RSD) iy 0.78 (Table

6) 6)

Table 6 Precision determined for the UHPLC method
Sample Repeatability; % RSD Intermediate precision; % RSD

Mitragynine 0.53 0.78
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2.4 WANMTNAFALAANNAYRINITATIAWY
(limit of detection, LOD)
WU91 LOD 289M3aaed mitragy-
nine Wity 0.19 ulasnSa/fiadans visawihmuy
Zoeme 00191 Taenivein

2.5 WNANISNAFIUAAIINAVUBINITIALES

15318 (limit of quantitation, LOQ)

WU LOQ 209MTIATIEN mitragy-
nine Wiy 0.64 WlaanSu/fadans visawhiy
otz 0.0637 Taeniwiin Taefien % RSD whi
1.69 @1 HORRAT Wi 0.49 Laz30as1a9ms

Aunduat/lugrs¥osay 95.18-99.66 (Table 7)

Table 7 The results of the limit of quantitation study (LOQ)

Sample Spiked Sample
Sample blank level spike

(mg/ml)  (mg/ml) (mg/ml)
Mitragynine  0.00195  0.0006 0.0016

%Recovery

%Recovery
mean * SD

%RSD HORRAT

97.99 0.49
99.66
97.92
99.14
99.47

95.18

98.23 + 1.66 1.69

2.6 MINAFIUANNIUNE (specificity)
HANNTHATIEANTATMLINTTIU

uaraEnTaranesathawy meldamay UHPLC

Standard sample of mitragynine

AW FNANTOMENENT mitragynine 8NN
avanle wazlifimasuniuaasensduludineg

I(ﬂ 2I5@N retention time WU 7.17 Wl (Figure b)

7478

Mitragynine i

Sample of Mitragyna speciosa extract

Mitragynine

1 12 14 16 18 2 22 24 26 28 3 32 34 36 38 4 42

Figure 5 Chromatographic fingerprint of the standard mitragynine solution and the Mitragyna speciosa leaf extract



JThai Trad Alt Med

Vol.21 No.2 May-Aug 2023 {429]

3. MsanzHUSIa mitragynine Tuly
n3zNoN

NANIILATILALSNIL mitragynine b

Foenslunszvion $1U3% 17 §heehs wuLUSan o
. . e 1 1 s \
&9 mitragynine haenslunTEvianiens gsl,u

7135088y 0.99-1.89 laeniwtin (Table 8)

Table 8 The results of the analysis of mitragynine content in Mitragyna speciosa extract using UHPLC method.

Sample No. Collection site Mitragynine content (w/w)
1 Trang Province 1 0.99
2 Trang Province 2 1.23
3 Krabi Province 1.55
4 Chumphon Province 1 1.59
5 Chumphon Province 2 1.77
6 Chumphon Province 3 1.89
7 Chumphon Province 4 1.08
8 Phra Nakhon Si Ayutthaya 1.54
9 Pathum Thani Province 1 1.45
10 Pathum Thani Province 2 1.60
11 Pathum Thani Province 3 1.49
12 Nonthaburi Province 1 1.66
13 Nonthaburi Province 2 1.26
14 Nonthaburi Province 3 1.58
15 Nonthaburi Province 4 1.00
16 Nakhon Pathom Province 1.40
17 Bangkok 1.11

anisana

MINAWITIATILAUTNDUET mitragy-
nine luSagavlunssriendaeinios UHPLC
Towario lunssvianuisdnadvnazany ethanol
10833 reflux Wuwna 45 wifl Waadniizie
ARC-18 7110 4.6 X 150 {afN®T TAaLA
2.7 lalaswas duipnaand uazld 0.1%
ortho-phosphoric acid SLWEW e 0.1% ortho-

phosphoric acid sLu acetonitrile Lﬂ%’i{]ﬂ?ﬂ

waaud senslva 1.0 Aadaasand a51a¥e
fenuenedn 222 wlses Foalumsesa
U 9 1% Qzﬂiﬁﬂa(ﬁ%mﬂﬂ peak U84 mitragy-
nine ﬁ retention time GLWI%’N 717-7.20 WA
MINAFOLANN b e 2093530A 129 bet
NAFOLANHNTIMEUNTILALTIIVBINTAATIENR
wundanaTudunss ugsanadndn 0.30-
30.00 lalasnSu/fadans edudseansam

ISP (correlation coefficient, r) N1 0.9998
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Fafensnnnienfuansuldarivuee correla-
tion coefficient (r) Faeilen lsiraanin 0.995
MINAFOUANNLNUIDIITWNUAT % mean
recovery o/ lutas¥ouaz 97.72-100.88 T9lu
6 A o PR \ L v
inrinsansulgntunae 3 lugsSouay 95-
' | | 2 | & A
105 ¢ % RSD otflugas 0.69-1.64 #saefluunnuii
© Y od . . A .
eansU laFarnvuaen 13 lsRn 2.0% wazen HOR-
RAT ag/lugng 0.21-0.51 Feog/lunausieansy
9/&' ° 1 I a I ada 65
1gaarnmunen 13 ldAu 2.0 uaesAdieTwin
a ]
NONMNLNY
AMINAFAUANNNLIVDIAD WUINNANIT
NaFaUANNTIE e TaunTAaTesdnagg
S109% 10 T T e LasmTIaTIeH
T T I ¢ .
fntaiaauwTuiieNeidunm 3 T ag
10 1 {@1 % RSD wihfu 0.53 Wag 0.78 eNNA1eIL
aneh % RSD 7lemuiag lwnusineasnsule
A , ! | ada ¢ X
fa 1NN 2.0 LeEesI ATl TILA RN T
o 9: 2 = dl 1 a 1 L%
e ldasiianuifies ¢ LOD Senwiriu 0.19
TalasnSu/Aadfnsuaye LOQ Sewihiy 0.64
Talaansa/adans
HoATAAT e USHNuaNT mitragynine
Tulunseviondneds UHPLC Awein v 1isiih
=) a v aAa a . .
W gUMUNUATMIMUINITLENT mitragynine
% a % 1 dld &
GL%’DG]Q@ULL@SG??Gﬂ@iUﬂ?SV]BS\WISJTIH\‘HHVL’]
ADULAY WUAIDMIIOTILANNNNIULRET %
v A v ad a u’a‘d %
recovery INAALTUATMTAeerinfinsnul3
Aaunini™® ¢ LOD uay LOQ Nl@anisms
AN e INALR T @1 LOD uay
LOQ 7 l@anmasmaeneinan e Anauntn
5[15-16] o o = A oo le 5L
A8 FpSum SIS U s USEaLIA NS5
a ¢ | ada A o X 9 o
AONEFINLT A e MEATIN I b e

~ & A6 ~ x>
Tumsdeest 9 il @9 ldina lumademsitioy

AN st unn it e
FHaannnimeaunemsiensiuns Suhanya
Parthasarathy wavanss W 2013 9ldanlu
a & 1 o 2[16] | | VL @ a
MSANEAWNNY 6 WA Leae9lsNeNAD
a Gdl (%3 é‘ z a v 2 = A asa
MO TEATNa TN Sa ldsoumiiads
a gd‘d 7 U : ]
MO NAART BN T iauwrtnd e snns
SeUhelasna TS WA e LN gAY
mMaRaNIMaeRaun laeAtiemeinaunih
g Y (9 1 2 ada %2 2
2 1A 5ame lunszvianeneA51singne methanol
e 534 Lmﬂ% acetonitrile - 0.05% formic
acid (U5Ul¥ PH wihity 5) Wwinmewedeudt T
Anca X a o .
AP AT eS uNaTET e lunserianlas
MIETAeLAT reflux Mevinavae ethanol 7
A1 45 ¥ LarMIAeIuNINMaLARaUA 0.1%
ortho-phosphoric acid gL‘LL‘Lh e 0.1% ortho-

% a

phosphoric acid eLu acetonitrile 134"«5%36;]%@'1@\‘13\1

=

msuSu PH 1o o JadumsieSuaipmeainioui
AdE FLOIN LAYIINS TINDIRATL UL TNEE
A ndusuanauiinivey
W3 s e neiilinesiatSinaas mi-

tragynine MshoeslunszvioNs 141 17 e
WULSaN0uEN mitragynine wshnenslunszvian
1917 6haehs SRsnnuegjsydng 0.99 119 1.89 30
azI@ AT %ﬁaaﬂaﬂ%mmaﬁ mitragynine 1%
shathslunsevianluimnasiuiens « sansnld

o o a A 4 ~ A
(g a;q”aslmmmmwum LALIEULRAFTIANIY
susianisiasyLdvlavesdunserianiananTn

> . . - 4 .

#3989 mitragynine GLmJimmqq LT
WlmﬁmwwsﬁgﬂG’Tuﬂisviawma.@mmﬁﬂmé’
133104819 mitragynine Mslumwias\lﬂ’%mmqa

d o 6 o o € '
mm‘mmuﬂsﬂmm}amﬁwwmwu‘qmzwam LaE
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gpsianIzviansall uonaniudiasainans mi-
3 % 1
tragynine iussoanarsndned lunssvian ms
a 6 a . . [ a
ATIVIATILALUITIUES mitragynine sl,mmq@m
lunsevianuazansarialunssionaadutlse lumi
dansmyreannerunzdisundasim nanain
X Ao o A o €A
DEIENaNTD M M AT LN LA YN AR U T

fnszviasfugivmansta b

RER ]

A M oo A ~ ¢
M3anE B laNam3ITN1303993 103129
1/5810 mitragynine Mlunseviosndeis UHPLC
LasVIEaLUAN I T8RRI TEh nanTEnEn
WUPATANGTY Henugndauing dzaan
0157 uailsennaaaiif 141 mobile phase
2 o amA o ~ . .
AT LA W19 99915010 mitragynine bib
hathalunseyvion vl ledayadadudlselumt
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