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WEN Hairuo, YE Qian, YU Min, WANG Xue, WANG Qi, GENG Xingchao
National Institutes for Food and Drug Control, Beijing 100050, China

Abstract: Objective The S9 mix formula of in vitro comet assay for nitrosamines was evaluated by human hepatoma HepG2 cells,
and 17 common nitrosamines were tested by comet assay to study their DNA affinity and base embedding risk. Method HepG2 cells
were treated with N-dimethylnitrosamine (NDMA), N-diethylnitrosamine (NDEA), N-nitrosodibutylamine (NDBA), N-
nitrosodiisopropylamine (NDIPA), N-nitroson-N-methyl-4-aminobutyric acid (NMBA), N-nitrosomethylethylamine (NMEA), N-
nitroson-ethylisopropylamine (NEIPA), N-nitrosodipropyleneamine (NDPA), N-methyl-n-nitroaniline (NMPA),
nitrosodiphenylamine (NDPh), diethanol nitrosamine (NDELA), nitrosomorpholine (NMOR), nitroso-N-methyl-N- (2-phenyl)
ethylamine (NMPEA), nitrosopyrrolidine (NPYR), nitroso piperidine (NPIP), 4-methylnitrosamine-1-3-pyridyl-1-butanone (NNK),

N-nitrosonornicotine (NNN) under non-S9-activated and S9-activated conditions, solvent control (0.5% DMSO), administration

ks HEA: 2022-04-24
HEEWE: EE+ = HHERHZ 0575 5(20182X09201017) 5 [H 5 [ 4R Tl 5 & W B0 H (81503347)
#ERIE—1EE SO U0 W7 R AL B FE . E-mail : hairuowen@163.com
T Al BT ST O AL R L . E-mail : 1633487699@qq.com
HEBEEE: I HLBR AR T AZS P E . E-mail : sansan8251 @sohu.com
BRGHE , B 9E 03, W T2 07 1A N 25 B R 3 . E-mail : gengxch@nifdc.org.cn



$45%5 F11H 2022511 8 %K"‘iﬂ'{ﬁti Drug Evaluation Research  Vol. 45 No. 11 November 2022 - 2201 -

group with three concentration gradients and positive control group were set up, and methyl methylate (MMS) was used as the
positive control under non-S9-activated conditions meanwhile cyclophosphamide (CP) as the positive control under the S9-activated
conditions. Before the comet assay under S9-activated conditions, taking NDMA and NDEA as examples, the DNA aftinity and
DNA damage risk of three S9 mix formulations to nitrosamines in vitro were compared, then the average and median of %tail DNA
in each group were calculated. Results Seventeen common nitrosamines didn't introduce significant nuclear DNA damage in HepG2
under the condition without S9 metabolic activation. The content of S9 in S9 mix formula C is only 3.36%, whereas demonstrated
the best metabolic activation effect on nitrosamines, and all nitrosamine compounds had DNA damage effect on HepG2 cells under
this condition except NDPh. The order of the strength of alkyl nitrosamines on DNA damage was as follows: NDMA > NEIPA >
NDPA > NDIPA > NMEA > NDEA > NDBA, which had a positive correlation with the number of a-hydrogen of compound. The
order of DNA damage caused by nitrosamines containing phenyl groups was as follows: NMPEA > NMPA > NDPh, and the order of
DNA damage caused by cyclic nitrosamines was as follows: NMOR > NPIP = NPYR. Conclusion This study provides the latest

DNA damage risk data in vitro for nitrosamines, and a suitable comet assay S9 mix formula for nitrosamines in vitro was proposed,

which provides a powerful method for the toxicity evaluation of nitrosamines.
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#799.7%) -NDEA (3t 5 510168-101902, Jii & 47> %
99.7%) ) B H [ B i 2 ik B AT e s N- A 2
T J (NDBA, #it 5 19-NNI-69-61, i & 4> %
99.59%) « N-V.fiF§ 2 — 5% A ik (NDIPA, #t 5 19-NIT-
06-45 , Jii £ 73 % 99.42%)  N- V. i k- N- F1 Jk-4- 51 JiE
T B (NMBA, fit 5 19-NIT-11-70, i & &
99.77%) N-TVfif§ 3 F 2, i (NMEA , #tt%5 19-NIT-42-
70, i & 4> B 98.49%) « N- W i % -N- 2 3 7 15
JliZ (NEIPA , #1t 5 19-NIT-05-52, Jifi & 7> % 96.31%)
N-VAiF 2 — P it (NDPA, #it 5 20-NIT-27-31, Jii & 4>
$799.23%)  N-H JE-N- Al 5 2K i (NMPA , #1L5- 19-
NIT-24-56, Jii & 7 $ 96.77%) W fY 3 — &
JfZ (NDPh, #1t 5 20-NIT-51-39, Ji £ %1 99.34%) . —
VA % (NDELA , #it 5 20-NIT-36-49, Jifi & 53 4
99.22%) - MV fit % 15 Ik (NMOR , it 5 20-NIT-40-52,
JT 5 57 48099.32%) MV AiF 5 -N-F R -N-(2- 8 58D &
Jliz (NMPEA , #1155 20-NIT-46-20, Jifi 5 73 %7 99.93%)
A FE ML % 5t (NPYR , $iE5 20-NIT-09-611, Jii £ 43 41
99.9%) | V. fity ZE WK BE (NPIP, 4t 5 19-NNI-11-15, Jii
50 5097.83%) 4- F L W A e - 1-3- mbmgE g -1- T
fiil (NNK , #it 5 20-MET-49-51, Jii & 43 $7 99.93%) -
N- Vil 25 P4 M B (NNIN, 45 20-NIT-37-64, Jii & 75
#7 99.73%) M H 3 [E Pharmaceutical Chemistry
Laboratory. DMEM 5 7% %& (41 [ Solarbio 2 7] ) ;
0.25% Jally (b A N & EMHE R B AR A D
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NMBA . NMPA . NDIPA . NEIPA . NDELA . NDPA .
NMOR.NMEA NPIP.NPYR:32.5.75.0.150.0 ygmL"',
NDBA. NDPh. NMPEA . NNN. NNK: 50. 100.
200 pg-mL ™) FI MMS CPH % B, 25 pg-mL D4, &F
LA 2 mL % 0.5% DMSO 5% 254 () DMEM (A 57
MF) . # 6 LR ZEE G IR G, BT 37 °C 5%
CO, % N 597 24 ho A1 FH JBERG v AL 20 L, I T =
L1 000 r'min™ B0 5 min, ¢ FiF . 55973
P M MR 22X 10°mL s
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Table 1 Composition of different S9 mix formulations

e 5 A fic Ji B fieJs C

¢y A /mL oy A /mL ¢y A /mL
KBTS K 3.35 KBES K 1 12.5 mmol-L™' MgCl, 1.6
0.2 mol-L™' PNa &k 5.00 | 20molL ™" HepesZ&Mi(pH 7.2) 2 37.5 mmol-L™ KCI 1.6
0.1 mol-L™" B-NADP Na, 0.40 50 mmol-L™" MgCl, 1 12.5 mmol-L™" CaCl, 1.6
1 mol-L™' G-6-P-Na, 0.05 330 mmol-L" KCl 1 7.5 mmol-'L™' B-NADP Na, 1.6
1.65mol'L"' KCI-0.4 mol'L™' MgCl, 0.20 50 mmol-L™" G-6-P 1 9.375 mmol-L™' G-6-P 1.6
10% S9 1.00 40 mmol-L™' B-NADP Na, 1 62.5 mmol-L™' NaH,PO, 1.6
S9 mix & 10.00 30% S9 3 62.5 mmol-L"' Na,HPO, 1.6
S9 mix & 10 3.36% S9 0.4
S9 mix it 10.0

AT B X IR (0.5% DMSO) 4 L 45 2y
H A AW 3 AR EE , 5t i R FE 7 28 1) 48 ff 53 12k
AN # ik 50%, NDMA. NDEA. NMBA. NMPA.
NDIPA.NEIPA .NDPh.NDPA:250.500.1 000 pgmL";
NMOR . NMEA . NDELA . NDBA . NMPEA . NPIP.
NPYR. NNN. NNK: 125, 250, 500 pg-mL™) #0
CP CBH 1 % #8, 100 pg-mL D4 . &FFLE 1.8 mL
% 0.5% DMSO B 2541 DMEMANE TILE AT 0.2 mL
S9 mix. 6 LR E GRS G, BT 37 °C.5%
CO, %M F X7 4 h, 7 L5, PBSIEVE 2 Ik, &

fL¥ I 2 mL DMEM (5 1fLi% ) , & T 37 °C . 5%
CO, % FH: 3220 ho I REGH LA AL, JE T =
HLL1 000 rrmin™ B0 5 min, 7 FiE. A FRAE
e i FEARE 222X 10° mL ™ s
22 EERRK

% I Trevigen Comet Assay® Kit £ 2 6 il i 751
Ul B T 2% 2L AR LM Agarose 25 i 7, I E & H
B . 1.5 mL ARG 37 °CoKIB T, R34 TS In
500 pL Comet LMAgarose. HUH4H A 50 uL, FH
PR GE IR GBS 1~ 2 IR JEEF fRIE A3 5
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oA TR BEAEARAT 240 Bl A R R s
B E T 4 °C LA H 30 min. K BT
4 °CTIA LR B , 4 °C I 7 , A v~ T 1
Uik 3 AR . 24 S A A 1R Ak KR e 3
U BER S mine TSGR FL VKA B 1% UK & A ¥4 20
o KB AT RS R FRUKAE P, SRRV N T4
(R i S CpH > 13D B 3% Fr o =5 3L T e fie i
20 min. FL KT 3 E B RN 32V, M B R LN
300 mA , HL¥K I [8] 20 mino.  HL UK 45 %5, BUH 3 A
BB, L2 KRR, 75 AR HIEYE S min,
B4 A P AR B 15 mine Z JEECHIER BT
T oK CBE VR /K 2 /0 15 min. K5 B A JRCE 38 X
Ab, E R E AR TR . Y rt BRI SYBR
Gold®(1:10 000) 44?30 min, R £ KK, =i .

WE O B T . P 8 45 K )5 fE H Comet Assay
IV (Istem) £ & BRI BAF AT 20 07, BEASHE AL
B2NMNEI BANEALED IS NS R R
DNA & 1 73 % (%tail DNA) , i 5 4 41 %tail DNA
(1)~F- 5348 S A
2.3 HIEALE

FiT A $ 3 2 AR A 2 AN S FLIK ks KR, 0 3
#H J UL & %04 S H GraphPad Prism 7 3% R H 5 A
R E T REAT R b
3 %R
31 FESIEHTHELER

7E 4F SO A IS A0 2% A T (R 2D, FH 1 ) R
4 (25 pg-mL ' MMS) [f] %tail DNA 1 47 50 F1 >
855 ¥ 0 R 20 B A IR 2 T R (P<<0.00 D), #2783

F2 ESOKMG TR S WX %tail DNA FRALEL T HEK N

Table 2 Effects of nitrosamines compounds on %tail DNA median and average in non-S9 condition

i T %tail DNA %tail DNA 3 R S/ %tail DNA %tail DNA
(ug'mL™) SRRV FHIE (ug'mL™) LREDE ) M

T E — 2.46+0.47 4.35+0.68 NMOR 32.5 0.70:£0.12 2.60+0.37
MMS 25 14.38+1.20™ 14.93+0.35™" 75.0 0.98+0.12 2.78+0.19
NDMA 15 1.35+0.23 4.46+0.58 150.0 0.72+0.25 3.17+0.17
30 1.11£0.38 4.37+0.58 NMEA 32.5 1.74+0.08 3.2140.19

70 1.70+0.64 3.98+0.25 75.0 0.94+0.06 2.38+0.35

NDEA 25 0.7140.00 2.71+0.17 150.0 1.28+0.07 3.35+0.18
50 0.41+0.18 2.70+0.38 NPIP 325 0.50+0.05 2.3440.65

100 0.52+0.04 2.44+0.84 75.0 0.35+0.02 1.81£0.21

NMBA 325 0.95+0.16 2.71£0.70 150.0 0.89+0.19 2.38+0.78
75.0 0.47+0.04 2.67+0.21 NPYR 32.5 0.42+0.01 2.08+0.14

150.0 0.45+0.18 3.14+0.23 75.0 0.32+0.10 1.8440.51

NMPA 325 0.74+0.63 2.56+0.47 150.0 0.39+£0.06 1.99+0.01
75.0 0.60+0.27 2.35+0.23 NDBA 50 1.92+1.17 3.26+0.80

150.0 1.16+0.66 3.27+0.10 100 1.16+0.03 2.63+0.23

NDIPA 32.5 0.61+0.48 2.04+0.36 200 0.69+0.20 2.09+0.04
75.0 1.40+0.60 2.68+0.07 NDPh 50 1.11£0.25 3.80+0.18

150.0 0.66+0.06 2.18+0.47 100 0.2620.11 2.72+0.04

NEIPA 325 0.49+0.11 1.68+0.27 200 0.37+0.34 1.57+0.09
75.0 0.35+0.01 1.80+0.17 NMPEA 50 1.2040.69 3.64+1.06

150.0 0.23+0.06 1.87+0.53 100 0.31£0.01 2.78+0.12

NDELA 325 2.01+1.18 3.90+1.43 200 1.61%£1.15 3.64+0.03
75.0 0.95+0.30 3.39+0.22 NNN 50 1.74+0.36 3.84+0.72

150.0 0.81+0.18 3.20+0.58 100 3.55+0.45 5.04+0.03

NDPA 325 2.44+0.77 5.54+1.48 200 1.42+0.10 3.130.06
75.0 1.62+0.51 3.79+0.03 NNK 50 2.5040.66 4.55+0.71

150.0 0.500.29 2.98+0.06 100 2.57+0.04 4.28+0.33

200 2.26+0.36 4.03+0.37

5y i 4H e T P<<0.001

""P < 0.001 vs solvent control group
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Bk RS . T A LA S DD F- 32 Y%tail DNA
FR AL BRI ST 359 48 5 9 0 S5 R AR Ll 34 o L I 3
FESt
3.2 FINEERI S mix B ELER

ff F1 NDMA #1 NDEA tt # 3 ff A [[ S9
mix (AL 77 A B Fl C) X A 4k £ B 56 45 F 1 5
Mg (R 3.4). ST ARG ELLHEF,
NDMA 1200.2 400 pg-mL ' 4 %tail DNA 147 % 5
T B o0r A A L 3 (2 T s (P<<0.05) s NDMA i
NDEA % ¥ & 41 %tail DNA “F 18 5 5 v 1 B8 41
FH LG 34 52 35 T 5 (P<<0.01.0.001)

221 77 B AX W 3E 1L &b 3 J5 , NDMA 1 200
2 400 pg-mL " 4 %tail DNA A7 3 5 ¥ 1 X 8 41
A EE 5 2 TH 5 (P<<0.05) , NDEA % K JE£ 2H % tail
DNA A7 £ 5 3% i 0 B840 A b B 3 T A (P<
0.01) ; NDEA % JiZ 2 %tail DNA V- #5115 75 5t
HEZHAH L 3 T 5 (P<<0.05.,0.01) .

M&RL 7 CARMHE L AL 2 f5 , NDMA B f5 ik JE

#H %tail DNA AL HURTF 358 5 ¥ S0 R AH L 5
# J+ % (P<0.001) ; NDEA 500. 1 000 pg-mL '
H %tail DNA WAL 305 1 48 5 ¥ B R P B
F 75 (P<0.01.0.001).

ST AR B AL, Bt 77 C Al 7R AR IR E T i
T ER STV B4k S W0 ) DNA 35475 45 51, 58 38 1 30l A
1AW 4 DNA SE AL F DNA $ 455 RS (1) 977 32 o
33 SImix FHTRELER

AW 5 4k 8248 F S9 mix it 77 C FF &AL 5 1k
M T RIARSNE IR (R 5) . R NDPh 4 1) %tail
DNA H A7 HUR - #5148 . NMPA 41 ) %tail DNA H iz
Ak, BT A WAH AL A P ¥ AT 3 38 HepG2 4
) %tail DNA H A7 HOR1 P 548 TH s , HAR A 5 7
X HEZH A PG A7 AE 2 2 1 2 7 (P<<0.05.0.01,0.001) .
H ', NDMA. NEIPA #il NMPEA i) 1 [ 8] & ;
NDEA. NMBA. NMPA. NDPA. NMOR. NMEA .
NPIP I NNN [#)4f I #55 ; NDIPA \NDELA .NDBA .
NPYR FI NNK 87 B tH %t DNA 45345 18 B (5

£R3 AESYBEL TRt %tail DNA F L £ 5 2500
Table 3 Effects of different S9 formulations on %tail DNA median

uil JEIR %tail DNA 77 # il LTS By C
(ugmL™ Bo o A Bic 5 B (ugmL™ %tail DNA H {7 %
TR — 1.01£0.11 0.99+0.13 a3 i — 1.35+0.18
NDMA 600 2.56+0.83 1.98+0.01 NDMA 250 10.00+0.28™
1200 3.04+0.21" 2.33+0.57" 500 11.77+0.63"
2400 3.06+0.18" 2.54+0.65" 1 000 8.86+0.99™
NDEA 600 2.82+0.51 2.66+0.34" NDEA 250 2.96+0.23
1200 2.49+1.07 3.34£0.06™ 500 4.45+0.27"
2400 2.82+0.09 3.36+0.06™ 1 000 6.67£0.25™
i A iR T P<0.05 TP<<0.01 ""P<<0.001
P <0.05 "P<0.01 P <0.001 vs solvent control group
£4 T ES9E TR %tail DNA FHEEI 400
Table 4 Influence of different S9 formulations on %tail DNA average value
4151 JR AR %tail DNA V218 A5 R it 75 C
(ugmL™ BiJT A i 77 B (ugmL™ %tail DNA V(i
T R — 2.43+0.31 2.85+0.09 U R — 4.47+0.21
NDMA 600 4.84+0.08™ 4.43+0.95 NDMA 250 11.67+0.79"
1200 4.30+0.14" 3.78+0.54 500 14.1241.11°™
2 400 4.80+0.19™ 4.29+0.17 1 000 10.67+0.01°"*
NDEA 600 4.62+0.34™" 4.58+0.00" NDEA 250 4.96+0.22
1200 4.46£0.53™ 5.13+£0.50™ 500 8.05+0.09™
2400 5.02+0.14™ 5.05+0.34" 1 000 8.98+1.06™

SR bR P<<0.01 "P<<0.001

P <0.01 "P<0.001 vs solvent control group
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F£5 SOKBHENZET IR E WX %tail DNA AL E R R0

Table 5 Effects of nitrosamines compounds on %tail DNA median and average under S9 metabolic activation

i3 JR =R %tail DNA %tail DNA i) FimikRE/  %tail DNA %tail DNA
(ug'mL™) SRR FIME (ug-mL™) Hp A L M
TR R — 1.35+0.18 4.47+0.21 NMOR 125 7.3142.13™ 8.96+1.35™
Cp 100 7.14£0.10™°  11.34+0.59"" 250 6.14+0.17" 7.20+0.38"
NDMA 250 8.96+0.43""  11.83x1.12"" 500 3.49+0.82 5.39+0.04
500 11.77£0.63"  14.12+1.11"" NMEA 125 5.35+0.55™ 7.57+0.19™"
1 000 8.86+0.99""  10.67+0.01"" 250 5.89+0.13" 8.00+0.33"
NDEA 250 2.96+0.23 4.96+0.22 500 6.88+0.26™ 9.28+0.01°"
500 4.45+0.27 8.05+0.09"" | NDELA 125 5.45+0.22" 7.18+0.03"
1 000 6.67£0.25™" 8.98+1.06™ 250 5.26+1.01" 6.96+0.93"
NMBA 250 4.01+0.20 7.55+0.29™ 500 3.80:0.72 5.53+0.49
500 4.81+1.17" 9.92+0.48™ NDBA 125 5.5140.56™ 7.10+0.17"
1 000 1.46+0.02 4.41+0.23 250 4.96+0.53" 7.39+0.06™
NMPA 250 4.14+0.55 7.40+0.19™" 500 4.96+0.42" 6.08+0.22
500 3.69+0.39 8.33+0.17"" | NMPEA 125 24.10+2.12™ 24.02+0.37"
1 000 2.53+0.21 8.01£0.37" 250 26.21+2.64™ 26.38+1.43™
NDIPA 250 4.95+0.23" 9.30+0.77"" 500 27.75+0.42" 27.74+0.06™"
500 3.24+0.66 6.08+0.23 NPIP 125 6.83+1.35™ 8.66+0.76""
1 000 0.97+0.48 4.234+0.25 250 5.95+1.71" 7.25+0.40"
NEIPA 250 9.52+0.52""  11.21+0.96™ 500 4.26+1.15 6.39+0.69
500 10.81£0.20™"  12.61+0.19™ NPYR 125 4.05+0.51" 6.88+0.40"
1 000 7.36+0.23" 9.96+0.41"" 250 5.10£0.23™ 6.73+0.38°
NDPh 250 1.61£0.59 4.44+0.50 500 5.60+0.94" 7.91+0.91"
500 0.59+0.07 3.45+0.65 NNN 125 5.78+1.16™ 8.52+1.22™
1 000 0.35+0.23 2.38+0.12 250 8.01+2.10" 9.56+1.25™"
NDPA 250 6.25+1.41""  10.66+0.76™ 500 5.12+1.27 7.07+0.26"
500 5.79+0.20"" 8.57+1.017" NNK 125 4.56+1.33" 6.34+0.48
1 000 3.23+0.02 6.58+0.30" 250 3.05+0.36 6.74+0.53°
500 3.86+0.28 6.01+0.32
S A iz " P<0.05 "P<<0.01 ""P<<0.001

ok

"P<0.05 "P<0.01 "P<0.001 vs solvent control group

B 55 5 i NDPh (1) 45 5 2 1 % , B X DNA J6 4 £
TER
4 it

£ 00 0T FH R ) B B T 2 ) DNA 53473
DNA-DNA 8 DNA-# [ )it 38 I 45 19 152 5 W7 284 (1)
A 5e Vs E AL 1% 7 1A T 2 B i B AT
R A 7K SF ) DNA 451455 A4 45 48 B 66 1y, J78%¢
N . Tafazoli ZU U 78 JF g £ 2 3056 Ao ) S Fof
S BE I 2 7 DNA B 457 F R A& %0 H
% LN G5 1 R & 15 A7 AE DU 2 75 52 1 DNA i 45
e R R IR E 2R TTH T 58U ams
45 DNA SE M 2 [ ) 2 Bk o ASHIF 584 ] HepG2

4i JEAE T A KRR SO AR VA 1k 4% 11 T T B A
55, g5 AR, 7R AE SO MG AL 2440 T 17 F L3
Tl B A 4 9 3 & T B HepG2 41 il #% DNA B . 45
1, BE 1 AE AL & R 2 RS AL S 4 R AR
DNA Jx B i P, 5 ek ks — 5. 2E ' S9
AR 1 25 1 AL B S , Bk NDPh 41 BT A & 6 &
V4% HepG2 40 il 47 7€ DNA FI 55 1E . e 3630
il J¥ % DNA 457 49 15 FH 58 55 Jiot F7> 4K ¥ 3 NDMA >
NEIPA >NDPA >NMEA>NDEA>NDBA>NDIPA,
5WEY o- AW EH AR IEM K. &R
fiff % A & W) %F DNA 2 45 1 F 9 55 W 4K I A
NMPEA >NMPA >NDPh, [ ¥ IR I i iz 25146 & 4
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X} DNA 45 14 /E FH 5 55 il J¥ ¥ NMOR >NPIP~
NPYR. Wagner 558 Fi o [E 6 B 01 5 401 ffa o J2 1k
AhE RIS, B S RS & A6 A ) F DNA 51477 5
FE 19 5 5 4K % 5 NDMA >NPIP >NMOR >NDPh,
H NDPh Y £ 1 A~ B2~ B DNA #4551 A, T
NPYR ({45 BN . %0 70 4518 5 A0 5t K&
F BEREHT EAAfE—E £ R, HIE R TS
WA BRI S R IR g — , BT ARV 1k
REAFA K,

b5 B I0 H 41 i & 6 45 A HepG2
1A« P G B OR 4T AL CHO AT/JS B EEL 93 L5178Y
% ZHAMBPARZREEHEE D, KERK R4S
RS I SO AR I A A4 F R I SZ A 1 A
Y275 B DNA #1571 . HepG2 4H il & H %
553845 25 1 SUS W AR ARG S DA i g L an
4 i 4 & P450 (CYP) 1A1. CYP1A2. CYP2B Al
CYP2E1] K 11 AHAX 4 Bl Clnn 2 Jo H 0K -S- 4% 7% iy Tk
B R G N- £ Tk 25k 7 o Ity R0 T 0 T TR S A 7S T
SO O 2 AR S LR 5 SO A 4. T
JUE % O A A & 0 1 2 B PR AR 8 B WO A
Ff >R U5 1Y) HepG2 41 i /2 3& & PEAN A e 1k &5 ) 25
PERIARSN PR . SR, AHIF 58 45 SR PR E A
HMA AR AR &R 2540 T, HepG2 41 il B & 14X
T T V2 R A e Ak 4 78 o AR Ak . X AT RE
5 HepG2 L= CYP2E1 F1 CYP1A2 £ W itf etk &4
(1) 32 BEAR B A ORU . B4 SCHRHRIE 72 S9 1 4%
R {8 FH HepG2 40 g JF & 1 4h £ B 56 oK A th
NDMA f# 7£ DNA i 15 1 H , 5 A #F 50 45 2R —
el Rk Ah E R0 7 AR Ok bR AL .
B4 HAE G0 B 1) 2 58 356 (1) S9 mix BT 7 5L
1A A7 e e A B AR R 56 P SO mix S 7, TE i S i i
B R . 75 Wagner E™ ] £ 17 S9 mix
Bic 77 H SO AR 4 AN K 3.36% , 1H 5 W0 A B Ak 5 )
(AR T R B

gk BTk, AR TSR A T AL & YAk S
DNA $ 155 KB £ 35 , I &1 5 W0 RS B A6 & 2 10
RO = 1) 77 A SR AR M) 6 B 2 358 2k R AT
AL, N RS Al & P FE P VEAR SR 1 0 FBL.
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