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Mutagenic and Antimutagenic Effects of Hemp Seed Oil Evaluated by
Ames Salmonella Testing
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Eun Soo Kim', and Sung-Joon Lee*
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Abstract We examined the in vitro mutagenic and antimutagenic effects of hexane-extracted hemp (Cannabis sativa L.
subsp. sativa var. sativa) seed oil (HO) with and without S9-mediated metabolic activation, using the TA98 and TA100
Salmonella Typhimurium strains. The MTT assay revealed no cytotoxicity in HepG2 cells for HO quantities <400 g/mL.
In the mutagenicity test, revertant colonies did not exceed spontaneous colonies in number. Colony numbers did not
increase in either strain after HO treatment, with or without metabolic activation. HO showed no mutagenic effects and
did not induce a mutation in either strain. In the antimutagenicity test, HO reduced the number of mutated colonies
induced by 4NQO in both strains. The inhibition rates of HO (TA98, 21-91%; TA100, 21-85%) indicated a potent
reduction in mutagenicity induced by 4NQO. HO showed no significant mutagenicity and may have antimutagenic effects,

as assessed by Ames testing.
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nella Typhimurium strains(TA98, TA100)2 ©]83F Ames test=
ATt Bek 7k diabgel o8] A EE thAREo
g ZAHQ EAHe] 4 7FsAE T AFSATHGS-8).
Z 47 vHE Ames teste EAWHolHolY IELDS A
Eole HlwA ZFAsiar Al&e Ao, AlEde] EdRlel
A 7FeES AARkE dl dolA FHSlEA AREE A
Holth9,10). o] A¥HL 4oz WyE S Typhimurium
(TA98, TA100, TA102, TA1535, TA1537) @52 Algah=dl, #
F9] F5F| wWel frameshift mutants 5(TA98, TA1537) ¥ base-
pair substitution mutants (TA100, TA102, TA1535)2] 27| L&
O yxlo] Xt YRiFo g Aol weEt 2F T 459 A
TE AHESt SES] Edveld S SHste, TAS £ H
TA100 o] A7l FHLHA o8 = ATk11-17).
2 AFolA= S Typhimurium strain TA983} TA100 £2
3t in viro’doll A AEAR ARl ¥ FgEdde] 53
TEEATE AEAH AR 9] 2FHE UERA

e B2 PEdve] TFE 7K #sHc,

.
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EAJgo| ARS8 Dulbecco’s modified Eagle’s medium(DMEM),
fetal bovine serum(FBS), penicillin-streptomycin solution(PEST),
trypsin-EDTA solution WelGENE Inc.(Daegu, Korea) A&&
A3l ARE-3FSTE Nutrient broth= Difco(Detroit, MI, USA) A
E& AHE3I9 e, 3-[4,5-dimetho-thiazol-2-yo]-2,5-diphenyl tetra-
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zolium bromide(MTT), nicotinamide adenine dinucleotide phos-
phate®™NADP) % 7]E} A]2F2 Sigma Chemical Co.(St. Louis,
MO, USA) AIFS A8t SAAF e AMeg vAE #5
£ S Typhimurium TA98 &3} TA100 &< ARSIt

BAA Aulgt S A ARSI MAH S A
Az Fof| 7] YAIE o|fete] et A=A FA

B =] Fakhexane)S H713F & 2407 HoF wHlEE
stk &7 29S g535] A8 FEES Whatman filter
pater No. 2(Whatman International Ltd., Madistone, UK)2} Y&
£ o378 E(045 mm, Whatman International Ltd.)S ©]-83l &=
Aoz AFEATE FF F H2 FdELS FUS ez 2
3] A FEEeH, FEE FHE ke 332 S (Eyla,
Tokyo, Japan)E o]t 35°C, UM AASIATE 7] &
E AAS7 Y3 70°C, ZFEANA 1027 A TSR
), AzxE FSHAFE A ARSI

Gas chromatography-mass spectrometry analysis

Z} A8+ 1 mLe] FZ-8v)[methanol:chloroform:distilled water
2.5 L1VVWIE o83t FE33T) SHES -20°ColA 302
7 FASA EFE F 14,000 pmol A 1557 YAlEe S AA
sith &8 7K 5 AR E Aldste] e 2t
A 4L 15mL TR £ & A5S71E ol&ste X
slth. A%" A& trimethylsilylation® & =43} 3190
AEARTE e A 248 918 mass selective detector
(MSD) system= 23t Agilent 6890N gas chromatography
(Agilent Technologies, Wilmington, DE, USA)E ©]-&3}it}. 7}
AZe 1LE FYI M (split (20:1) mode), HB-5MS capillary
column(30 mx0.25mm, 025m film thickness)2 2 ZHZ&3F%
Helium carrier gas®] $&&5== £9 ImLolH, 28L& 50°C
A SR AE F 280°C7HA] B 5°CH 280°C7HA] 2EE S
A F 587 HEE AR FAL, olF oA £ 20°CE] H
2 32007 A AR F 320°Cel M 53 FASHES X
2RI FY Al EE 230°Co]H, 3FHE-mass spectra
230°Col| 4] electron ionization(EI) positive ion source(70 eV)
o] &3l =743} thmass range of 50 to 550 m/z).

e

EoiEw0lE ¥ & Hi=siEE SN

A& A& 0.5, 0.1 mLe] 10% aluminum nitrate, 0.1 mL2]
potassium acetate(1 M), = 4.3 mL oIE-2(80%)S &3st & 4
oA 4027 HRSAIZATE & iR w0t FTEE 415mmelA &
BEE 23 FARE o4 TEJHE AMEsl] FHs)
ATH18). & T =3YE-S Folin-Ciocalteu 95 o]-&3F 3%
2ol o] AFaitt. =, A1E0.2mL)] 2N Folin-Ciocalteu
EH(1.0mL)Z 7.5% BMRIEE &4(0.8mL)S ¥il 307F vt
Al & 765 oA FHEE 43 gallic acids ©]-8-gF
TG AMEsle] A e

O

f ol o

b4t/

ZEME Hiet

HepG2 M|ZF+= b= MEF 23J4(Seoul, Korea) ol 3}
o} AEE 24-well platesl X 10% FBS9} 1% PESTES &3l
DMEM HI|AE ©]-8&3le] 37°CoA 5% olitstera w7 E o
&3te] wjgatit.

—=
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MTT assay

AEAR] MESAHS AT87] H18] MTT assayss T3 3F
ATk 108) 343 FF MTT £9-& DMEM Hjx]o] &35}
ok HepG2 AIEZE 1.5x10° cellywell®] =2 #53kaL 24A|7F
kst viFeS A AZE 3 phosphate buffered saline(PBS)
dEgAoZ MAFI, serum-free DMEMO| & ¥ AE4AH
£ &alsted(6.25, 125, 25, 50, 100, 200, 400 mg/mL dose) 24
Al wjFstaz 500L o] MTT &9 F7KsE & 37°ColA] 3417k
wjeFalsith. w2 96-well platec] YA HF A EF3 F dim-
ethyl sulfoxide(DMSO; 500 L)yZ 718+ 3 xpgAdelolA 147
S7F w8l 540 nmollA 23S E7g3Isih

ZEEE| CjA} IR

722 A &A= ARE E Rat liver S92 Moltox, Inc.
(Boone, NC USA)ZHE Fdsit}t. FHEFELS S9 fraction
(2mL), 04-M magnesium chloride(MgCl,, 5mL), 1.65-M potas-
sium chloride (KCl, 5mL), 1-M glucose-6-phosphate(0.25 mL),
0.1-M NADP(2 mL), 02-M sodium phosphate buffer(pH 7.4,

25mL), ¥ SH/FF(19.75mL)yE £§ste] Az

Salmonella E21#H0|s HAE

EdHolF HIAEE o AFS upel Zro] S Typhimurium
TA989} TA1002 ARR-Ele] S9 mixture(7H2Z] thAF A2 &
Al FFol wE ZES AT RETH19,20). AEAF(3.125-25 mg)
2 100 uLe] S. Typhimurium ¥iF)S Al el E3st & HF
£3Fo] 700 uL7t =S 500 pLe] S9 mixture == PBSE 7}
3T o] EFES 37°ColA 2087 120 rpmO 2 WHESFEA]
HjeFet & S| AEIM LS S 4mL top agars Al
EESE & AlHAS minimal glucose agar plates?] w5-3FT}. 7}
HH RS 37°CoA] 48A17F |3t T His*-revertant colonies®
NFE &3t Aede EddolsS Adsidh. k24 o
AL BAAE HASHA] &S 79 2-Nitrofluorene(2NF; 1.0 mg/
plate)?} sodium azide(NaN,; 1.0 mg/plate)”} TA98<} TA100] T
g xR A7 ARENOH, 2 it SAAIE
H7+e 7% 2-aminoanthracene(2AA; 1.0 mg/plate)7} TA98 =
TA1009] Y=oz ARS-F U}

Salmonella &&21%#0| HAE

AR gEAHe] B85S A d8 Bl fx
3}3HE2] 4-nitroquinoline-1-oxide(d@NQO; Sigma-Aldrich, St. Louis,
MO, USA)E o|&3t dERlo] HIAEE M3 Ao A3
1S wet AASATH21). 445541(3.125-25 mg)Z 4NQO(0.15 pg)
= 37°CollA 48A17F B¢ vl3F & His'-revertant colonies®] 74
FE &3l ANEe FEAH] T35 A3 dEAN
152 Mol EAo] thdt A2l & (inhibition rate (%)= YEF
e, theat 7o) ALkttt

Inhibition rate (%)=(M-S,)/(M=S,)x100

o

M: E9Ho] {4 22)e WP thET2] His'-revertant colonies
o] Jh

S;: EARo] fF=Al Aeld AFAF A2l His"-revertant
colonies 74~

Sy =/dulZw9] His'-revertant colonies(spontaneous revertants)
iy
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Table 1. Composition of hemp seed oil

Fatty acids (mg/g)
Palmitic acid methyl ester 101.5
Stearic acid methyl ester 33.6
Oleic acid methyl ester 228.1
Linoleic acid methyl ester 536.1
Linolenic acid methyl ester 94.1
Total fatty acids 993.3
Total phenolics and flavonoids
Polyphenolics (mg GAEs"/g extract) 53.2
Flavonoids (mg QEs”/g extract) 72.8
General components (%)
Crude protein 0.9
Crude fat 99.1
Carbohydrate 0.0

Dgallic acid equivalents
Iquercetin equivalents

A 24

Student’s rtest® F3to] thxZ AHEE 5‘13]—719] 914
AT g SAAE AR LY p<0.050|th. BE FX|=
H+F T 22 Ve AT

Zd3 9l I

= &
ABAFo| X4 fhE
AR EA F2 ALk g4k oleic acid, 228 mg/g)

7} gz klinoleic acids, 536 mg/g)elAT. T3 F 532 mg2)
gallic acid B3 (GAEs)/ge] H=33E3 72.8 HAAE F=HQEs)
g9 SR co|=r}t AEHUTHTable 1). ©] AFERE AE4
o a3 7150l iaﬂ/\h} ZsHite] EXSA AT FHgol
=2 A 7RIS & o, o] Yox AEARTT e
H=3lE 9 SEEwolE 3ijEe] A77I5ES SAT=

Aoz AzrEo|AY),

MTT assay
A ARl A AEEYS Hret7] 98] MTT assay
Al&YEIATE MTT assay= A2 W R|EZEE=Z]o} S 93|
FAo] MTT7F Refale] MTTformazan crystal2 M & Uz
E o] &3 WHO R HSsH AR EE AlZEA AR olth
MTTE AollE Al ZoM T tALZES 3122, MTT assaye
AZ APEE ZFdetal aftdor S48 5 e ot
%E% FE4-6-(6.25-400 mg/mL)YS HepG2 %A EA0 A2
1 A] 24A17P sttt 2 A A3 BE Y 5
Jﬂ zqg}]g_q_g J,].stl- 2= %’i?iﬁuﬂ(l:lg.
7P hzA] W FAEANA A ZAG G 3

AERAY S ST 5 ATk

il

Ames test
/E}&N o FX p:]. Eixu
_"

Y F3 5o AL

o 2T o 7]'11_, A
o] 222l 7|TA EdE Hrt v 9}1\01/]. Azl o] =A]
o gt A77t Ryd vt gtk WA B AL Salmonella
TA98 TA100dT5 ©1-83 Salmonella —;a?i‘ﬁo] HEERZ 4

2260 Eado] g2 AFEAUTE AF= Table 29} Table 3
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Fig. 1. Cell viability after hemp seed oil treatment in HepG2
cells. Cell viability was assessed with MTT assay described in
Method section. Results are presented as a percentage of absorbance
relative to controls (concentration 0, 100%). The data are means+
standard errors (n=3 per group).

Table 2. Summary of revertants with HO without metabolic
activation

ol Strain (-S9)
mg/plate
P TA98 TA100
0 (negative control) 25.00+1.53 172.00+5.86
3.125 14.67+1.76 213.33+4.26
6.25 25.00+2.52 231.00+22.85
12.5 11.00+4.73 207.67+33.33
25 24.33+6.89 235.67+£19.19

Positive controls 332.00+£53.13 562.33+65.25

Meandstandard error of three plates.
2NF, positive control for TA98; NaN,, positive control for TA100.

Table 3. Summary of revertants with HO with metabolic
activation

Strain (+S9)
mg/plate
TA98 TA100

0 (negative control) 24.33+2.40 204.33+2.19
3.125 24.00+6.66 203.33+0.67

6.25 19.67+£2.73 177.67£8.29

12.5 23.67+6.89 252.00+5.03

25 19.33+4.37 181.67+7.97

Positive controls 142.00+31.79 421.33+£8.51

Meantstandard error of three plates.
2AA, positive control for bacteria.

o YeRSITt. k24 tiAF E29A1Q1 S9 mixture] EA] F-5-9F
T dlZzte] Y colonyTE BAHS olWdeH, A
AR "7t 28k conoly 9] F7He WEREA] @kt AHEA
5 Arhe 72d gAREAl Al 2 HIAE T BT TA9S
# TA100 75 ©-&3 AFoNA conolyF=e] F2]21 Aol &
HolR] grokont, PR A9 FolFl T YERIA
o} 2 A3Ay J54ARE 22 frameshift 2 base-pair substi-
tution®l] 9]¢t S|AEIH FY A #4520 S, Typhimurium TA98

(<]
w9 TAI0 -5 A3E o2 Hdshs =dnels FushA
Ses ML ¢ 9191 o olef @ Az Qlell AR A
FAR Rsths 4394 $718 FH e gud & Slth
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Fig. 2. Antimutagenic effect of hemp seed oil against 4-nitroquinoline 1-oxide (4NQO). The 4NQO was included 0.15 g per plate. *p<0.05,

*p<0.01.

T3 k2 thARAAIS) S9 mixtureS AP EHA] ke 24
o4 2NF(TA98TF)9t NaN(TA1002F)e] =l 23 &
ol g AA FHAAALH, S9 mixtureES T A F oA

2AA(TA98 2 TA100Z5)o] tigh gEde] 35 Yepl
ok BE AIY sRolM SRS TASHT9F TA100:

HolR] ¢ttt

AFEL 4NQOd Wi FEdHo] HlAES
YA ThFig. 2). AFARe] ™l A& FEoEAY
AF}E F3lo] H I OM(TAIS: 20.87-90.63%; TA100: 21.27-
84.65%), TA98 w0l tlgt A3|&o] TA100 FFHT} 531
th 2y ASARE AsER AIE A dEddel 2
© TA98 #FollA o W vehsdth o] 43 23 A5di7t
TA98} TA100 w50l thslir Zek Feddol a45 Yehds
& = YATHFig. 2).

Tognolini 5(22)2 4H(Cannabis sativa)= monoterpenes, ses-
quiterpenes 2 phenols3} 22 A& EFS Rt oy
Bg vk gled], AsdR7F Uehlle dEddol a3k oY
& HAAG shtEolA 7Ilske Zer e o ool
e A7l 98l Monoterpenes, sesquiterpenes 2 phe-
nolso] AxA 9 F=dolA FEAR] s ekt
HaEo] 9lth23-27). H3 thE Be A7AFdA ol sitE
o] Frtsta s vehithy Baskal glom, ojg Qs &
Hol 35 U F Uthe Ad7AHAE HIEoUTh28-31).
wEba], 2 Aol weRl AEARe] dEdW] B A
Aol EAlsts HHAAE sig=ol 7IQlske Aom A7 =HH,

2 A7Ake Bugl o], o3 a5 st axel #d
o] Z1& Ao g AlFHTH

B A+EY 4F5AHF+= S Typhimurium strain TA9S 2
TA1000] thgt SRS fEslA] o, o]2ldt Ames testd
7 kg 2 ATk obg SR FEAW
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o
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