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Mutagenicity Study of Semi-Synthetic 7-Hydroxymitragynine from Mitragyna speciosa
Using Salmonella typhimurium and Escherichia coli (WP2 uvrA) by the Ames Test

Sutjarit Aunkat’ Praw Suppajariyawat! Wijittra Sudhong' Padtaya Sirinantananon’

Weerachai Pipatrattanaseree? Pornchai Sincharoenpokai’

"Medicinal Plant Research Institute, Department of Medical Sciences, Tiwanon Road, Mueang, Nonthaburi 11000
Regional Medical Sciences Center 12 Songkhla

Abstract

Kratom (Mitragyna speciosa, Korth), found in Southeast Asia, has been traditionally
used in Thai medicine to alleviate abdominal pain, dysentery, diarrhea, and muscle aches, and
as a sedative. Its primary active compounds are alkaloids, with mitragynine being the most
abundant. Another derivative, 7-hydroxymitragynine (7-OHMG), exhibits more potent activity
than mitragynine, making it suitable for medical and public health applications. However,
safety data regarding the active compounds from this plant remain limited. This study aimed
to investigate the mutagenicity of a semi-synthetic kratom extract (7-OHMG) using the Ames
test with Salmonella typhimurium strains (TA98, TA100, TA1535, TA1537) and Escherichia
coli (WP2uvrA). The test was conducted at six concentrations (15, 50, 150, 500, 1,500 and
5,000 pg/plate) both with and without metabolic activation. The results indicated no mutagenic
activity in any of the 5 bacterial strains, either with or without metabolic activation.
Specifically, the number of revertant colonies for strains TA98, TA100, and WP2uvrA did not
double, and for strains TA1535 and TA1537, it did not triple, relative to the negative control.
Furthermore, no abnormalities were observed in the background lawn for any strain at any
concentration. While the World Health Organization has identified 7-OHMG as a substance
requiring safety monitoring, this study provides crucial preliminary safety data. These findings
serve as a foundational guideline for the further development of 7-OHMG into high-quality,
internationally accepted pharmaceuticals or health products. This could enable its practical use

in modern medicine and foster innovation in Thai herbal products.
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X g Y Y v a
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4 v d Yadn J
manaaeunsnenateiiuglaslyisiendalu
4’4 s d % Y Aa adA
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E]
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IBMINAFOVIN OECD test guideline” 1875
Plate Incorporation test WSENATEANAN
[ 4 3 o
daUAT1IERINNTENON 7-OHMG 31U 6
Yy 9 A Y Y
ANWANTY NANWANTY 15, 50, 150, 500,
1,500 uag 5,000 pg/plate (1101513991901
Y
half log U528t 3.16 111) msasenre lag
2
AUYo S. typhimurium TA98, TA100, TA1535,
waz TA1537 Y5u1as 10 lulnsans aslu
b
nutrient broth No.2 @3U%0 E. coli WP2uvrA
Y3103 10 TuTnsaas aaly LB broth Budoe
1 30} =) 1 =)
NUMVUAIVANQUNYUUALIVET QUK
VoA 3
3742 D9 ALTOE W NANEITOU 120 rpm
I @ A A o )
Wura 8-12 ¥ 1w weasunaimyuaii
dy [ 1 [] 9 d' Y A
FOU1IAAINNYY A8IATBITANITAANAY
(e MN8N 600 U1 TUINAT LA EN top
agar NANTIUHTUVDS 0.5 mM L-histidine 112
9
0.5 mM biotin a1 M5 U¥0 S. typhimurium

HAZIANAIUNANUDY 0.5 mM tryptophan 19
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3o £ coli mimiuilnla top agar AWAL
1313113 2 adans avlurasanaaewyy
Hdile Taslianiuiounasinuiguugd
waeafiqungll 4542 evpnwaiFoe 1u
m%ﬂﬁ'mm%’ammquu (dry block
incubator) n1snaaenluszuuAieu el
nszau (+s9) Mladvirazate (negative
control) in DMSO @13A0NA1BWUT (positive
control) Glm%mmaﬁﬁamﬂﬁuﬁ TA98 uag
TA100 7O 4-nitro-o-phenylenediamine (NPD),
TA1535 Ao 4-nitroquinoline-n-oxide (4NQNO),
TA1537 @® 2-nitrofluorene (2-NF), 1ay
WP2uvrA f1® 2-aminoanthracene (2AA) 919819
asasanidunsIzannszien 7-OHMG i
AMututu (15, 50, 150, 500, 1,500 tag 5,000
ug/plate) U511035 100 lulasansvesuaas
anududuiinagey audiofoudazae
Wwuglinias 100 lulasaas vagihlaais
S9mix (S9 Enzyme + Cofactor-1) 1531915 500
lulasaas aaunrsnaaeuluszuui 1
oulainsgdu (-s9) nlaars 0.5 M NaPO,-
KCl buffer, pH 7.4 Y51105 500 luTnsans 3
nlaaliazaie (negative control) A9 DMSO
ﬁﬁf‘iﬁ]ﬂﬁWﬂ‘VTuf (positive control) 114;%@
umﬁﬁﬂmaﬁ’uﬁ TA98 A® 2-nitrofluorene (2-
NF), TA100 a2 TA1535 A0 sodium azide
(SA), TA1537 Ao acridine mutagen ICR191
(ICR191), 18¢ WP2uvrA f® 4-nitroquinoline-n-
oxide (4NQNO) Froduasatanidunse i

IANTENOY 7-OHMG NANUIUIY (15, 50,
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a 1 Y g A
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4 F3 v o Ao o
51N 1. mmuaas Background lawn Tagldndesgansseninuuiindunmasuers 10X 21 A uaad background lawn

y a < & v g = X a2 a1 A\
‘ﬁﬂﬂfﬂ%$LWUﬂ1WWUWﬁQLW?J“],NNﬂ'Iﬁﬂ'Iﬂ‘Uﬂ\u‘D'ﬂ NN B UuandInN13tna Killing effect background lawn 3¢ WUANHUSUD

' AKX o = &
FOIINNNUNA LAAIDINITANIVDIUYD

Nan13Ide

wannmai)trauqmzmﬁﬁwmsﬁaumﬁﬁﬂ
NATIUANNADINMINTADLN ILFaNAL
31 Taunlu ﬂzwméﬁ@ﬁﬁmmﬁm"lu histidine,
His + Bi 1la¢ tryptophan NATBY rfa mutation
wuuaen rfa 3z1na Tyuld (clear zone) Tl

:ﬁ‘ a [l Y
10193 Y08, NAAD R-factor Glumawuﬁ TA98

] Y
A15190 1. G]'li"lﬂllﬁﬂ\‘lNaﬂ"l'iﬂﬂﬁ@ﬂﬂmﬁﬂﬂﬁﬂl@ﬂﬁﬂlmﬂ‘ﬁﬁﬂ 5 deNUT

3 o oda X 9
1ag TA100 L‘]Juﬁ’lﬂwu']éﬂll R-factor L¥DATU
ampicillin 18 17 Nune T e (no clear zone)

Aua1eNUFoUILIRA clear zone AT NATDY

o

. ! 4&’ a
uvr mutation Wmu%@nﬂmﬂwu 1NA clear

L
= 1
f

9 ¥
zone AU UAMANTAFOUUATIZTINOURINIG

7 f 4
nagoUONd lUI¥ S. typhimurium N3 4 918

o J

o J A
WUT 1a2 E. coli 1 8aWug Unaiauiiansudiu

NANMINATOU UAAIAIAITINN 1

q

4

Ll

Verification of phenotypic characteristics of S. fyphimurium and E. coli

Strains Histidine and Tryptophan requirement rfa mutation R-factor uvr
mutation
Neg Biotin Histidine His + Bi Tryptophan
TA98 - - ++ +++ N/A Clear zone No Clear zone Clear zone
TA100 - - ++ +++ N/A Clear zone No Clear zone Clear zone
TA1535 - - ++ +++ N/A Clear zone Clear zone Clear zone
TA1537 - - ++ +++ N/A Clear zone Clear zone Clear zone
WP2uvrA - N/A N/A N/A +++ Clear zone Clear zone Clear zone
- means no growth +++ means growth faster than ++
++ means moderate growth N/A means not applicable

Thai J Toxicol 2025; 40(2): 51-66
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v d %4 ¢
Wan1INagaUNIINeNa I HEYIIaISaNAN

%4 Jd

dunsIcHoInnsenon 7-0HMG lussyuni
4 %

1oulwsinszdu (+59)

MIANBINMITABNABWHT YR IENTARA

2 o L4

NAFUATIZHIINATENBY 7-OHMG 111%0
wuANse S. ryphimurium (TA98, TA100,
TA1535, uay TA1537) uag E. coli (WP2uvrA)

. . .
Tuszuuniiou lainszdu (+s9) Nanududu

60

6 52A (15, 50, 150, 500, 1,500 ttaz 5,000
ug/plate) Namsnaaee LinuaNuRalnfves
) 4
Background lawn 1A@1YWUFUASNNAITNY
Y v & o <
UMV IFOAIgWUT TA98 TA100 1AY
o ~ Y4 [
WP2uvrA Wodwau Ta Tatinaneviug ludlu 2
1 dy v 1
N B0 ERUT TA1535 uag TA1537 lidlu 3
1 d' = [ o d‘ @ 4
M oAU IUIUNNAIERU T
Y
535u31@ wua luiRansnenatewus lue

A 3’, o J A A
HUANLTING 5 AIYWUT (AT NN 2 Lae ;i.ﬂi/l 2)

5197 2. Llﬁmf"hmaEJNam’ii/lﬂﬁ"mJﬂ”liﬂ'@ﬂa18ﬁuﬁ%6Qﬁ1iﬁﬁﬂﬁﬂﬁﬂlﬂi1$ﬁ%Wﬂﬂizﬂ'ﬂll (7-OHMG)

1 dy A v 7 Aa 4 Y
ADLFDLUUANITY 5 MYNUT “luszuuwmau‘lwmw;u (+S9)

¢ ¢ y ¢
MsanANITINTIZANINNIZNN (7-OHMG) luszuuniieulusinszdu (+9)

Yy Y
ANNVNUU

Tnlafinaieniug (meantSD)

(ng/plate) TA98 BL TA100 BL TA1535 BL TA1537 BL WP2uwrA BL
Negative 26.3346.66 N 164.50£3.54 N 12.3343.06 N 5004141 N 50334379 N
Positive 599.5047.78 N 362.5044.95 N 155.00£14.14 N  404.33+643 N  469.00+529 N
5,000 2567£252 N 149.00+1.41 N 9.33+1.53 N 9.00#2.83 N  46.00+520 N
1,500 27.3349.02 N 157.00£2.65 N 8.67+2.31 N 12.00£1.41 N  44.00£3.00 N
500 29.67+3.79 N 164.50+3.54 N 9.33+0.58 N 10.00£2.83 N  5833+7.02 N
150 30.00£4.00 N 172.33+7.51 N 13.50+3.54 N 10.00£3.00 N 43674513 N
50 26.33+6.66 N 149.33£153 N 16.33+4.04 N 7.00+28 N  41.0046.56 N

15 2633+3.79 N 147.00£1.47 N 10.67+2.52 N 1550£4.95 N  44.00£8.66 N

MN1BIME: BL 111009 Background lawn, N 1137659 Normal

v d [y ¢
Wan1sNATeUNIINENA N HE VeI 15anAN
%4 d ] 4’ 5]
FUNTIZHIINNTENON 7-OHMG Tuseuuii I3di

4 Y
toulwsinszdu (-S9)

MIANEININENAENUTVOIA1TANA

=2 2 4

NIFIUATIZTHIANTTNON 7-OHMG 1ui¥e
WUANSY S. typhimurium (TA98, TA100,
TA1535, la TA1537) uag E. coli (WP2uvrA)

{ ] 4 A
Tuszuuin'litioulsinsgqu (-s9) Anaw
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WUAY 6 TRV (15, 50, 150, 500, 1,500 1AL

5,000 pg/plate) KANITNAADI IUNUAIIY

AnlnAued background lawn NAABWUFLAL

k4

VAR LT 1Foa 10V UT TA9S TA100 Ay
o = A B

WP2uvrA WudwauTaTatinanewusg hidlu 2
1 z&l v J 1

N FOAEWUE TA1535 uaz TA1537 Tuidlu 3
1 A = @ o A o 4

M1 eI NgUNUIIUIUNNATeHU A1

a 1 1 a 1 A 4
53509 WuN luRamsnenatenug lure

S A S v J A A
HUAMETYTIN 5 AYWUT (M NN 3 Uy q31‘1J°I/] 3)
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650-
600 &
550-
500-
450-
400
350-

300+

Revertant colonies

250+

200+

1504

ANAARRRRRRRRRRRRANNRRRN

With 89 enzyme (+S9)

SLLLLIIILLIIIIIILEIIIISY.

TA1535

LA

Strains

TA1537

WP2uvrA

BOBA

22

BEA

Positive control
Negative control
5000 pg/plate
1500 pg/plate
500 pg/plate
150 pg/plate

50 ug/plate

15 ug/plate

61

4 1 { 1 o J v R @ 4 1
ﬂ]iNﬁ 3. LlﬁﬂﬁﬂnﬂaEJNﬁﬂﬁT]@ﬁf]’UﬂTiﬂ’é)ﬂ’ﬁRlWu‘ljsll’é)\iﬁﬁﬁﬂ@ﬁdﬁﬂlﬂﬂw’i%1ﬂﬂ‘§8‘1/]’é)ll (7-OHMG)

1 g A v J A 12 4 Y
aoreuuANGe 5 dewug Tuszuuh lulieu ladnszdu (-s9)

o R @ ¢ y ¢
msanansdunsizfnnnszien (7-0HMG) Tuszuui hifieulrinszdu (-s9)

ANUNTY Talafinaeniug (meantsD)
(ng/plate) TA98 BL TA100 BL TA1535 BL TA1537 BL WP2uvrA BL
Negative 9.00+4.36 N 143.33+2.31 N 13.00£2.65 N 6.33£1.15 N  40.67+10.69 N
Positive 459.67+7.51 N 350.00+3.46 N  314.0049.85 N 50433+493 N  725.67+723 N
5,000 16.00£436 N 149.00+1.41 N 12.00£1.73 N 4.67+0.58 N 30.00+3.61 N
1,500 1333321 N 135.00+4.24 N 14.33£5.13 N 8.00<1.73 N 38.00+3.46 N
500 9.33+6.03 N 165.00+2.65 N 16.00£1.00 N 7.001.00 N 35.67+5.13 N
150 7.00+2.65 N 135.50+4.95 N 10.67£1.53 N 8.00+2.00 N 45.3342.08 N
50 7.00+1.73 N 142.67+4.73 N 1633£9.61 N 4.50+0.71 N 42.33+6.35 N
15 14.33£6.03 N 137.67£1.53 N 11.67£3.06 N 4.33x1.53 N 50.00+6.56 N

MUBMe: BL H11089 Background lawn, N #111693 Normal

Thai J Toxicol 2025; 40(2): 51-66
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Without S9 enzyme (-S9)
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Y as < A (=)

(WP2uvrA) agiseud Tuszvvnivag lud

P Y A Y v

oulainszdu Aanududu 15, 50, 150, 500,
1,500 iag 5,000 pg/plate E"f’t')ﬂ@ background
Y 9 o ] a a

lawn neldndesganssmi lunuanunalna

v J
UB Background lawn NN UFLUASNNAIY
Yy 9 dy A A v d
NI 1FBUUANITEAI8WUT TA9S, TA100,
o = 1 a3 1 dy
waz WP2uwvrA s1uulalatl ladly 2 mi1 i¥e
uuARiSeanoWng TA1535 uag TA1537 $1uaw
[~ 1 4 [ o 1
TaTati luu 3 1 Wemeunusiuiunnaie
[ o a 49’ A A uy.l
WUFMUTITUIIA TAgiouuaNizend 5 a1y
4 1A J 4 g’; A

Wug liifanisnenatewus neszuuniivag

= 4 9 o a Y
Titiioulaninszdqu dutiumsnaaounisld
Y a wa A9 Yo v
ol §iian1snldsunissusesninsgIu

Y

OECD GLP 91n¥H28A59 80 u¥UNidou
1Y% 1A (National Compliance Monitoring

I ] ao
Authority: National CMA) HunileAnuIve

.. Y a A .. '
(test facility) AUNYINYT (toxicity) 4AENITND
v J .. o a vada

NA1YWUT (mutagenicity) mwmﬂgmmmq
9y a oA =l a @ A
Mo 1ian1s Tagasnaaaunsonannuinn

Hiun1snadoeunliudaoangain

Y Aa wvAa d' Yo (%
W’EN‘]J;]“U@]ﬂ"liﬂllﬂi‘ﬂﬂ']iﬁﬂﬁﬂﬁiﬂﬂﬁﬂ']u

Thai J Toxicol 2025; 40(2): 51-66

63

o 49! =\ o 1
OECD GLP a1113011 layunzifisudiviine
Y
Tdnalulszmauazaradszina Tagmnie
' o 90’
Uszmaaunyn OECD ludosimanaaousi
Tuaralszima ¥relddlsznounisiszvda
! E da! ~ =
al¥nenazanszeznarlunmsvunsidiou 39
Id A @
Wunmsiwudnennlddlsenounis
melullsamaenszaviannuaiunsalums
HUITUNIMITAILAZaAMI DAt UN 1M IA1 U
aaalan
R
INMINUNINITTUNTIUNTog 1y
TariunerfiumsnaaouAIU genotoxicity &9
[ 9 = I a
TiwvdeoyanisAnwianiumduniynig
o [ ' [ 4
WUENTTUUOIEITANANIAIUATIZHIN
[ [ 1 S a o
ATLNOY 7-OHMG uaoe1150aNT1891198
] Y] 4 [ %’
MINAABUNINONIINABNUFUBIATANAU
dy A A
910 M. speciosa Twieuuanise s. typhimurium
9 an J Aa
TA9S 118z TA100 A2e75eud luszuuniuay
= 4 9 1 " Aa
Ditioulainszqu wanmsnaaeunui luna

4

1 [ L dy A A [
MINOMINMYHUT lFoUUANTY 2 AW
o A a 1A g Y 14

neluszuunduaz lutiouleinszdu

% %’ I ]
Taea15anauIIn M. speciosa Wuaisana
neuNNNIENoN Jasdnyed1s lunsiniu

% a 4

Hay 7-OHMG FUNAINMTIULUNUD laduo

as I 4 [ é’ =
Tuns1vnuiluessdsznouvosasanail &q
F18UMIIVIT A UTDAARDINUHANT AN

9 Y

AT 1HAZIINT1BIUITINTNAADUAINY
=\ 9 an 9
178N 18U09 DNA @2075 comet assay 1ao 1%
188 Caco-2 NAFOUA15ATTIU IUNT14IU
a [ Y ] 1 a [
HATNAANUINAIDE199INATENON 3 Fila 1aun
Kr10BR, Kr11BE15x, 4ag Kr12BEg Wy

a Jd o 1 ' b a
HAANUMNAIDE19VINNTENONNY 3 FiA TR

17841889 DNA UATUNIINAUAUAIT



N3ansHiyINe lne 2568; 40(2): 51-66

Aad () 9y a =
1]1@3@']1!ul‘JJT]iT%u‘Llulﬂﬂﬂclﬁlﬂﬂﬂﬁﬁﬂﬁﬂﬂ']ﬂ

@9 DNA linoldinananisnouauoanig

A o 9 (%

o A g a ] 1 I
Wu‘ﬁ‘ﬂiiﬂﬂlﬂuWBﬂﬂW\iﬂuﬂﬁWﬂﬂJ ’E)fJ'Nulﬁﬂ

AUHANNUMNIINATENOUMIINNATIZHNA

[ Y a = =] 2 I [
ﬂﬂ‘lﬁtﬂﬂﬂa”lmfdfn/iWflmmaumcml,ﬂuﬂﬁmu

U1anedsddonulasanslunisly

=h.

a v 4 1

49’15 Y d'
HaannuaaIl’ vinglszneunisnuie
a [ 4 1 = A a [ 4
NAANMNIINNITLNONLNITIIUUNAAN UM
4 1 a I~ a
drea15ou oradanaliinaamdlunslu
~ 9 Aawv Y vy X
naeANAaoINNY la luuIded1aduil wa
= Y Y Y = ] 9
ATANHIV A UTENOUDIANUF VLD UVD I
Y Yy a a £ 9 %= o J
Toyam uNyINe1 Faiugnannuiniuly
Y
mMidszmiuanuilaoanvedeasouagy Nalu
% 4 { %
F2AVVDIATLUDANIABIAIAY AL ATANATIY
NANFNTLNON D1ATIPUMNT VN0 LY
anulaoansvesdrsananiniyluana
Mitragyna 314U 4 ¥ §3957009052N0U
o o A~ a
Tashumaaeuduadiaaoav1lnfves
o 4 [
YYBE (PBMC) INBYHANTZNY 2 AIUHAN 9
A Id a 1 4 ..
Ao AN UNEADIYAE (cytotoxicity) HANS
NAFOUAIIIT MTT assay sUGUIE1TANALD
Y
MUDAUAZLIAFUIINNYNT 4 ¥ila T2TA1
I a 1 o 4 ~ [
Wiy uaz liiaewad tazanudenisno
A15WUFNTIN HANITNATDUAYID comet
Y
assay WUIH1TANAVINNTENOUNITHALDN
uoauaztanyy Lins liinanudeniens
DNA 081301 sd1Any 15uRgInUasanaaIu
Traiou 9 (enduensanaenauan M. hirsuta
= = 16 2 o o A A
Inuanudeme) " Usziaudagne wl luiy
g’l =) = ad
14 4 ¥l azdians lunstiuua 7-0HMG Tu
511N NA1AY LAFITANAVINNTZNBY

o ] { g a 1 o
ﬂaU‘lilllﬁﬂ\iNaﬂigﬂﬂﬁlﬂuW‘HﬁﬂwuﬁﬂﬁﬁM

Thai J Toxicol 2025; 40(2): 51-66

64

9 =

dy =< 3 k) o
Tunmisnagoudl Fuiudeyanaoandoany
1 v Y ax o g’;
MINATDUNIINONAIHUFAIITLONT 1UATA
Y
[ <
71 9619150970 919N ITNUNIUITIUATTY
1 o [ ~ = I A 1
Wu21 §3lumelnsany1n Ui yao
WUFNIINVDIa15 7-OHMG Tugiluuy
< 1 % g}l a o g
a131l3zneuuIgNTuINeUL A UNAN1I IV
= & ~ v L Yy A o
vudweaveyatiosdunaiuayua I
apansued "A1sANANTZNON" TUATNTIY LA
o I 1 1 9}4‘ o @
ganutlugesdnaneanuindiang laomme
NeNUANNYADANBVDIFS 7-OHMG
= Alqg v = w A
HaMIANEINF IR ToyaIiNe 1Y
) [ dy Y a I
aivayuanuilasaniieau ludinnuilu
WHADWUFNITU HAZAITUNIINATOVIVOIF
= [ = a dy [ v J
AN 1Y MSANEINEEBS ludaInaane A3
NATADU micronucleus test L‘ﬁﬂ@l‘i?%ﬁ@ﬂﬂ’ﬂh
=
i@ev1evoa s 1y ey 1agN1SNAT0Y comet
assay [NOATIVAOUANMTEHIOUDIA1Y DNA
I I 1
Wudu wazlhiludoyanosenlunsnadou
Aaa s 9 g’/ v 3 A @
nnatinluuywdnseunguiumssuduwa
a ) 4 I o
Tdnaanuaiulamedunuanedidylums
@ [ [ I [
Waluaegead1s 7-OHMG gnatiluindy

[ J A a o J Aa 1
Aunvsonaanmuaguaniligunnas

a5

Q

MSANEINITABNAIHUT AL B YD
v R o 4 1 9 [
MyanaNIdUAIIZHINNTENOY 1AL AT 7-
b

OHMG fpszvuUHUgnssuluFeuuaiiGodiy

Wug TA98, TA100, TA1535, TA1537, uay

Y as 4 A A (=

WP2uvrA 2835 teud Tuszuuniuay 1l
s Y A Y

oulinszdu Nty 15, 50, 150, 500,

1,500, @z 5,000 pg/plate MNUANVAAYNA

o J
WD background lawn NNHWYNUTUALNNAIY



N3ansHiyINe lne 2568; 40(2): 51-66

9 9 [ ' o s A =4 [
IXIPVRIRE! ll‘JJLﬂﬂﬂ?ﬁﬂﬂﬂﬁ?ﬂwuﬁlﬂﬂ!ﬂﬂﬂﬂﬂ
o ~ [ 4 a tg
QTMQUV]ﬂﬁWfJWUEGHM‘ﬁﬁiNGD”IﬁGlu!,“])'ﬁl

S A o ¢ & A A 1
HUANLSY 5 FIINUT mﬁluﬁwmflmgaz"luu

4

o Yy & = ' o
ulainszdu FawamsanyInMsnena1enug
o X [ 4 J
YOIATANANNTUATIZHIANTENON 7-OHMG
2 dy I = == & ..
Tuasstdunesmsany ey mutagenicity
scope Y94 OECD GLP tazasi lany13ve
a 1 [ 14
1F98N 1¥U NIsnaaeuludainaany,
. IS 9
micronucleus test LLO¥ comet assay Wuau
A qyy vy L 9 9 Y
el Iddeyailosduaiuanuilasanoias
I o w o 1
Tddoyailunuimedaylumsiauinooen
1 I @ @ d A
@13 7-OHMG gmistiuiadsauaninse
a o -4 A < A [
HanAuguWNUun W tunsonivlu
@ ) 9 N Y a b
seavdina awnsnnldlse Temi lavsana
4 o
Tunrenmisuwndunuilagiunazadig

wianssuvesayu lws Ineae 11

) =\
nnanssnlszma

Y
nuatenlasumsaduaywIn
wilsznanndninnuamznssumsauasy
a J a v [
INeIFIAAs I8uazuIANTIN (andi.)
~ v A w do ~ J
YDVOUNTEAY UIBITETY WAITALES gud

a s I o
QVIEJWﬁWﬁﬂiﬂWﬁ!LWVIEJﬁ 12 a3va GluﬂWﬁ*ﬂﬂWT

e

agAuLazanAEITINAUATIZHIINNTZHOW
Y Y A9 a ua A A
7-OHMG tagidminvealiiansnyine

1 d' Y 1 A o Aa v dy
namunlianuriemias lunsmauIteil

q

a

Wuoeaa

watlselasriiudon

o 1

yuodusuI litnailsy Toad

Thai J Toxicol 2025; 40(2): 51-66

4. e Tayag

65

Y a
ONA1ID DN

1. Maximize Market Research. Kratom Market:
Industry Analysis and Forecast (2025-2032).
Maximize Market Research, 2025. Available at
https://www.maximizemarketresearch.com/marke
t-report/kratom-market/216883/?utm_source=

chatgpt.com, accessed on May 25, 2025.

2. dufnauisonasWauinisinyas wah s.
nsyow aeud 3: aata. [umeiiiial. 2568
[ddaie 18 Nguiou 2568] 1910914910
https://www.doa.go.th/oard8/?page id=4440&ut
m_source=chatgpt.com

3. NRIANUANIAQIANAR. d1TNNUAENITUMS
DAL NIENINATHITUGY. NN (Kratom).
[Bumediiial 2566 1515 wile 23 wquniaw 2568]
R EERRCERE https://narcotic.fda.moph.go.th/

information-about-drugs/kratom

QT WuAa, 1011 aUTY

1 s

uazAMe. NIzNoN: dyulnsHiesuanaa. 1.
4 J A
msunndunu Ineagmsunndniadon 2559;

14: 242-56.

4 = A

5. lsng widunina. Awnsznenlumive
[ 9 o 4

ury Ine pun1sldlse Terimanmsunnd, 2.

Finanuaaznssumstessuuazilsvlsiuen

LEANAR 2562; 35: 19-22.

6. QAIFHY 9509, NYINGIVBINFNTZNOY.

Nsesndrnssulsaneuia 2563; 30: 118-24.

7.  World Health Organization. Pre-Review
Report:Kratom (Mitragyna speciosa),
mitragynine, and 7-hydroxymitragynine. 2021.
Available at https:/www.who.int/publications/
m/item/kratom-mitragynine-7-hydroxymitragynine-

critical-review-report.pdf, accessed on May 24, 2025.

e

8. doruiniasnuinazluydansuania

UHINADSUIIBUL. Toyadmns Wrnszvew.


https://www.doa.go.th/oard8/?page_id=4440

N3ansHiyINe lne 2568; 40(2): 51-66

10.

11.

12.

13.

14.

15.

[Bumedifinl. 2566 (15 uile 25 nQ¥NIAN
2568119194 14910 http://www.pmnidat.go.th/
thai/downloads/text/T01-61.pdf

Watanabe K, YanoS, Horie S, et al. Inhibitory
effect of mitragynine, an alkaloid with analgesic
effect from Thai medicinal plant Mitragyna
specinosa, on electrically stimulated contracteion
of isolated guineapig ileum through the opioid

receptor. Life Sci 1997; 60(12): 933-42.

Kruegel AC, Uprety R, Grinnell SG, et al. 7-
Hydroxymitragynine is an active metabolite of
mitragynine and a key mediator of its analgesic

effects. ACS Cent Sci 2019; 5(6): 992-1001.

Hiranita T, Sharma A, Ledn F, et al. Potential
contribution of 7-hydroxymitragynine, a metabolite
of the primary kratom (Mitragyna speciosa) alkaloid
mitragynine, to the L - opioid activity of
mitragynine in rats. FASEB J 2020; 34(S1): 1.
Takayama H, Ishikawa H, Kurihara M, et al.
Studies on the synthesis and opioid agonistic
activities of mitragynine-related indole alkaloids:
discovery of opioid agonists structurally different
from other opioid ligands. J Med Chem 2002 ;
45(9): 1949-56.

OECD. Test No. 471: bacterial reverse mutation
test. OECD Guidelines for the Testing of Chemicals,

Section 4. Paris: OECD Publishing; 1997.

Ghazali AR, Abdullah R, Ramli N, et al.
Mutagenic and antimutagenic activities of
Mitragyna speciosa Korth extract using Ames

test. J Med Plants Res 2011; 5(8): 1345-8.

Oliveira AS, Fraga S, Carvalho F, et al. Chemical
characterization and in vitro cyto- and genotoxicity
of ‘legal high’ products containing Kratom
(Mitragyna speciosa). Forensic Toxicol 2016;
34(2): 213-26.

Thai J Toxicol 2025; 40(2): 51-66

16.

66

Sudmoon R, Tanee T, Wonok W, et al. Discovery
of thynchophylline and mitraphylline in two Thai
Mitragyna species and the investigation of their
biological activity via opioid gene expression

analysis. Sci Rep 2025; 15: 5865.





