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Mutagenic Activity of Thai Cannabis sativa L. Praw Suppajariyawat et al.
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(wuﬁf”'ﬁ THC : CBD AU 1:6)

HumaumMIaR At

imagtanannaile PTC0601 MU 132 N8 PTC0602 126 N3N waz PTC0729 100 N3u
UANENU laUSnaasana 10.92 AN 8.95 N3N way 7.07 N3N AaLY %yield (NU 8.27, 7.10 WA 7.07%
e dnacsvatlnadngaieegne (Supercritical Fluid Extraction) Iﬂﬂﬁlﬁtﬂ%}maﬁ’miu Speed SFE
U3HM Applied Separations Uszinaanigawnin laaldusedu 250 bar aaumniizasgay (oven) 40 896N
walded Ieeiusana THC waz CBD luasdne @edd High Performance Liquid Chromatography
(HPLC) Tagiha1sana 20 Jaansy  USuUSanasee methanol : chloroform 9:1 1y volumetric flask
2100 10 §95505 sy Twamn 1 985305 USuUSinace methanol 1u volumetric flask 2@

10 183805 N984628 nylon syringe filter 0.45 micron
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anudasmsnsaaziiludaisuswiude S. typhimurium TA98, TA100, TA1535, TA1537
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D-biotin #ail twanii 1 Laitdauiinfu twavil 2 wdauiinfudas 1 mM D-biotin Uanas 100 lulasans
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wan?l 3 tedauAYIueIY 0.1 M L-histidine U31na 100 lulasdns twani 4 wwdaurrjueis 0.1 M
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11361373 rfa mutation a8z R-factor

(@383 MGA plate wa 0.1 M L-histidine USaa5 100 lulasans dmiuEe S. typhimurium
Ehul.%ya E. coli 1%811/!1&%&!%%9’9 MGA wdy 0.05 mM tryptophan @z bacterial culture U163 300
Tulasans aslu top agar NAEIUNENYBY 0.5 mM histidine + 0.5 mM biotin U3nas 2,000 lulasans s
E.coli 0.5 mM tryptophan nanwn U mnﬁgumfchuwauawu MGA plate Tumsnedau rfa mutation
mlalag 93 blank paper disc fishumszhigeadly 0.19 crystal violet 119891 MGA tWaniimihanms
Ao uazlumsnageu R-factor mlaleagu blank paper disc Tu 8 fiadn3u/fiaddns ampicillin
nlidndhumilmaanan hwantniigund 37 asmnuwaides unm 24 %l quamanagaulasdang
38U ) paper disc ﬁﬁj&l 0.1% crystal violet 51LﬂuL§aﬁﬁ rfa aziulzula (clear zone) o lafiuuaiise
wied logdavnaduruguidnanlalszan 12-14 Tadues drunammasay R-factor luwug TAgs

waz TA100 § R-factor lviuuafisadu ampicillin duWugauastia clear zone 59U 7 disc ampicillin

M990 NAAUNR uvr lagld mitomycin C
1) mitomycin C fanudndy 0.2 lulasnsu/disc 119a9ly MGA plate Nuay histidine uay
biotin @%FUEe S. typhimurium Wazkay tryptophan §3uida E. coli guamsnadaulasdiinasay

paper disc aziiuloula (clear zone)

ii”'umaumswmﬂaqu%%anmﬂﬁ’uﬁ:‘lmﬁyau‘uﬂﬁt‘%ﬂwamﬁaﬁ'ﬁlﬁamanﬁmﬁﬂwﬂ 3 #ug (819893590
OECD TG471, 2020)%

mimaaqu'ﬁ(ﬁaﬂmﬂﬁuﬁﬂﬁ% plate incorporation method YnmMinaday 3 7 1hasane
Fananin fNanNasau 5 STAUANNENTY 50, 150, 500, 1,500 Uaz 5,000 lulATNTH/LWaN naNude
Fnaaou USinas 0.1 fiadans (Weildae S. typhimurium TA9s, TA100, TA1535, TA1537 uas E. coli
WP2 Uu 8-12 #las uazlunsdifimanasasegluszuulifioulsingsdu agls 0.1M Na PO -KCl buffer
U305 0.5 §9ddns unu So waulasl LLazmsaﬁﬂaqulwsﬁy’q 5 enudutuasluudaswaan Nniuds
top agar tastnay MGA plate uazUNT 37 aveua o Wune 48 %'aim drumanedau E. coli WP2
AN tryptophan a9luuny histidine/biotin Lﬁamunm ﬁwLwawmdmmsﬂﬁﬂﬁaﬁamiﬂﬁ inverted
microscope tia killing effect Ui background lawn wialsl deudaslumui 1 dwanniusiuu
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Ao o P a = & v P &
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Mw 1B udgasmstie Killing effect background lawn 23 WUS NS DIBBITNANUNA LFAIDN

&
NIIMYYDNLYD

We

HANIIINAN )

asanadananiwaliizyaanyeeie Supercritical Fluid Extraction 28efwuging
3 Wug I¢ansananitsnyaeflurasiaudafama (semisolid) Fmansnma nnmsienzviagalzina
ngu cannabinoids TdU5inmansady THC waz CBD dauaaslumsnaii 1

<

MmN 1 udeedad s THC uaz CBD lunugnymine 3 wug

q

FRAGIDENANIINANYA) THC : CBD Total THC (%) Total CBD (%)
PTCo601 2:1 20.08 12.18
PTC0602 10: 1 38.03 3.55
PTCo0729 1:6 4.28 25.89

HANTNATAUANINURLYTD
wa 4‘1" U ° 1 ‘:3' . . g 4 .
HaMIATIAMENUAERNUIMINAFaUENEWUT (¥ S. typhimurium 4 Wug waz E. coli 1
Wug dnaentfasudiunnmanaday As ANNAaINIINInB:illuBanau/ n3Ulawmu rfa mutation R-factor

o , , e 4
wazANNEAUNG uvr mutation logld mitomycin C daudasluasai 2
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e

P wa . . . & o
NN 2 AUFNUAMINOFDUYAN S. typhimurium woz E. coli TN 5 WUd

Kl

AuaNiGNNadaunay S. typhimurium/E. coli

mﬂﬁ'uﬁ: ANNABINISNIRBsH ludanau/n3Ulawuy

- - . rfa mutation R-factor uvr mutation
Neg His Bi His+bi Tryp
017 Taiviio e
TA9s8 - ++ - +++ N/A
clear zone clear zone clear zone
o Taiviie (A
TA100 - ++ - +++ N/A
clear zone clear zone clear zone
(Ao (in 1o
TA1535 - ++ - +++ N/A
clear zone clear zone clear zone
(i (i i
TA1537 - ++ - +++ N/A
clear zone clear zone clear zone
(N (Ha i
WP2 - N/A N/A N/A +++
clear zone clear zone clear zone
WINEG:  0%8wing - WIneie liinsesyuade

AIDINANY ++  VANEDN iSRS aue LAy +++
AIDINNIY +++ VINEDN HRNMTRIYINNNFR
N/A vanads ldlamsnagau

mam‘snmﬂauqn%anmsﬁ'usﬂm%Lwﬂﬁﬁﬂmaqmsaﬁ’mﬁ'iymﬁ'uﬁ:lm PTCo601 Tuszuulsisivanlasi
S9 (Without S9 enzyme)

m'sﬁnmqwéﬁanawaﬁuﬁ:‘ummsaﬁ'ﬂﬁ’ﬁymﬁaﬁ'ﬂﬁm Supercritical Fluid Extraction #3131%8
wuaiise 5 Wug (S. typhimurium TA98, TA100, TA1535, TA1537 was E. coli WP2) fimnanagay
5 526U (50, 150, 500, 1,500 W8z 5,000 lulasniu/wan) luszuuildfioulasl So amsnaaaswuN
nnwuguaznnuwenagaulinaliiianmsnanarawus lesgainduiulalaiinarewusliladnuiu
sy 2 wh dadisuiu negative control UWAWUANNHAUNAYBY background lawn ﬁﬁuﬁ: TA1537 7
ANAEDU 5,000 lulAsnIn/uan dauaaslunwi 2 a'mﬁuﬁfﬁ'u 1 WBENNYNANATDU background lawn
Uné daudaslumsedi 3

TA1537 5,000 ug/plate (-S9), 10x

Muil 2 Background lawn 284%® S. typhimurium shewug TA 1537 Tunanadau 5,000 lulasndu/iwan
Tuszuulisieulasl So Mmaszens 10X Togaziiumsiie Killing effect background lawn agwu
ANVUTINTININDNUNSY UFOIDNNTONLVDNLLD
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m31970 3 Nulalalinaneiug (Revertant colony) 2avansanafnyxiiug PTCo601 Galdpuuniise

5 wug luszuulaifitaulysd S9 (Without S9 enzyme)

. AN N Taladina1eus (mean+S.D.)

#13606
(ng/plate) TA98 BL TA100 BL TA1535 BL TA1537 BL WP2 BL
Negative  24.6+6.11 N 153.33+10.07 N  9.00£0.00 N 7.33+4.93 N 52.33+9.07 N
v o 5,000 25.67+3.06 N 121.33+15.57 N 7.33+6.11 N 2.33+0.58 K 32.33+4.93 N

FIFANANEYE
1,500 20.00+2.65 N 139.00+11.53 N  7.33+1.53 N 5.00+£2.00 N 49.00£872 N

(PTCo601)
500 17.33+5.13 N 146.33+5.03 N  9.00£3.00 N 4.33+2.52 N 50.67+9.29 N

(-S9)

150 21.33+1.33 N 173.67+6.11 N 10.00+4.36 N 5.67+2.31 N 59.33+14.22 N
50 20.67+3.79 N 162.67+10.26 N  7.00£3.61 N 5.33+1.53 N 46.33+8.08 N

vanewme): BL waneie  Background lawn
N vwwnede  Normal background lawn
K wwnede  Killing effect background lawn

mam‘mmaauqn%’anmaﬁ'uﬂm%mmaﬁL‘%ﬂwmmiaﬁmﬁ'f,}gmﬁuﬂnﬂ PTCo601 luszuuiitaulasi
nssé’ju (With S9 enzyme)

ﬂ1sﬁﬂmqw‘§ﬁaﬂmﬂﬁ’uﬁ:ﬂlmmsﬂﬁﬂﬁ'mumﬁaﬁmﬁm Supercritical Fluid Extraction @4l%#a
wuaiitse 5 Wug (S. typhimurium TA98, TA100, TA1535, TA1537) waz E. coli WP2 Fnanagay
5 5¥hu (50, 150, 500, 1,500 waz 5,000 lalasniu/wwan) luszuviifieulsd So wamsnaaaswuth
ynuguaznmnanageulidaliiiomsdenaewus Tasganinulalafinnewuglildfhuuiy
Wu 2 vh dieisuiy negative control udwuanwAnUnfizas background lawn ﬁﬁ’uﬁ: TA1537
fnunanagau 5,000 lulasnsu/iwan duaaslunmmil 3 duWusaug uasynunanagay background
lawn Uné dauaaslumsnd 4

TA1537 5,000 ug/plate (+S9), 10x

Muil 3 Background lawn 283(%® S. typhimurium sheawug TA 1537 Tinanadau 5,000 WlAsNIN/twan
Tussuudniiteulsd So Nmaszens 10X Tagaziiumsiia Killing effect background lawn

FLNUINHULYDITDIITNNNUVAG LFNIDINITONLYDILTD
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M3 4 Nnulalaiinaeug (Revertant colony) wesansanafuxdaauwuaiite 5 wug luszuy
Houlzad So9 (With S9 enzyme)

. ANNTNTY Talaiinaneiug (mean+S.D.)

GARGHG
(ng/plate) TA98 BL TA100 BL TA1535 BL TA1537 BL WP2 BL
Negative 21.00+6.00 N 159.00+8.72 N 11.00+1.00 N 10.00+1.73 N 50.33+5.77 N
5,000 24.33+7.09 N 158.00+9.17 N 12.00+2.65 N 9.00+3.61 K 42.33+4.73 N

AIINANYE
1,500 32.33+1.15 N 163.00+11.53 N 8.00+3.00 N 7.33+3.21 N 52.00+5.00 N

(PTCo601)
(+89) 500 24.00+2.65 N 170.33+22.72 N 11.67+4.04 N 567+3.21 N 46.67+3.51 N

+S9

150 36.33+1.15 N 158.00+18.03 N 8.67+0.58 N 11.33+3.06 N 62.67+7.77 N
50 30.33+8.50 N 153.00+14.73 N 11.33+4.04 N 12.67+4.51 N 45.67+7.64 N

ningwe: BL e Background lawn
N waneie  Normal background lawn

K wanade  Killing effect background lawn

mam‘mmaaquﬁﬁanmaﬁ'usﬂm%aLmﬂﬁt‘%ﬂﬂaamsaﬁ'ﬁlﬁmjmﬁuﬁﬂm PTCo602 Tuszuulsisivaulasi
S9 (Without S9 enzyme)

msAnmgnitanmenuguasnsasadqymiiaiade Supercritical Fluid Extraction #eldizfa
wueiise 5 Wug (S. typhimurium TA98, TA100, TA1535, TA1537) waz E. coli WP2 frnanagay
5 5L (50, 150, 500, 1,500 Wz 5,000 lulasniu/wwan) Tuszuuitlifoulsyd So wamsnaaaawut
nnwuguaznnunenagaulinaliiiamsnanarawus lesgaindruiulalaiinarawusliladnuiu
wiandu 2 wh aifisudy negative control wazliwuanufiauniiues background lawn lunnwuguas
Namnanasay Gauaaslumsd 5

m35191 5 Nulalatinangwug (Revertant colony) wasansanafiymwug PTCo602 dalauuniitse
5 Wug lussuulaifiaulysal So (Without S9 enzyme)

. ALY Talaiinae1ius (mean+S.D.)

GRRGHIG
(ng/plate) TA98 BL TA100 BL TAi1535 BL TA1537 BL WP2 BL
Negative 24.00+1.73 N 153.67+17.01 N 6.33+2.52 N 3.67+1.15 N 41.00+13.11 N
o o 5,000 20.00+5.00 N 140.00+8.66 N 7.33+4.04 N 5.00+1.73 N 34.33+5.03 N

asananys
1,500 27.00+1.73 N 132.00+7.94 N 6.67+3.79 N 2.33+2.52 N 40.00£1.00 N

(PTCo0602)
500 17.67+1.53 N 152.00+12.53 N 5.00+2.52 N 5.67+2.52 N 41.33+9.49 N

(-S9)

150 16.67+5.77 N 161.67+21.03 N 7.00+£3.81 N 3.00£2.00 N 4500+7.21 N
50 20.67+3.06 N 170.67+18.50 N 5.20+1.73 N 4.00+1.73 N 46.67+5.86 N

vwinewe: BL wanedy  Background lawn
N wwgin  Normal background lawn
K waeie  Killing effect background lawn

NamS‘nmaauqw§ﬁaﬂmﬂﬁ'uﬁfluL%yaLmﬂﬁlﬁ%ﬂwaﬂaﬂsaﬁmﬁmuﬁ1ﬁu§lﬂﬂ PTCo602 luszuuiitaulansi So
(With S9 enzyme)

ﬂﬂiﬁﬂﬁﬂq%gﬁaﬂaﬂﬂﬁuiﬂmﬂﬁﬂﬁﬂﬁiyﬁﬂﬁﬂﬁﬂﬁ”m Supercritical Fluid Extraction @4l%#a
wuaiitse 5 Wug (S. typhimurium TA98, TA100, TA1535, TA1537) waz E. coli WP2 frnanagay
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[ [ Py T L4 '
5 5¢9U (50, 150, 500, 1,500 @z 5,000 bulasnsu/wan) lussuuinbifeulyy S wamsneasanun

4 L4 T Y a v I 4 o = 4 v vy o
nnwuguaznnawenadaulinaldiianisnenarawus lesgannuiulaladnarawusliladanuiy
iy 2 uh Wiafieuny negative control uazlainuanuiaunfives background lawn lunniuguaz

o A
nﬂﬂuﬁ(ﬂ“ﬂ(ﬂﬂaﬂ M LLH@QIN@W?WQ‘YI 6

i 6 Mnulalatinanewug (Revertant colony) 2avansanangyznwug PTCo602 Galauuaiiiie
5 Wug luszuuiitaulyd S9 (With S9 enzyme)

. ANNLT N Talaiinaatius (mean+S.D.)
araana (ng/plate) TA98 BL TA100 BL TA1535 BL TA1537 BL WP2 BL
Negative 31.00+£6.08 N 18.00+22.30 N 14.67+2.02 N 10.00+1.73 N 43.33+10.69 N
asananym 5,000 25.00+3.61 N 164.00+9.17 N 10.33+1.43 N 11.67+1.76 N 34.67+6.43 N
(PTCo602) 1,500 21.33+4.16 N 175.67+11.68 N 9.67+4.07 N 5.00+£252 N 35.00£1.00 N
(+S9) 500 18.33+4.73 N 136.33+29.02 N 12.00+4.00 N 6.33+1.00 N 23.00+2.65 N
150 30.67+8.74 N 180.67+10.02 N 7.33+1.59 N 10.00+2.58 N 47.67+7.37 N
50 27.67+9.50 N 169.67+22.37 N 7.00+£1.53 N 6.00£2.31 N 39.33+3.06 N

vanawmen: BL waneds  Background lawn
N wanede  Normal background lawn
K wnade  Killing effect background lawn

mam‘mmaaqu§ﬁana1ﬂﬁuﬁﬂm§aLmﬂﬁFszl‘zlamwaﬁ'mﬁ'mumﬁ'uﬁ:lnﬂ PTCo729 Tuszuulsisiaulasl
S9 (Without S9 enzyme)

msAnngndnenmeiugaesnsafafymfiaiadie Supercritical Fluid Extraction #4l#iia
wuaiitse 5 Wug (S. typhimurium TA98, TA100, TA1535, TA1537) waz E. coli WP2 fanagay
5 526U (50, 150, 500, 1,500 waz 5,000 Wlasndu/wan) Tuszuuiilifioulsd So wamanaaaswuth
nnwuguaznnunenagaulinaliiiamsnanarawus Tesgaindnulalaiinarawusliladnuiu
viflu 2 1wh iaifisui negative control udwuaNNEAUNGIBY background lawn ﬁﬁuﬁ: TA98, TA100
oy TA 1537 fimnanaday 5,000 lulasniu/iwan dausadlumwil 4 duiugdug wesnnanududu
background lawn Un@ Fauaaslumsd 7

TA98 5,000 ug/plate (-S9), 10x TA100 5,000 ug/plate (-S9), 10x TA1537 5,000 ug/plate (-S9), 10x
MW 4 uaoN Background lawn 2891%8 S. typhimurium seWug TA9s, TA100 uaz TA1537 N2A
nadau 5,000 Lulasnsu/wan Tuszuulifeulyd So inasveny 10X Togazdiumsiia Killing

v

effect background lawn WUSNHMULYBNTDIINNNUNSY ULFANDINIONEVDILED

L NsAsnsNInggassuwng
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m3191 7 Innulaladinarewug (Revertant colony) waaansananys) PTCo729 daauuaiie 5 wug

9

Tuszuuilifitaulasd Se (With S9 enzyme)

N AN N Talalina1o¥us (mean+S.D.)

#1581 0
(ug/plate) TAo98 BL TA100 BL TAi1535 BL TA1537 BL WP2 BL
Negative 12.33+3.79 N 142.00+13.08 N 11.00+5.57 N 6.0041.00 N 39.33+9.02 N
o o 5,000 6.67+1.15 K 34.67+2.52 K 9.00+2.00 N 2.67+0.58 K 43.33+11.00 N

Ssananm
1,500 11.67+1.15 N 99.33+3.51 N 6.00£1.00 N 5.67+1.53 N 43.00£7.55 N

(PTCo0729)
500 11.67+4.04 N 129.00+6.24 N 6.33+0.58 N 6.33+2.52 N 38.67+£7.57 N

-S9

(=59) 150 9.00£5.20 N 144.33+15.31 N 11.00+3.61 N 6.67+1.31 N 41.67+7.23 N
50 13.33+5.51 N 171.67+22.23 N 7.67+4.04 N 6.33+1.15 N 48.33+12.31 N

vanawe: BL wiede  Background lawn
N wwede  Normal background lawn
K wwede  Killing effect background lawn

Namfmmaauqngﬁaﬂmﬂﬁ'uﬁfluﬁiyal,mﬂﬁﬁmaamsaﬁmﬁ'&ymﬁ'uélw PTCo729 luszuuiitaulansi So
(With S9 enzyme)

msﬁnmqw‘éﬁaﬂmﬂﬁuﬁ:wmmsaﬁﬂﬁmﬁﬂﬁaﬁﬂé’m Supercritical Fluid Extraction Faldida
wuaiise 5 ﬁ'uﬁ‘: (S. typhimurium TA98, TA100, TA1535, TA1537) wac E. coli WP2 ﬁwmmmaau 5
5¢0U (50, 150, 500, 1,500 Waz 5,000 lulasnin/wan) Tuszuudideulysd So HAMINAABINUIINANUT
wazynunanagaulinaliiiamsianaeiug Tasgunininnulalaiinaeiuglildinuuindu 2 wh
iawfisuiy negative control LLazLﬁ'aﬁ’qLnmﬁhmu‘[ﬂ’laﬁnawﬂﬁuﬁ:ﬁmummaau 5,000 lulasnsu/twan
sznuhlalailanasUszana 2 uh lafieuiu negative control uannuWuANNAAUNGaY back-
ground lawn ﬁﬁuﬁ: TA98, TA100 waz TA 1537 ﬁ'wmﬂmaau 5,000 Tulasnsu/iwan aauaaalumw
il 5 Feaandostuinnulalaiifianas drunugau | wasnnunanasoy background lawn Und Gauans

Tuemsai 8

TA98 5,000 ug/plate (+S9), 10x TA100 5,000 ug/plate (+S9), 10x TA1537 5,000 ug/plate (+S9), 10x

MW 5 Background lawn 2841%8 S. typhimurium aawug TA98 TA100 was TA1537 Hivwanagay
5,000 Wlasnsu/wan Tuszuulieulsd So Anmawweny 10X Tagasiiumsiie Killing effect
background lawn 2 WUSNHULYNTBNTNNNUNEY LEAIENNITANLUBNLED
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e

m391 8 Nulalatinarawug (Revertant colony) 2avarsanafy PTCo729 dadauuaiise 5 wug

k]

Tuszuufiteulysi So (With S9 enzyme)

L enadadu Talaiinaaug (meantS.D.)
19600
(ng/plate) TA9s8 BL TA100 BL TA1535 BL TA1537 BL WP2 BL
Negative 23.00+1.41 N 178.00+19.31 N 7.67+1.53 N 12.00+1.73 N 42.33+10.50 N
o o 5,000 16.33+3.79 K 69.67+7.37 K 11.67+3.51 N 6.00£2.00 K 39.33+9.29 N
ASENANEYT
1,500 26.67+8.02 N 120.67+11.37 N 10.00+1.73 N 11.67+2.08 N 58.33+7.64 N
(PTCo729)
500 32.00+5.29 N 177.33+13.58 N 13.33+5.77 N 14.67+586 N 52.67+6.43 N
+S9
(+59) 150 33.67+11.37 N 188.0049.17 N 13.004£0.00 N 16.33+3.21 N 56.67+10.07 N
50 27.33+11.93 N 214.33+30.01 N 13.00+1.73 N 14.67+8.33 N 37.33+1.15 N
wanawma: BL vangds  Background lawn
N wwede  Normal background lawn
K wwede  Killing effect background lawn
a 4
AU

funfluisiienmhaula deeniimsldiumagennnulasldiiuedasssnavamsuazen
Snnlsn Mndaduenmiuunulnefisagnduduman 16 35U udsgnlsimuigniienudsduans
dogumw windimahanldlumeitlimanzay Fuihuaueibivmelszmaimsmwuainasmsmuny
fidune Sanu Johldmsiannnuidsesiistamiaemnuadi daiu maahemuiaiiusuaniniaan e
srumssnelse vienathadedianaaziedunnms it Suflusaduandnuezsinuiidasdiiiums
dsusenalneluthyiummemhsnunimaisuasiensuldamiiumsinmideiathinldmemsunnd
meldwszsmiugaaenaalilneatulmi @iuf 7) w.d. 2562 wazlaiimsayanadiuyesigiam
tiaszmnlumsdnwdiseuasdndsd mAdeluduenulssnds viasnumuiivinenienusayuas
anudnfuEselumsdnnise wiedstlemiuazanulasadsunsiuilng minadaugninenansanug
wudaunsdulaglduuaiids F1e19d93aa1n OECD test guideline 471 {lumsnagauiisine ludiuwag
genotoxicity tilal¥lddayaiugudauashmsdnnluisidedn iy ludainasss hilvlddeaguiuivey
Tushuamuiasasezssasimhlunagausaly %'qmsmaauqm%anmaﬁuﬂmﬁaLmﬂﬁlﬁ%ﬂ Wlumsnasau
astedl ansayulns uazndadusigunn Lﬁa‘mmstﬂﬁ'ﬂuLL1Jme‘qaéfwﬁuﬁqﬂﬁu’lm%ymmﬂﬁL%'ﬂ Fasnsiail
fdawaliiiamanmeiusdaasnmeiiaimauilaeduniennliidemsdanmeiugiu 4 ol

< 1

J [ ) 4 < Y a a a o 4 a v & &
L‘ﬁaagﬂwmuﬂﬂLUuLﬁaaustqwsaﬂaslmﬂﬂ‘[smamwﬂﬂnmmwuqﬂsiulm wams‘nﬂaaﬂumsmﬂmmwu

e

hansatafaziuglng 3 Wus fiafade Supercritical Fluid Extraction nasauluBauuaiiGens s wus
(S. typhimurium ﬁ’uﬁ: TA98, TA100, TA1535, TA1537 waz E. coli WP2) nﬂﬂmﬂmaaumﬁﬂﬁlﬁﬂ
masnenanawug neluszuviifuaslifioulminadu Tasguninnulalafinmewuglildainuuiiandi 2 vh
liaifisuiu negative control wawuaNwAaUnGizes background lawn lushsafadyinsaniad
PTCo601 wpifauunii3enug TA1537 sunanadauil 5,000 lulasniu/iwan uazsadngn PTCo729
ﬂﬂﬁL%ﬂLLUﬂﬁL%ﬂﬁué TA98 TA100 waz TA1537 S¢UBNANAFDUR 5,000 lulasnSa/iwan Feaswy
$1Ae Killing effect background lawn :WUSNHazuparafifiunas uansdamsmeuada dalu
MINAFBUILABINNIEDIG background lawn Melenass inverted microscope lasnnsdnuazues
background lawn (Hutnaminiiwas guideline #lFlumsaadulahasiaieimsiuiamsaiaaeida
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ildnasauviald Famsiia killing effect azfumaidoussguilaaludiusassnanagauiimansay
Tumsih g s18numsI9e2a9 Tennille wazane (2018)Y lanadaudseiiuanulannnazasarsana
fymniifians CBD Uszanm 969 waz THC vaenih 19 afasie Supercritical Fluid Extraction lagld
35 bacterial Reverse Mutation ®3 OECD Guideline No.471 funanagau 5,000, 1,600, 500, 160,
50, 16, 5 lulasnsu/man wamanassswuhmnwusuasnnmnanagaulidaliAamananmeiug elu
seuuiiiuaslifioulel waznenumsisares Margitta uazame (2020)7° Feeuiiumsimiioutufuae
Tennille LAZHANMINABBIAFIAARDINUNENUITEEDY Jungae Jeun wuazamy (2011)"° nagaugns
msnenmeRuguazgnsumstanmewugaasmssiawdadaymilaiadensulasifiond doie
wuafiSeWug TA9g waz TA100 wluszuuiiiuazlifoulad Se fiuwnenaaau 25,000, 12,500, 6,250
waz 3,125 lulasnsu/iwan mam'i‘wmaaqwuiﬂajﬂ'Eﬂ.ﬁtﬁmm'snamﬁuﬁ:uazﬁqwﬁﬁwuﬂwiﬁaﬂawslﬁ’utjf
FIYNUMTIYVDY WIN Uazame (2563)"7 ﬁﬂmqwéﬁanmaﬁu'@]’waqmsaﬁ’mﬁ'zgwwwmnmqﬁaﬁ’mﬁm%%
waﬂwa’inqmﬁ'qmm (supercritical fluid extraction) lagl#358198921n OECD test guideline 471 1ut§a
wuaiise 5 Wug firnanasau 5 svAu (1,250, 2,500, 5,000, 10,000 Uaz 20,000 lulAsNIn/Hadans)
Tuszuuiifiuas lfitoulmingsdu samsnasasnuhmsadadaymeananiiiuina THC g namnanaday

s &

) A~ vt Pl v vt < v ¢ oS4 A o ~ )
NONUD ‘VNs[,‘u‘j‘zUU'ﬂNLLG%INNLaul‘ﬁNﬂ%Qu INNQwﬁﬂaﬂajﬂWuﬁq SZNLNaLﬂiﬂULﬂﬂUﬂUNaﬂjﬁw@aaQﬂaq

{iveuazan: wuhasananumwuglnens 3 Wug linaliiiansnareWugiiuidedny Fenym
Wus lnafunugnuandanyasasdszme inziugaeszindaziivsinaamsérdy CBD gann

q
[

waz THC dasnn wawuiwanisnaasdliuaimiaunu ds nawugnnamanasaulinaliiions

s

Aenmewugimnanasey eluszuuiidivaslifioulsl So lumadeililumsdnuidelugaasndam
Fefadafuenanio daunamanasasiilildnaniemsldduiu g vaeinmn Ffiseazinmsdnmdiu
G99 289neE) WU lu 510 984 dald damisseaiaseis msibnmluly Q’u’%‘[nﬂﬁﬁ‘[iﬂﬂixﬁwﬁm%a
fimsiulszmusnusuilagiuviesnau q aslifammeldmiEnnesummdiilosmndslifitoyamsdnm
fanareuasisenszrInayulnsiymuasenurutagiu Nndedsiimsmeaausu genotoxicity auq uive
Wumstudunaliiienudulanniely anadasssiaseidlumsldmulnsaiod fwamanaaasilaanse
hualugradauaslFlumsisadedn wu msanmniwEesiludainaass msanmnalade g ludainaass
daly

asu
9

msmﬂaaum'in'aﬂmtlﬁ’ufﬂuﬂ%ﬁ@umimaawﬁﬂu mutagenicity scope F9fagasiimsann
°1uﬂ’1'imaa11§"u °) 15U In vitro chromosome aberration assay, Mouse Lymphoma assay, In vitro uag
In vivo micronucleus ({udu iiaudunamsdanmeiugieisauiudy asnnmsadadaymnugine
PTCo0601 waz PTC0729 ﬁqwélumsﬂ'ugmﬁm%ﬁgwmL%ymmﬂﬁl,%aﬁwummaau 5,000 WIASNSN/LWaN
6'2“;\1mmeﬁwaﬁ%maamzqiwmnﬁmié’l'uﬁy'\‘mmL%aasé‘l"mlahjmummaauﬁﬁ’uﬁ%msm’%ma\‘lL%yauﬁlmwﬁwa
wazasinsanawzsnanadaui iiiomstudsands dlummesau §iseldhmadonsenududy
5 5,000, 1,500, 500, 150 Waz 50 lulAsnSu/wamn ﬁaﬁ"'uQ’ﬁ%ﬁﬂﬁmﬁwﬁ’uﬁlmuﬂ%’maﬁmﬁwﬁaﬁq
naenNUasasis Fnnuamsnagaumsazmintslumnefivesnhuiawhiu 1,500 lulasniu/wan
manasaviliudayaduanulaanssrasmsadadymiuging iisldauasasuilnauasiiousatssenm
Titenuiulalumsldayulnslngagalanafamnniau

MsEsasiinanenaasmsunng
Ui 63 atfun 3 nsngiay - Mieneu 2564




Mutagenic Activity of Thai Cannabis sativa L. Praw Suppajariyawat et al.

Aeenssndsenma

NuATedla SunsaiuayununIudssnan NN MansMIUNNg 20U UNTAN

WEFTNYT 1FA wazenTIvel anfe wisnmeinnuiajuiamsimnsideaiialauasiasdjuams

Fufindiizarnaoiuideanulns dinnumssageianie asdmsuImsdiudiva Tsanewa uaz

guiinenenaasmsuwndtiendas lumstiudagayulwsim gudasivaauuazsusesqamwayulng

Tumsauauquammaeiivasuenusinaaséray THC uaz CBD 2890308 9AN%) wazdwiim

waslguamsieinenmamuilianudiamaslumsianuidsiuseed

10.

11.

12.

LG ARGANED

. Ussmansensnans gy (Gae ssyeenandalilnylulszan 5 (w.a. 2563). fianuny

@) 137 ADUNLAY oo ¥ (IUN 14 SUNAN 2563). Wi 33.

- UsemansensNansIsoigy adun 424 (W.A. 2564) (309 MUUAIMITNINKES 1) Wi mvie.

TIBHINNYLUNY (aN 138 MBUNLAY 45 1 (TuN 25 QUAIWUS 2564). Wi 32.

. quéidendnslve. “dan” wnmalluiinasegialne lovsalid? [paulmil. 2563; [Fudu 14 .a.

2563]; [2 win]. 2noalen : URL: https://kasikornresearch.com/th/analysis/k-social-media/
Pages/FB-Cannabis-14-01-20.aspx.

. Small E, Cronquist A. A practical and natural taxonomy for Cannabis. Taxon 1976; 25(4) : 405-35.
. yvdiagann. aynINIIUNY BnET n. WUWATIN 2. nTMN : adingany; 2547.

. Anderson LC. Leaf variation among Cannabis species from a controlled garden. Bot Mus Leafl

1980; 28(1):61-9.

. Hanus LO, Meyer SM, Munoz E, Taglialatela-Scafati O, Appendino G. Phytocannabinoids : a

unified critical inventory. Nat Prod Rep 2016; 33(12):1357-92.

. Hill AJ, Williams CM, Whalley Bd, Stephens GdJ. Phytocannabinoids as novel therapeutic agents

in CNS disorders. Pharmacol Ther 2012; 133(1) : 79-97.

. Daris B, Tancer Verboten M, Knez Z, Ferk P. Cannabinoids in cancer treatment : therapeutic

potential and legislation. Bosn J Basic Med Sci 2019; 19(1): 14-23.

Szaflarski JP, Bebin EM, Cutter G, DeWolfe J, Dure LS, Gaston TE, et al. Cannabidiol
improves frequency and severity of seizures and reduces adverse events in an open-label add-on
prospective study. Epilepsy Behav 2018; 87:131-6.

Vuckovic S, Srebro D, Vujovic KS, Vucetic C, Prostran M. Cannabinoids and pain : new insights
from old molecules. Front Pharmacol 2018; 9:1259. (19 pages).

National Academies of Sciences, Engineering, and Medicine; Health and Medicine Division;
Board on Population Health and Public Health Practice; Committee on the Health Effects of
Marijuana : An Evidence Review and Research Agenda. The health effects of cannabis and
cannabinoids : the current state of evidence and recommendations for research. Washington,

DC : National Academies Press; 2017.

Nsasasyingengasmsuwngd
U9 63 atun 3 nsngIaN - AUy 2564



£ Y Y ' Y a o
f]‘l’lﬁﬂEJﬂa'lﬁlwuﬁ:‘ll?Nﬂ'liﬂﬂﬂﬂ']ﬂ’lfaﬂaﬂﬂﬂﬂﬁ NI FANAILNINT UoTAE

13.

14.

15.

16.

17.

OECD Guideline for the Testing of Chemicals. Test No. 471 : bacterial reverse mutation test.
[online]. 2020; [cited 2020 Jun 28]; [11 screens]. Available from : URL : https://www.oecd-
ilibrary.org/environment/ -no-471- rial -reverse-m ion- 9789264071247-en.

Marx TK, Reddeman R, Clewell AE, Endres JR, Béres E, Vértesi A, et al. An assessment of

the genotoxicity and subchronic toxicity of a supercritical fluid extract of the aerial parts of
hemp. J Toxicol 2018; 2018 :8143582. (26 pages).

Dziwenka M, Coppock R, Alexander M, Palumbo E, Ramirez C, Lermer S. Safety assessment
of a hemp extract using genotoxicity and oral repeat-dose toxicity studies in Sprague-Dawley
rats. Toxicol Rep 2020; 7:376-85.

Jeun JA, Cho HJ, Jun HJ, Lee JH, Jia YY, Cho KS, et al. Mutagenic and antimutagenic ef-
fects of hemp seed oil evaluated by Ames Salmonella testing. Korean J Food Sci Tech 2011;
43(3):396-400.

Wi gna3ening. madnwgnddenmeugussnsatadymniaiadmeitusdlvaingedeene. Tu:
Lanmimsﬂs:qu?mmsﬁﬁmmLmeaﬂ%ﬁ 10. Juil 28-29 AANAN 2563. NFUNWA : TNANTYINEN
wiaUsewnalng; 2563. w1 41-53.

MsEsasiinanenaasmsunng
Ui 63 atfun 3 nsngiay - Mieneu 2564




Mutagenic Activity of Thai Cannabis sativa L. Praw Suppajariyawat et al.

Investigation of Mutagenic Activity of Thai

Cannabis sativa L. Extract

Praw Suppajariyawat’ Sutjarit Aunkat' Wijittra Sudhong' Padtaya Sirinantananon'
Sekrachatakorn Buabao' Sarayut Radapong' Phichet Banyati' Siriwan Chaisomboonphan’
Praew Suppajariyawat’ and Pornchai Sincharoenpokai'

'Department of Medical Sciences, Tiwanond Road, Nonthaburi 11000

*Ministry of Justice, Prachachuen Road, Bang-sue, Bangkok 10800, Thailand

ABSTRACT Cannabis sativa L. is an addictive plant, which has been allowed for medical use in
Thailand. This species has been recently drawn attention by the public conducting studies, research and
development, and producing herbal products for medical purpose. The amount of active ingredients, the
efficacy of the treatment and the safety for consumers should be taken into serious consideration. This
herb has been legalized for medical purpose and daily consumption. The notification is enacted in the
ministerial regulation regarding the names of narcotics in category 5, people can take advantage of any
parts of cannabis and hemp (except trichromes of cannabis), which are not classified as a drug.
However, toxicity and safety data are still limited. This study, therefore, aimed to investigate the
mutagenic activity of the fomale Infovescence extracts from three of Thai cannabis, including PTCo601,
PTCo0602 and PTCo0729 extracted using supercritical fluid extraction and then investigated the
mutagenic activity using method complied with OECD GLP test guideline 471. The four strains of
Salmonella typhimurium (TA98, TA100, TA1535, TA1537) and Escherichia coli (WP2) were treated with
five different doses of the extracts at 50, 150, 500, 1,500 and 5,000 pg/plate with and without metabolic
activation enzymes. The results showed that the three trichrome extracts did not produce significant
revertant colonies in all strains of bacteria and all concentrations of the extracts (both non- and
enzymatic activation). However, in-depth testing or mechanisms for safety in animal model should be
confirmed in order to ensure that the Thai cannabis extracts can be consumed or continue to make

products.

Keywords: Cannabis sativa L. extract, Mutagenic activity, Thai Cannabis sativa L.
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