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GRAPHICAL ABSTRACT ABSTRACT

S odibnel e Rt PRp— Zanthoxylum myriacanthum, commonly known

fwor:h ‘ as Ma-Khwan, is a traditional medicinal plant predominantly
TK-6 cell lines
vt wf wmem » found in the northern part of Thailand. Its fruits are
! [“

extensively used in culinary practices and traditional

Zanthoxylum myriacanthum Wall. Ex Hook f a8 - M 9
Short-term +59 hort-term 59 Long term -59 g > .. . P
Extraction 144 CyeataanE & Zmyriacanthumexiact e dicine, However, comprehensive safety and toxicity data

Maceration in 95% ethanol

i.. . M
Crude extract
Evaporate the solvent B,

487. The extract was tested under three exposure conditions: short-term treatment with and without metabolic activation (S9 mix) for 4 hours,

S i l on its extracts remain limited. This study aimed to evaluate

Scanning

©80  Normal cell

‘Non-genotoxic the genotoxic potential of Z. myriacanthum fruit extract
() ———an-
L using the in vitro micronucleus assay in human TK-6

lymphoblastoid cells, following the OECD Test Guideline No.

and long-term treatment without S9 mix for 24 hours. The results indicated that the extract did not induce a statistically significant increase
in micronucleus frequency compared with the concurrent negative controls at any tested concentration. These findings suggested that the
fruit extract of Z. myriacanthum does not exhibit genotoxicity under the specified experimental conditions. The study was conducted in
accordance with OECD Good Laboratory Practice (GLP) standards and aligned with the Thai Food and Drug Administration guidelines for herbal
product development. Nonetheless, further in vivo toxicity assessments are required to fully substantiate its safety profile, support consumer

confidence, and facilitate its potential application in commercial product registration.
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1. umin

Tuamumsaitagtuiiiaafivanndu PV
2.5 wazlsnszuin msunildayulnsiiegua
guan visen1siulsznuayulnsduedadums
Lﬁaﬂﬁéﬂuaﬂamns’ﬁu lesnnanunsadasiady
aefiAuiy ann1IBNLEY ULartieUnTauN N U
nslfayulnsaisléennusedasyfauagldly
USunafimangan nsiidusseznaiuiug vie
Ysnasnniiuluenadmansenudesanelagnss
warlneden visedmansenulhnauduiviuly
STUULINUBATNURIS1INIY 91 lilAnn1snane
wugluseavdu Taslulen viefdwe uailug
T3asne wu lsaueisennag [1] Tudagduanidems
Inenmansiianuinmiianntu weiase lutes
UfAnslagnitmuniteldlunisihszSamanseny
Aoansiugnssy neweialunisnsivdeuniadu
2 86U Ao syauddue uaysyaulasiulyy dmsu
msfinuisjatiunmeaoulussiulasluluude T
nsmsiadaululasiieded (Micronucleus test;
MN test) Faduneiaildnsasulilasiunioa
finanTudndasialey acentric wie Tnslalawsia
wisitlsllesmegluiandvandnszinansyuiuns
wawad Masiuturedhilasindoaanunsaldidu
éh'ijq%m’mhjLaaﬂﬁmqﬁuqmm (Cytogenetic
marker) [2]

wzuviudFeinemians Zanthoxylum
myriacanthum Fowedineneans Fagara odorata
(H.Lév.) Hand. - Mazz., Zanthoxylum odoratum
(H.Lev.) H.Lév. \Jusiu [3] dnagluied Rutaceae
ﬁ%a?ﬁ'uq W wWInviay, gnszana, Miasu (luna
nana) wzuty (Qunawile) Thutdaluniviedy
nziueendedls Tulsswalnenudiulnglunia
wille Snvaugmmguaansiiuliiuiurunnans
fdlvg) ddusiudondimionynn Aslsumun luBes
aduLuUTLUnduAen Tudessiuau 18-20 Tu aen
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Wudensyateusinalatvyaanseiiugenly
wanasl Tsaiiat naunenguadeind assmammie
PUNUIUTIN WU TUAN anAIUAY LaTUATIDIEn
(4] Tunmanmsunndunudulglunisarsie [5]
asimmuazqw%‘mamé’ﬁwm fignslunisdnu
ayuadasy sunssniau (6] subida uazsiuuzss
Judu [7, 8] deyanislasuinisvesuzuiuay
Usznaumeleams uazansemsnee lganiy
Aonfiu £ Adgaauiilunisazangluluiuldd o]
nadlasrUsEnaumaAiivianesia W Coumarins,
Scopoletin, Xanthoxyletin, Limonene Wag
Terpinen-a-ol tJuu [10,11] YonNLTLUIUSs
ffneawmaAsugiageannisdseeniiteldly
QIEANNTIUDMNT Yview uaven nsu3vin1sinens
la51891unan15d1599371ul 2560 N5dI88N UL
JuilothlUudssuiSundndamifiuTunaminnii
20,000 Alansuuiis [12] Mndeyatneiunzuiudu
undsingaviiliiusgrsunsnats wazdasswan
Tumssnulsaunnine Suiithaulafiesfnedsy
Wienfunzuiu Tnedistesunisanelugiuiie
NV @A MULAZNAAIULENIUDALALLENITU
fienududy 500-2000 me/ke laifefimdsundy
Tudnineaos [13] wazd1sanANLLIIUAIY 60%
leyueaian C, fiolwaa Human dermal fibroblast
WU 391.8 + 0.01 pg/mL [14] umnseenlsiniu
Toyaninulaanduiiidnlauianiznadneans
Wugnssudsliegnednin mmeaeululasiuafed
(Micronucleus test) #1u OECD Test guideline
No.487 sfiaudaalunisuseiliuanudemese
Taslulwaumionisnanewusiionaifiuanandssde
uziswiselsAnaiugnssy Inenisaiiunisanels
110357114 OECD GLP (Good laboratory practice)
Igtreusesmnugnies Amindedio uazns
gausuluszduana nanuniadiinguszasdifie
Usziliuanuduiieseansiugnssuvesansanoana
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UgkvIY Liteaduayunsliustleviegisasndy

wagliiuyamABaATYgNeg gy

2. gUnsaluazIsng

2.1 ﬂ’ﬁﬁJ'W]iﬂTLlLLa%ﬂﬁ'ﬁLﬂﬁ

EJWW%L??ENL%E? Roswell park memorial
institute medium 1640 (RPMI 1640) ¥a%097n
American type culture collection (ATCC)
(Manassas, VA, USA), Fetal bovine serum uay
100X Antibiotics-Antimycotics (Gibco ,Grand
island, USA), 4-Nitroguinoline N-oxide (4NQNO,
CAS No. 99-56-9), Colchicine (COLCH, CAS No.
64-86-8), Cyclophosphamide monohydrate
(CP, CAS No. 6055-19-2), Cytochalasin B (Cyto B,
CAS No. 14930-96-2) wag Dimethyl sulfoxide
(DMSO, CAS No. 67-68-5)(Sigma-Aldrich,St. Louis,
MO, USA), Potassium chloride (KCl, CAS No.
7447-40-7), Sodium chloride (NaCl, CAS No.
7647-14-5), Methanol (CAS No. 67-56-1) iay
Ethanol (CAS No. 64-17-5) (Merck,Darmstadt,
Germany), Propidium iodide (PI, CAS No. 25535-
16-4) wag Fluor shield mounting medium with
DAPI (Abcam, MA ,USA), S9 Enzyme (Moltox, NC,
USA) wag Cofactor-lI (Oriental yeast, Tokyo,
Japan)

2.2 WARIWIZAES
waduywdaenusaulnuaadviin TK-6
(Human lymphoblastoid cell line, TK-6) 5®%@%1ﬂ
American type culture collection (Manassas,
VA, USA), Tgsunisinzidesdusimsiasarad
%iln RPMI-1640 7i#l fetal bovine serum (FBS)
Jeway 10 wazeUTiusmildadu/ansuladegu
$ovay 1 1assneldannzmunuiiguugd 37°C
asveulneenlesiosay 5 wazAuTuNINAT

Saway 70
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2.3 JngfAvayulng

HaNzuYIY 9gUsEIN 4 Wou iiulwdeu
WeAINEU 2567 Tuituil e.siv¥mn 2.1y Faegh
auulnsliunismsieaoy szyBemainenemansli
Qﬂﬁifaﬂ wazLAuMBE1s Voucher specimen @il

DMSC 5370 91999NARsAUeINY NSuANeAans
ASUNNE

2.4 %”’umaumsaﬁ’ﬂwamwu'juuasﬂfmﬂu@mmw
naAdl

ULUVIUILLAULRNIZEIUVDING VINAIY
axonadenisanan fwaslvuane uasldeuusie
Tugevaufou gamgiuszann 50°C A1niuun
faedraifunsazidon annlaneisnisnidn
(Maceration) fn8 95% Loyuea Lsuehmiﬁqmmﬁ
ot 1unan 48 Halus udnhanslunsesmenudag
f4N309 LazNTITIRIENITEAENTEY Whatman®
no.1 Wlvansduduiudeniosndusyineans
wuunyU (Rotary evaporator) wagyinliasuis
wuuLtBanuds (Freeze drying) laansarnuiis
HANZWIIU (ZM) ArupuAnImIaeiinemadn
High performance liquid chromatography
(HPLC) UszandnuiBues Shu et al. [15] lagld
L-Asarinin (Chengdu bio purify phytochemicals,
China) Juasusd (Marker) wi3auansaia ZM
WU 10 me avargluluyuea 1 mL g
sheiaes Vortex Lite Wavaneiiniuoeasysel th
TUrua3esdansleiin (Sonication) Wunan 5wl
warduinissdieinies Centrifuge ol
ansazaneiegiindeudmsunsiinseid uaz
1A512% HPLC dewedes Waters acquity ultra
performance LC GRL Hypersil GOLD C18 (2.1
x 100 mm vuAeYM1A 1.9 pm) sieiiriuaedl
s Acquity UPLC BEH C18 (20 x 4 mm wu1a
oun1A 1.7 pm) davinazatsiadeuil (Mobile

v

phase) Usgnaumy azdlalulnsd (e A) wagun
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naunsanasin 0.1% (& B) I¥n1slaseiuauida
4 (Gradient elution) Tneildnsinislnadi 0.3 mL/
min fafuansly Table 1 USumsfidadngszuy
1 L asra¥aiinnue1andu 235 nm

2.5 fumaunisnagaunisislulasianivavas
ansafnrauzuviuluwadinnzdes TK-6 (3199
75971 OECD test guideline No. 487 [16])

2.5.1 n15aNYaa

JUwad TK-6 waznsI13daunNiTInues
wadeAsosTusIwIuwasuUUSalus® vinns
furangadiiield lunisnedsy lnsaswad
T 6-Well plate finnuviuiuiy 2.4 x 10° wadse
vaw vavaz 2 mlL Undsugadlufuauuy 19
mfveulasenlusfigmgl 37°C asusulasonlas
¥away 5 LazAnuTuLnninderay 70 Wunan 24
flae

2.5.2 n1snadavans

Yrwadiivuasu 24 Fluaunduandae
m‘%laamgum‘im Unansavaredrauuiiandoud
AENOUWAS [RuENSIAdBUT 3 naulawn (1) nagu

Table 1 Mobile phase gradient conditions

nnaeuszezduluszuuTitieulad s9 (Fudaans 4
$lu9) (2) numeaeuszezduluszuuil laifioulesd
59 (duiiaans 4 $219) uaz (3) nauMAdoUTTEZIT)
Tuszuudilifieuled 59 (Fuiaans 24 4lu9) usaz
ngu gnunseansafaNauzuvIy (ZM) Aszdu
AMUTNTULANANSAY FRIANINTunAdeulaan
nansnageutsendosdu (Preliminary test)
(Table 2) nguAauAuly Deionized water (10% v/v)
Junguanuaudeau way DMSO (1% v/v) ungu
muANFvhazats vzl CP, 4NQNO uag COLCH
T duansmuaudauInmum N T aNTe sz
STUU ﬂuémlﬂué’ﬂumaéﬂunm 4 s wle
ASUAIMUAYIRI8E19N1SNAGOURUUTZEZEY
(Short-term) fradinazlaifhoulesi vianstunn uay
Wwnansazanglelvnata@u O (Cyto B) Asdudu
3 pg/mL @nTunIInaasuLuUIEEze (Long-
term) filsifiioulwsinszdu (59) ifnansazanslolnan
a1@u T (Cyto B) Wildmnududugaving 3 pg/mL
Thi0g1amsAdeULUUSEEYaY uaYsEEzE1IUY
solugiiuwadiduszozim 20 Halusrowhnsiiv
Aewwad

Time (min) Acetonitrile (%) 0.1 % Formic acid in water (%)
initial 6 94
5 25 75
8 25 75
9 55 45
13 55 45
14 70 30
16 70 30
17 6 94
18 6 6
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2.5.3 maifuiiguvas

Wishegramadiudunnuasliunansazane
fundoudmvneuad vasazats 0.56% KCl
Uues 1 mlL thiuiusn Wisansazans Fixative
solution 1 (Fixative solution 2: 0.9% NaCl; 1:1)
U195 1 mL Uuilgaumgdl 4°C Wunan 5 undi ud
dludiunn anntufinansazane Fixative solution
2 (Methanol: Acetic acid; 5:1) U3u1#5 1 mL Ui
gamgdl 4°C Wunan 5 wit wdniludumn uag
fifiutunouiiindn 2 af ddedurionmni
4°C \Juan 1 Au wdavded1sdendsae
Propidium iodide (PI) Snasuualadaniuvend
Fluoroshield mounting medium with DAPI

wazUnmsnszandlan (Cover slip)

[Number of mononucleate cells; N
CBP' — MONO

1+ 2 x [Number of binucleate cells; NB‘] + 3 x [Number of multinucleate cells; N ]

2.5.4 msanTzviainulunviawas
(Cytotoxicity) uazargrurululasiundeanae
J¥UU Meta systems

AA1z9A Cytokinesis block proliferation
index (CBPI) 199015t Uwaad U0 19Uy 500
wad/fete uarnsiadulilastamdeadiindu
(Micronucleus frequency) Mnigadfiilaesiaunea
(Binucleate cells) 31uUBE19TRY 2,000 Wad/
feeng lneruiuAl CBPI uazSesavauluiiy
ARIYARMILLUINTG OECD test guideline no.487
[16] a3 fvid

MULTT

[Total number of cells; N ]

saa

= PUIULARNY
NO

N a =

= PIUIULRINTNINNTT 2 DAded

v

= PIUIUARVINUATIUU

%Cytotoxicity = 100 — 100 x

CBPI_= fin CBPI vasnguiils¥uansnagey

CBPI
c

A1 CBPI vasnguAIuAL (Control)

AL

N 1 fedea (Geliuvagad)
N, = $nuwadii 2 dedea (Hunsuds 1 ad)
N

N

(CBPI treated - 1; CBPI - 1)

(CBPI control - 1; CBPI_~ 1)

naTlunsfivunaududugeanvesnisnageumiseglussauineiAnnnuduiiviewadusyana 55

+ 5% [16]
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2.5.5 N5UATISIRAUAZTA

Yoyanauifevazvoslulasiinioa
(9%MN) gniinauslugiuuudieds + dmdoauu
1195514 (Mean + SD) 91NMIVInaaIRE1NUaY 3 %1
(n = 3) wagNTIATIEVANULANAYDIATLRAY
nsiinlulastindeavesnqunaeusieg eudu
NANAIUANITNAY WATIENANUUUTUTIUNILGYD
(One-way ANOVA) fisedutiediday 0.05 (p value
< 0.05) seAdues Tukey HSD laglgeeninas Graph
pad prism version 9.5.1 (CA, USA)

ozoé
ujaf A
0.18
0-14:
0.2

7 o1u§
o0 |

0.08 |

3. HAN15IYLATINT

3.1 HANTANANANZUYTULAZAITAIUANAMAIN
maad

ATANANANLUVIUENAMIY 95% LonIuea
I8ansafafiidnwariwudianardiinna 1e
%Yield WINAU 14.32% WaYHANITILASIZIAIY
HPLC wu31 L- Asarinin ﬁﬁag”lumiaﬁ’mamam
AU 0.040 + 0.001% w/w lAsuilnunsy
YosansafnuzuUIuAia L- Asarinin (Figure 1)

12652

L-Asarinin

—

4,00

0.0
3 008
0.06
004
0.02
0.00 2.00

4.00 8.00

800

1000 12.00

Minuten

0.0 —MM.—MAAA—M’AJ

8.00

12251

F&m L-Asarinin

10,00 12.00 14.00 16.00 18.00

Minules

Figure 1 HPLC chromatograms of (A) 0.01 mg/mL L-asarinin and (B) 1.00 mg/mL ZM extract, each with an

injection volume of 1 WL, detected at 235 nm.
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3.2 Namimaauﬁ’l%auﬁaaﬁu (Preliminary
test)

Tunisneageunisnelulasipdoauesans
afenanzuviuluaded 1@dfiunsvadeutines
Wosuilomdas anududusuduiidaunduiiv
oglutnafidvun (55 + 5%) Aumdninausi OECD
Test guideline no.487 HANUIUTUAINTUNNT
negeaundngnidenuieUseiliuainnanIInadaey
1hes Tnemsnadeuuuusyoraulussuuiiiioulsd
59 NedauUTiALEeY 25, 50, 100, 200, LA 250
ue/mL FeenudutuSusuiiden fe 200 ug/mL
HArSevaranuduiiwiewad (%Cytotoxicity)
Wiy 46.48 + 0.15% nsve@eULUUSEEEaUlY
szuuiililfioulesl 59 neadeufiauduty 25, 50,
100, 125, 200 pg/mL laevinn1TUsziiiug9au
Wadusendng 125-200 pe/ml ilesaniinay
Guduil 125 pe/mL Adesazauduiiviowad
(%Cytotoxicity) #1nInamiifnuaLayAIL
Wt 200 pg/ml ganinnasindwua Jadenmnw
Gusuduild e 150 pe/mL wAzAITVIAROUKUY
szazeluszuuiildfiioulesl s9 naaeuiiniu
Wt 70, 75, 80, 100, 125 pg/mL Wuinnnsau
audududisnanuduivwunasifimnun 39
fsuaanududuEududl 60 pe/mL dwsunis
negaunan (Table 2)

3.3 amsnadaunisne lulasiedgdvesansann
NANZHYIUY

3.3.1 wan1snadeunisnelulasiunbed
YauFIsaRNau MY TURUUSsesa U lusSUUT
taulesi S9 (Short - term with S9)

nsAnwnsnelulastiiedvavesasann
HauzLUILTiatage 95% weviuea luwad TK6
wuusveradluszuuiitioulss] 59 auavegey 5

83

56U e 12.5, 25, 50, 100 way 200 pg/mL Lans
AsesazvesnsiinlulasiAdud Wiy 1.33 + 0.38,
1.52 + 0.68, 0.73 + 0.16, 0.82 + 0.12 way 1.44 +
0.32 Aua1eiU (Table 3) WUIWNTEAUAILTUTY
Mineaeulupdstiuanimsinlalnsiundealiuan
Ansegafituddmeada (p < 0.05) ewisuiu
nauAIUANaY wagnsUszdiua fosavauludiv
Aowaa (%Cytotoxicity) wamsliliuinsyAuaIIm
\Wuiivdewadvesaudutugsgnogluasivng
AUAUBANLNUTIIOY OECD Test guideline no.487
[16]

3.3.2 wansuaaaunisnslulasidundes
YasaIsaRanaNs Y IULUYSEEza U s Uil
toulwsl S9 (Short - term without S9)

nsAnwnsnelulasiiedvauesasana
NauzLUILTiatage 95% weviuea luwad TK6
wuuszerailuszuuitldfievled 59 Avunanadey
5 zau lawA 25, 50, 75, 100 way 150 pg/mL Lans
Arferavanuivesnsiialulasaded wiriu 1.09
+0.24,0.93 + 0.21, 1.00 £ 0.11, 0.80 + 0.33 W@y
2.57 + 0.92 muaeu (Table 4) WumnsEAUANY
duduiliveseulundsiiuanimmalunsislalag
Tumdealiunnansegedidedfgynieada (p < 0.05)
LﬁaLﬁwﬁUﬂEjmmU@uaU snuiufisyiuAnuEdy
150 pg/mL LaniauLaNFANeE9iitd1AgnIa
ahd (p < 0.05) waynsusziiiuASesazAudu
furawas (%Cytotoxicity) wanslimiiuinsesiu
anuduiiviewadvosmnudidiugegreglutied
WINTEURUNANLINMUINYBY OECD Test guideline
no.487 [16]
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Table 2 Preliminary cytotoxicity test results for dose selection

) v » %C Cytotoxicity
nquwﬂaa‘u GREN G DRAY) AIULVUVU
Mean % SD (n = 3)
Negative control (DI) 10% v/v 0+ 0.00
Solvent control (DMSO) 1% v/v 0+ 0.00
CcP 10 pg/mL 52.07 + 0.83
Short-term TI1 25 pg/mL 6.10 £ 2.34
with S9 TI2 50 pg/mL 6.94 + 1.47
TI3 100 pg/mL 10.82 + 2.10
T4 200 pg/mL 46.48 + 0.15
TI5 250 pg/mL 67.38 + 6.32
Negative control (DI) 10% v/v 0+ 0.00
Solvent control (DMSO) 1% v/v 0+ 0.00
4NQNO 0.03 pg/mL 15.69 + 4.89
COLCH 0.02 pg/mL 25.30 + 2.95
Short-term
T 25 pg/mL 332+ 1.36
without S9
TI2 50 pg/mL 9.69 + 1.28
TI3 100 pg/mL 24.23 + 0.90
T4 125 pg/mL 26.11 £ 0.33
TI5 200 pg/mL 65.03 + 0.78
Negative control (DI) 10% v/v 0+ 0.00
Solvent control (DMSO) 1% v/v 0+ 0.00
4NQNO 0.03 pg/mL 17.32 £ 0.43
COLCH 0.02 pg/mL 4.69 + 2.77
Long-term
TI1 70 pg/mL 65.42 + 3.29
without S9
TI2 75 pg/mL 71.82 + 5.77
TI3 80 pg/mL 81.29 + 0.49
T4 100 pg/mL 7791 + 0.65
TI5 125 pg/mL 75.66 + 0.48

DI: Deionize water used as negative control, DMSO: Dimethyl Sulfoxide used as solvent control.

CP: Cyclophosphamide monohydrate used as positive control (clastogen) with S9 enzyme.

4NQNO: 4-Nitroquinoline N-oxide used as positive control (clastogen) without S9 enzyme.

COLCH: Colchicine used as positive control (aneugen) without S9 enzyme.

TI: Z. myriacanthum extract (ZM)
SD: Standard deviation
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Table 3 Cytotoxicity and micronucleus induction of ZM extract on TKé6 cells following short-term

exposure with S9 metabolic activation

Short-term with S9

v v %Cytotoxicity %MN
Asnaaey AR Mean + SD (n = 3) Mean % SD (n = 3)
Negative control (DI) 10% v/v 0 +0.00 1.28 £+ 0.28
Solvent control (DMSO) 1% v/v 0+ 0.00 1.21 £0.17™
Ccp 10 pg/mL 54.27 + 0.08 2.23 + 0.31*%
TI1 12.5 pg/mL 3.19 £ 0.86 1.33 £0.38™
TI2 25 pg/mL 6.10 £ 2.34 1.52 £ 0.68™
TI3 50 pg/mL 6.94 + 1.47 0.73+0.16™
T4 100 pg/mL 10.93 + 2.10 0.82+0.12™
TI5 200 pg/mL 47.04 + 0.64 1.44 £ 0.32™

%MN: Percentage of cells containing micronuclei compared to the total number of cells scored.
DI: Deionize water used as negative control, DMSO: used as solvent control.

CP: Cyclophosphamide monohydrate used as positive control (clastogen) with S9 enzyme.
ANQNO: 4-Nitrogquinoline N-oxide used as positive control (clastogen) without S9 enzyme.
COLCH: Colchicine used as positive control (aneugen) without S9 enzyme.

TI: Z. myriacanthum extract (ZM)

SD: Standard deviation

ns: Not significant differences compare with the negative control (p value < 0.05).

*: Significant differences compare with the negative control (p value <0.05).

85



Thai Science and Technology Journal Vol. 34 No. 2 March-April 2026

Table 4 Cytotoxicity and micronucleus induction of ZM extract on TK6 cells following short-term

exposure without S9 metabolic activation

Short-term without S9

o o %Cytotoxicity %MN

Asnaaey ATy Mean % SD (n = 3) Mean + SD (n = 3)
Negative control (DI) 10% v/v 0+ 0.00 1.12 + 0.20
Solvent control (DMSO) 1% v/v 0+ 0.00 1.11 £ 0.18™
4NQONO 0.03 pg/mL 24.29 + 11.69 2.49 + 0.26*
COLCH 0.02 pg/mL 27.30 £ 7.29 4.11 + 2.08*
TI1 25 pg/mL 6.37 £ 1.32 1.09 + 0.24™
TI2 50 pg/mL 16.32 £ 0.16 0.93 + 0.21™
TI3 75 pg/mL 14.67 £ 0.57 1.00 + 0.11™
T4 100 pg/mL 2793 + 1.23 0.80 + 0.33™
TI5 150 pg/mL 50.00 + 3.02 2.57 + 0.92%

%MN: Percentage of cells containing micronuclei compared to the total number of cells scored.
DI: Deionized water used as negative control, DMSO: used as solvent control.

4NQNO: 4-Nitroquinoline N-oxide used as positive control (clastogen) without S9 enzyme e.
COLCH: Colchicine used as a positive control (aneugen) without S9 enzyme.

TI: Z. myriacanthum extract (ZM)

SD: Standard deviation

ns: Not significant differences compared with the negative control (p value < 0.05).

*: Significant differences compared with the negative control (p value <0.05).
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3.3.3 wanisuadaunisnalulasiundea
YaeasanARANLY TURUY eI TussuUi il
touleai S9 (Long - term without S9)

nsAnwnsnelulasiiedvauesasann
HauzLUILTiatage 95% wviuea luwad TK-6
wuuszazemlussuuiilifieuls 9 flvunanaaey
5 s¥au lon 6.25, 12.5, 25, 50 Wag 60 ug/mL
wanarSeazaudvesnnia lulasedea wiriu
1.30 + 0.43, 1.38 + 0.58, 1.15 + 0.58, 1.15 + 0.43
wag 1.49 + 0.32 MuaWU (Table 5) WUIYNTEAU

anududuillineaeulunditiuaninnudlunsia
TulastiuedealiuandnsegneiidedAgnieads
(p < 0.05) laieufiungumuALay WaynTUsEEY
Asevavauduiiudaas (%Cytotoxicity)
lumsmegounandliiunssruanuduivromwad
aglurafimnzaumumndninausives OECD Test
guideline no.487 [16] ¥nIUANLINTY 60 ug/mL
Tid1anuduivdoisadganinusifidnue
Winfiu 64.42 + 7.26%

Table 5 Cytotoxicity and micronucleus induction of ZM extract on TK6 cells following long-term

exposure without S9 metabolic activation.

Long-term without S9

v s % Cytotoxicity % MN

Aamaaen ATy Mean % SD (n = 3) Mean £ SD (n = 3)
Negative control (DI) 10% v/v 0+ 0.00 1.18 £ 0.19
Solvent control (DMSO) 1% v/v 0+ 0.00 1.28 + 0.15™
4NONO 0.03 pg/mL 29.40 + 8.41 2.71 + 0.33%
COLCH 0.005 pg/mL 6.43 +0.13 3.64 + 1.03*
TI1 6.25 pg/mL 491 +0.79 1.30 + 0.43™
TI2 12.5 pg/mL 10.46 + 0.43 1.38 + 0.58™
TI3 25 pg/mL 20.19 + 1.51 1.15 + 0.58™
Tig 50 pg/mL 53.75 + 0.26 1.15 + 0.43"™
TI5 60 pg/mlL 64.42 + 7.26 1.49 + 0.32™

%MN: Percentage of cells containing micronuclei compared to the total number of cells scored.

DI: Deionize water used as negative control, DMSO: used as solvent control.

ANQNO: 4-Nitroguinoline N-oxide used as positive control (clastogen) without S9 enzyme.

COLCH: Colchicine used as positive control (aneugen)without S9 enzyme.

Tl: Z. myriacanthum extract (ZM)
SD: Standard deviation

ns: Not significant differences compare with negative control (p value < 0.05).

*. Significant differences compare with negative control (p value <0.05).
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4. 39190d
wzududuiiviidnisldlueomisuazen
fiutuanegiinie esnndarsuszneunmand
#aINNae Wi Lignans, Alkaloids Wag Essential
oils Faflgndmataninmanediu nsdneriidnng
AuANAMNMMIATvesasaianauzwiy lagld
a3 L- Asarinin \Juansunnsgiu dnszisemnaiia
HPLC wult@1sanaainnauguyiuiusuin
L- Asarinin Wiy 0.040 + 0.001% w/w 3104U
WeBununisleseesdusznaumaaiivesans
afpdonuzuvivanlpsdeusmesilumenus
wendulagldimada GC-MS WU Asarinin U3ined
6.48% vppeRUsENOUR ML 7] AaudinuySanal
- Asarinin TUHavaI IR NI B9 INTIEY
¥ GeMs Fudden Aruuansnsiiiiazanain
AuvaInianeesduiiefile 33nsatauaznis
AT (Absolute vs relative quantification) W
annsofuduldilufivusuniuiiens L Asarinin s
Tudhuidenuazidn saufadlerfutoyanisiaun
Multi-marker fingerprint Lﬁaiaﬁummwﬂm
ANANVBINAASMNIINUTIINDETUTEAVEN
TusuiAn Laz9INIUITYTIIAUTINUINEIT L-
Asarinin finuluueningvddunissniaudae [7]
Fadulula L Asarinin (uanssdmangnued
(Phytochemical marker) fid1fysagnifanan
uaﬂmﬂﬁmi L- Asarinin c17'1'L"TLJ‘L; Lignan ‘W‘U%'a;gaam
AsUseliumessuu In silico 7Yy Mutagen-
positive (Ames mutagenesis: positive, AU
WHuuszuna 66%) way Micronuclear positive
(ruthagdudszana 63%) [17] e Judiosnis
aansnianlassadislanana (Prediction) watly
W31 L- Asarinin Wuansiiaasiansanlunsiiiu
awsmauqmamﬂﬂwiummaaUﬂ§ﬂ§
msanwnaiintulasiundvavesaisaia
nanzwIulaniunsigenndeeiuluInis OECD

88

test guideline no.487 Msvadeuasiidendivad
dulruanadiveuyudviin TK-6 Fefianuiafiosnns
WugnssuLAziiszUUYoNLL DNA fiauysal dena
Thanunsansianuanuiaunivedasiuloulapens
waiugn [18] wagldn1siasigininuuusnludfnig
S¥UU Metafer 5 [19,20] Lﬁa’l,ﬁmmmilmwﬁﬂﬁau“a
Tusmasnnnelusvesnandudu Tusunsusanan
Huiiseusuluseduuiwed vilvnanisinend
auidette anunsailuuszneuntsussduaiy
Jasnduvesnaniunluseavainalaegiadl
UszanSnn waznisnegeunisiialulasindes
yasansannauzwiuluafedl wuiinisialulas
fmduavosansatnranzuriufiatnsieoniuea
95% luad TK-6 SURIUNSVARDULUUSE B2 A
fifluazliifioules 9 wdsnmeageuLUUsTEZEN)
Flalfioulast 59 nupudvesnsiinlilastundea
(MN frequency) Tunguitld$uasafnliunnsng
agafitfeddyneadd (p > 0.05) WewSeuifiey
flunguAluANaU (Negative control) Tuyngasaany
dudufineaoy sniundunaasuuuussezduly
szuuiilifieules! 59 fmnududugsande 150 py/
mL wuadenuuansisegeidedfgynieaa
(p > 0.05) usdlofiasanauInasives OECD Test
quideline no.487 Fsfnuninnisinnsanasiu
uIn (Positive result) fosdinasiogndlaagnamia
T (1) fimsifinturesaanud MN eehadidediy
msadRunnImisrnududuilludlewseuiiou
funguaruauay (2) Swunlumaisdudu Dose-
response uaz (3) Afiiutudoniudiseiiugu
vowipsufiRnsneldsziuamuduiviiseniuls
(55 + 5%) [16] Fawan1snaaeuliidnnasiniud
Amun Jeaunsaasulainaisadananzuviuly
Aolulastndsanieldiiovlonisnaaouil
wazni1susziiuafesazanuduiiviewad
(%Cytotoxicity) lunmsvagaunsaziiouluuanslii
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wiuhsyauauduiiviewadvosrududugsgn
agjs[,u**zmﬁmmzammmé’ﬂmm%mm OECD Test
guideline no.487 8ALIUANUTNTUEIANTDINTT
NAFOULUUTEETE TR Sasaradufiv
RowadAunInnasifIun Falsignianysediu
msnelulastardeavesansain agnslsAnunanis
‘1/1maa‘u&Tnma‘uﬂqum’mué’ﬂmmsﬁﬁﬁmumlﬂu
OECD Test guideline no.487 afviunlieeeiios
fodl 3 sedumudutuiianansayssdiunanisne
lilpsiandva Fsnsdenldmududusnarndu
11JLﬁaiﬁmawwqmaumeqaqmaamﬂmﬂuﬂwﬁﬁa
annsoUsziunaldegnamnzauuaziioliulad
ansafaliiuualdunenisnaneiusuiluaniogd
waadrulsears nsasudutuiifinandu
fiwannna 55 + 5% saduswmeildluddvnis
\iesesumuLUsiurasnmsnauauerowadusay
LUV WardidonAaanunannIsueIn1sUseIiiungs
g1950UAUANNLLINIG OECD Tngliidanansynusa
Autdedievewanisusaliunnulasnionis

o
o =~

Wugnssulowu wavaideveszwuinlulagiu
Rerduanuuiviuiugnssudedogiles Tned
nsAnwINIsReNaIeRLGVeANsaNnIINUAALAE
wifsHaveaNTARANELYIL (7. imonella) Mafinge
DMSO waluannziifinasldflulasvideide
S. typhimurium @newug TA98 uag TA100 Lae3s
nagouleNd wuinansatnarnudnldfigninng
nenateftugluaniagdiindelidlulasifuide
S. typhimurium g1eWug TA98 wag TA100 lun
ndufusataanrwanyuIdgvsnenaneiuslu

s

anmediilulasides S. typhimurium @newud

]
s

TA98 [21] wardluddenisAnwinisnenaleiug
YeETAfANANLUITY (Z. myriacanthum) Tiafia
&1 95% LovnusameiteNdreonuaiie 5 @
Wugadunisnaaauniunann1s OECD Test

guideline no.471 wuasanaraNzuvIulineln

89

AansnaneiudrodeuvadiFeridlussuuiituay
Lifioulainsedu (59) [22] anndoyanuidednadiu
sgiiuldhaeiugiiuansiusansiumsnonais
Wugfisnadu egrslsfnuaisfinnsanisufunng
npgeudun LleUsziliuaudsdlagsanlusesiu
lana wagnsfinwienulasndeludnivnasiwes
asafnuzueIu (Z limonella) Tafadaeth lag
naapuiiwdsundulunyludaenug ICR auis
OECD Test guideline no.425 WuasanaNsHIu
fiaandudu 5,000 me/ke liuansarmndufivuay
Liiuanse1n1sinung naenszesial 14 Ju uandli
Wiud1 LD, fid1annnin 5,000 me/kg (23]
nwanisnaassluaded saufudoya
nsAnwifitieglutlagiu nuindeyasuaim

[ £ o

Uasndzvesuziviudllegaoutnadiin Insiang
Tusgavluanauasludninnassvesauiug 2
myriacanthum @susuaiwduiisiifinnnumain
anevmsaeiuguargnianldluvalesuiuy Ay
uansnsvesaeugiinadensRUsEnoUNInAlLaE
quismsTandiumnenediu Fansdutadedidnd
Waiarsanlunisuseiliuanudasadeves
ayulwsfenann msfnwidenldusuaiuaeius
7. myriacanthum \ilesoniduaneiiugiinuléinn
Tudszwelve wazlinsuuildlunmsusgneveomns
uenaniiinisaseenludwinsssmaiteliluszdy
goanmnsausneg nfediaduduniesnns
Ussillumnunduiiusoansiugnssu (Genotoxicity)
doidudeyaidesiulunsfaunndydusivions
donsnnayulnsiaing lnsamzlunsannslans
atmemueatutudedaandsddunisgaduniig
sumerhuimivideldey Wy 1a3esdiens vie
wanAnsiaiueIms Teyaiilderatilugnisdnu
soganifiousnansoangvduasnaasuluuiunves
N13AIUANNTASYIAUIATBILATNZISY 3eN1T
W dumsoongrimedanwlududug uenann
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il nanmsfndfeannsalfifutoyaisioudioudio
Aaldenisnisafnayulnsidauvasadogase
WARANNSUNTHAUINAR S agunIn 1neeld
finrsanviinisiine arsafndiedifiudy ile
agviouguuuunsuilnavesussewuiily wasld
Judeyausenaunisivuauinsgiu n1saiuau
AuNNLAzANLUADRBYRINGNSeTayulnaE
auna w3l asinisnwidisdslunalndulunass
VAaed U NInAdauNIsnateiusluwad (n Vitro
mutagenicity testing) mnaadeuaNUuiiuse
Iastulanludnineass (n Vivo chromosomal
aberration test) siufan1sANYIITEZEIUENT
nnaea Wloauayutoyaddineimanififienugn
Fosuaztndetio FsaztavenseiuansgIunm
Uaensiy nmsfuasesiuilan uaziiudnenimues
firuzuiulunisdsesnvenstungdoundn i
Tuawan

5. agU
nansAnwadsbuandiifiuinansatnain
HazuIu (ZM) Tuganeaey Short-term exposure
vantluazldfieuly $9 audvesmisiinlulas
fundsa (MN) lalumnsraiilowfisurunguaiunu
wazanuduiiviowadeglutiunasiniseausy
dmIungu Long-term exposure wiinnudveanis
Fnlulastuadea (MN) Liuanradlewieutungs
AIUAY Lm'mmLﬂuﬁwiaLszjaa‘ﬁmwmﬂwﬁugqqm
\Aunauifitinuama OECD Test guideline no.487
aztoulifuinnsduiaasegsnaiiosoliiin
anufufivsewadunnniinisdudassovdu ud
aunsavedladn uiluaniznisduiaansuuy
REUNAULAEFURALUUALEN @nsafnnInaldeng
LifuwnldunsneliAnlulasiawdsa nsAnenil
wandliiiufennuvaenfeessuuiiugnssuves
asatnnNanzweiy agrelsAniunisusiaaluy
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enseUTINuTaniuly enadwadeguninly

£g o

srage) wasiidAyfesitfiansidenidayulng

v o &

Wignau gnau wargniomsantaneiug \edan
Wvluana Zanthoxylum fAunaInnalenia
Frnmannnd1 250 vlevhlan e19dsnasondy
LANANsYRIBIAUsENOUNATTLAEqVENI9TIn W
Wietaduairsmnuiulasnunsdasade wazdy
wumsdmunsvetunzidoundnfusiayulng

soly

6. NAANSIUUIZNA

ﬂm‘ii‘]’aﬁiéf%’ummﬁuauuwﬂizmmmﬂ
dnnuanenssunsduasiineimans Idouay
WINNTTU (anan.) Used1l 2568 v0vaunseamies
UfuRnsifissauiialudnideyanengnueans
AN, WY WUAS Wguns esfuRnsundvinentu
nsmvANANIWIMaATivesasaia wazidmihi
vieafURnsfwinemaviuilianutiemdelu
n3vhanATeduegned
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