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Abstract Objective: To compare the effects of commonly used solvent and positive controls in SD rats by gavage
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for 3—day repeated dosed toxicity study, combined with alkaline comet assay for liver, kidney and peripheral blood

cells and bone marrow micronucleus test. By comparing the results of combined genotoxicity tests for detecting
chromosomal damage and DNA breakage under the same experimental conditions, this study aims to provide
reference for identifying the dosing and sampling time points and the selection of appropriate positive controls.
Methods: Male SD rats were randomly divided into deionized water group, 0.9% NaCl injection group, corn oil
group, cyclophosphamide ( CPA ) 10 mg * kg™ group, cyclophosphamide ( CPA )40 mg * kg™ group, N-ethyl—
N-nitrosourea ( ENU ) 40 mg * kg™ group and ethyl methanesulfonate ( EMS ) 200 mg - kg™'group, 5 rats in each
group. The clinical observation and body weight were recorded during the experiment. Animals were sacrificed 3
hours after the last dosing, and the weights of liver and kidney were measured. Single cell suspensions were made
from liver, kidney and peripheral lymphocytes for comet assay. The samples were subsequently proceeded to lysis,
unwinding, electrophoresis, dyeing, and the results were analyzed using Komet 6.0 software. Bone marrow cells
were also prepared smear in parallel for micronucleus test, and the incidence of micronucleated cells were counted
in 2 000 PCE. Results: 1 ) No significant toxic effect was observed in animals treated with CPA, ENU or EMS in
this study; 2 ) The percentage of hedgehog cells in hepatocytes, kidney cells and lymphocytes were significantly
increased in only EMS group, and CPA and ENU had no significant effect on the percentage of hedgehog cells.
Compared with the solvent control group, the percentage of tail DNA content and Olive tail moment ( OTM )in all
three tissues were the weak DNA fracture by ENU, while EMS in all three tissued showed strong DNA fracture.3 )
As a classic bone marrow micronucleus test positive agent, its micronucleus results of CPA showed a certain dose
correlation; ENU induced micronucleus was relatively weak. Conclusion: It is feasible to integrate multiple organ
comet assay and micronucleus test with 3—day repeated drug toxicity test. However, the standardization of the
experimental procedure, the selection of the positive agent and the design of the experiment should be designed
according to the specific situation.

Keywords: drug safety testing; genetic toxicity test; positive control; negative control; sodium chloride; corn oil;
cyclophosphamide ; N—ethyl-N-nitrosourea; methanesulfonic acid ethyl ester; alkaline comet assay; micronucleus
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TG, AT, R HRE R 24 h %22 3 d HEH 1
NPT R ERA IR T WU A DNA W 2L i I8 iUpLI
AJTE R — RIS o0 i S B 4 e I G AT E
L5 2 75 A 5 1 B AR Y i s s e R e Dk R
AR R — 3 A BT N AR 2
Il ARAE 7% J51 i 4 BRI ( good laboratory practice of drug,
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FRRE FEE.
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1.1 F AR

P 1 % R = ddHLO el T v 2t 245 A 5 T
78 Bt B 2R 25 1) % 4 PEA W DU HP 0 MELQ-A10 8 41
IKHLAE = B FE 4K, 121 °C 15 min 3 JE K H, 4 C
UKFERAF 5 0.9% AL BN T S, A7 28 7 U 25 47 FR 2>
Al B K, Sigma 28 Al o 380 4% M BH R PR L
Ji ( eyclophosphamide, CPA ), Sigma 23 ®]; H fifi ik £
fi& (ethyl methanesulphonate, EMS ), Sigma 2\ #]; N— £,
Fe —N— . fit§ 3 Mk ( N—ethyl-N-nitrosourea, ENU ), Sigma
/5 A, Trevigen Comet Assay® Kit £ & A I i 7] £,
Trevigen /Ny ) EDTA-2Na , Sigma /N~ ). Hank’s “F
WL (HBSS ), WERRZE R (PBS ), Cellgro 23
Al TR MR ICK B EE, ALt T Mg,
Gibco A F) s SYBR Green I Nuclei Acid Gel Stain, Life
Technologies 7~ Fl . Giemsa 44k}, Sigma 23 A, Ilfi 4 €8
AT 1/15 mol - L™ AOBERRERZZ vhil (pH 6.8 ) (1/15
mol * L' Na,HPO, ¥ & 1 1/15 mol - L' KH,PO, & &
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il B VL
12 SR

DYCP-31F B3k AAN DYY-6C MG AL, AL 5
R —AXA) 5 NTS-1300 8 i Ik v KAl , A5t BLAL 4%
Pk 2A s Komet 6.0 EHEIMHT 2R 5¢, S 2218 /KB
AR ] 5 Nikon eclipse 80i 20 A5, I HEA ] .
1.3 Y

Sprague Dawley K B, SPF 2%, 4% 24§ B} %) 6~7
Jil 1%, 1A 280~310 g, 335 H, 4 [ b 5t 4 5 A
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SCXK (5 )2012-0001 J. 7 i i (20~26 °C ), i
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2.1 I R
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ZH FRBEEENE (CPA ) 10 mg - kg™ 2H FRWEELIE (CPA )
40 mg - kg 41 N- 2.5 -N- W AKFENR (ENU )40 mg - kg™
ZH 1P B TR 215 ( EMS ) 200 mg - kg™ 2H, BE4H 5 H.
HRAE B YA T+ o3 )2 AT LA T A 7 4340, A L A4
RE2ZRAGRTFHERER +20%. 53 3FEE K
ZRENEE 0,24 F145 h ¥ESE 3 d R IVE B 4R 25, 4h 251k
FUA 10 mL - kg™
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3 mL TR VIR, BT J) 5y iRl 2L LURE A i, -
fH SR B i B R AT 29 15 WK, ok
ENEH.
242 R R SRE SRR AR R A e f
%5 20 mmol + L' EDTA-2Na /) HBSS %3 (pH 7.5 ) ¥
R B A2 x 100 A e mlL o AR IR AU A k&
ZAF L LM S g i S ) I R IR PR AT o
1.5 mL R4 37 CoKWE Tk, BR45 i 5E A 500 pL
Comet LMAgarose, HCHLZH A 2 (28 Jif 0 200 i
BN 50 wL, SME 480 20 wL), HES Wk
TR A AT 1~2 WE 4, PRUE A L4 5) 53 4 T
FAL, 1R 1AL, AL 500 L, AT 2 £l 4
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20 min, FELVKASBCE BN 0.7 Ve em™, A HL IR ZY
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BRI, ERZRMIR . TErP R B 21K,
K 5 min, ZJEHUHBE 12 TI0K CEE Rk 2 /0
10 min, K3 TBCE XL, 20 F AR T
243 Ge(m JAMR R AT Se @ISR BRI Y SYBR
Green I(1:10 000 ) JfE AR AL 0T, 4 COKFEICE 5
min, ZXBREZ MR, R GRG0 5 3%
h, BRI AL b (R LA i 2 B A e A A A
8. i ] Komet 6.0 ( Andor Technology ) £ E E %5
B3R 247 53 A, B R i 2270 1188 100 25 B2 4
Mo 1) B 2B WyHRE 3 B 100 4> 1] 434 1 & DNA
5380 Olive B ( Olive tail moment ) FYH VL,
TR R 2 AL AU S48 S B i
RFEFRIE R A I E B AR 2. 504 - FL752)
F Ry i1 100 AR “RITE AN B
2.5 HREMZIAL

DRl P J B DR 84 i T TS A 5 BB 2R
MLTE 2 mL, FH AR A Sk B v e B 2 A
o, BRSBTSk WRAT B A RS, 1 000
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T EIOr EOHER AR E T2 T AR T
F B 5E 15 min, HARAET

A3 R BT ECE: R Giemsa 4L ff
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i (PCE ) FIIE YL 2L A0 (NCE ) B9 H |, S g e
YR T 2 000 B Z YLLT AL ( PCE ) & i
R4 ( MNPCE ) F9%H .
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IR FRBUE T AE AR 2, R
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Fig. 1 Changes of body weight in SD rats
R1 ELE3AAHFERASD KR TR
HE( +SD,n=5)
Tab.1 Averaged organ weight of SD rats in each group

after 3 d administration

I3 AL, it (weight ) /g
(type) (test article ) JFRE (liver) B ( kidney )
B ddH,0 7.480£0.672  2.183 +0.300
(solvent ) 0.9% NaCl 7.058+0434  2.073+0.146
Corn Oil 7.688+0.643  1.944+0.093
[{EREP Ot CPA 10mg-kg'  7.014+0.485  2.229+0.196
Cpositive control ) me-ke!  7.368+0541  2.110+0.157
ENU40mg-kg'  7.405+0.928  2.042+0.239
EMS200mg-kg'  7.773+0442  2.051+0.230
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I 7E 41 B ( hedgehog cell ) $5 £ LR /N T K 2%
DNA A TE RS AL, B R 22 . filTH
ISR I A R 1, 38 8 S Ak 5 ) B
AMEE . SRITILAT SCkES O 7RI H ] DNA B
FIWERT AR ESRIRITE A, BB U T DNA
MBS, JFAIE DNA #E— I3 5 258 HoZ i b
INK(EWSpu:d s e ATITE | =21 Vi 08w AR B =E 0 VTR o
VTR 20 A ) ELAAR T SCARART, 25 U 3 oAy A
AR T A E B EUR BT, AWFoE s R gk 2 i
N, ST IR A, HOA EMS ZH B4R AR A
Ftk AR E AR 11 3R W T, CPA 2 ENU
TE Y HIT S S5 S A A 53R 0 52

R G 3 0 o (R E R 4 R AR B X DNA

WG AKE AT A0, DLIEL 20 LAY 40 BT 48 A AL 45
Sk DNA & 5 H 2K 2 DNA & & [ 4% R m L
B Olive FBAESF . HrpJE DNA S AR hE A
TR0 5 H TN 8 b, 1R R A S BLAT 4y B i
| RBUE B RS ARG R U DNA SR
T 43 # M Olive RAH HAT 0T LI (R 3), 45 R
IR AT B Rk EL A0 R DNA & 1 0
Olive & V¥ {E 6 SCHRIRIETE B 2 7. CPA
40 mg - kg™ AWM FAREUEE CPA 10 mg - kg™ 41HHK
UG AT T, AELA M I £ 200 M ) 50 BT e B
ZESRLFE R 2 N, 45 7 S s O A s ENU L7 2
JFE DNA 555 140 I Olive FEAE 51X BE 4 oA
5550 DNA Wi 406 ;1 EMS /5 22 L% DNA Wi
Z4F0LE 3 FhARM 4 B R T 9REC DNA WigdfE A .

&2 SD XRARMEMEHRIBARBSELE( £SD,n=5)

Tab.2 Comparison of average percentage of hedgehog cell counts of liver cell, kidney cell and lymphocyte in SD rats

A% (ype) A SERSHTE AN 503 (average percentage of hedgehog cell counts ) /%
’ (test article ) JFAIIE (liver cell ) B AR ( kidney cell ) RELZR ( lymphocyte )

%A (solvent ) ddH,0 120+ 1.10 0.80 + 0.84 1.00 + 1.00
0.9% NaCl 0.80 + 1.79 220+ 1.30 0.40 +0.55
Corn Oil 1.20 +0.84 0.80 +0.45 0.80 +0.45
FAM: IR ( positive control ) CPA 10 mg - kg 1.00 0.71 0.80 = 0.84 0.80 +0.84
CPA 40 mg - kg™ 140+ 1.14 1.40 +0.89 1.40 +0.89
ENU 40 mg - kg™ 1.40+0.55 1.80+1.30 0.80 +0.84

EMS 200 mg - kg™ 4.80 + 1.92% 5.40 +2.07* 4.40 £ 0.89%*

#: %80 (animal number ): 5/ 41 ( group ); 5 ddH,0 41 H#% ( compare with ddH,0 group ): *P<0.05; **P<0.01

EBTK
(ddH:0)

0. 9% SALBREER K
(0. 9% NaC1)

K

541 A Frem
(kidney cell) (liver cell)

WELR

(lymphocyte)

E 2 SDARAEEARAMEERIKTEE

Fig.2 Comet electrophoresis image of cells in different tissues of SD rats

(Corn 0il)

BB

N-Z E-N-T AR

L RAR U
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#x3 SD RERARALMBEERXIMERILE( £SD, n=5)
Tab.3 Comparison of comet assay data of different cells in SD rats
JFAAE (liver cell ) B HNHY (kidney cell) REAIHE (lymphocyte)
FE DNA & JE DNA % JE DNA %
s SiSFWL , = . s = . ,
% ik REA% Olive FE4 R Olive 241 B4 Olive 41
(type) (test articles ) ( percentage ( Olive tail ( percentage ( Olive tail ( percentage ( Olive tail
of tail DNA moment ) of tail DNA moment ) of tail DNA moment )
content ) /% content ) /% content ) /%
sl ddH,0 2.64 +0.49 0.25 £0.04 2.49 + 0.44 0.23 +0.04 2.51+0.32 0.22 +0.03
('solvent )
0.9% NaCl 2.94 +0.93 0.43 +0.09 2.45 £ 0.50 0.56 +0.27 2.26 +0.69 0.43+0.13
Corn Oil 3.20+0.57 0.34 +0.05 1.35+0.24 0.22+0.11 1.56 +0.29 0.34+0.21
[HEREROP:E CPA 10 mg - kg™ 3.02 +0.80 0.30+0.10 2.42+0.80 0.21 +0.09 2.26+0.83 0.28 +0.15
( positive control ) ,
CPA 40 mg * kg 5.32 £ 1.04%* 0.49 + 0.16* 4.45 +1.34* 0.36 £0.11 2.53+0.70 0.25 £ 0.06
ENU 40 mg * kg’] 6.09 £ 1.25%* 0.60 £ 0.11%* 6.83 £ 1.61%* 0.67 £ 0.16%* 5.10 + 1.54%* 0.46 £ 0.12%*
EMS 200 mg * kg" 23.86 +2.81%%* 2.38 + 1.05% 26.52 + 4.03%* 2.98 +1.62% 20.48 + 3.03%* 2.58 +0.23%*

1 : 3% (animal number ): 5/ 41 (group ); 5 ddH,0 41 F4% ( compare with ddH,0 group ): #P<0.05; **#P<0.01

3.3 BRI R

AN R ALE W% BB 20 PCE #Y 52 e K 250w
I IR K R SR LR 4 AT T 321X %
B BEAN L PCE #)™ A2 AR R 7 A W] 0 R iy, ¥ B
X B ZHL 14 40 A SRR LR 7 SO T 1R 2
PR A A R PR B A A
AR, o CPA A Dy 2 S 1A P9 4 i ol % 1K
B FHEFR, s T —%E RIS AOCE s ENU RO EUR %
VERIFR RS 45555

R4 BHERZIXEERILE (Mean+£SD)

Tab.4 Comparison of micronucleus test results

EZRAAMMYS  ERHERES
FiES A MM A YL Sy
(type) (test article ) (ratioof PCEto R (percentage of
total erythrocytes ) MNPCE ) /%
A ddH,0 0.51 +0.062 0.170 £ 0.067
(‘'solvent )
0.9% NaCl 0.53 +0.026 0.090 £ 0.055
Corn Oil 0.53 £0.043 0.190 + 0.082
BHPEXTAE  CPA 10 mg - kg™ 0.51 +£0.046 2.850 + 0.4.03%*
('positive .
CPA 40 mg - kg~ 0.50 £ 0.035 6.643 + 0.857%*
control )
ENU 40 mg - kg™ 0.51 £0.040 1.525 £ 0.289%*
EMS 200 mg * kg™ 0.53 +£0.032 2.600 + 0.352%*

1 : AL (animal number ) : 5/ 41 ( group ) 5 5 ddH,0 41 Fb#4 ( compare
with ddH,0 group ): #P<0.05; **#P<0.01

hhiHE i

4 itig

RIS O I B A O A A S R
2 IR AN A W AT A B 24 ) B A S
BERAER T2 0 75 A R b I 200 R A
B 0 W I 5 SR 38 R AR s R S
L VMO O A A T ) T miE ke
0 s R [A] . 1T 43 BT DNA W 284K, o] & X
25 B S B HEA TR ST, X B[] O &
() DNA 5N U AT R FH B 5 12 F ik
J7i% (pH>13.0) [AIEF 3T DNA Fgk | U Wy 24 2
Bl P AN e a5 (i G AR AR Q00 A7 o W e s Aot s
WE AV i 1 0, 1T ZE SR B A 14 T e 40 DNA WY )
HEATR NS T 2 AR I A i B o A
F2, RS YL R B AT 22 53 SR B3 0 55 A AT A )
S BRI MRS s AL EE A T
LR R], B TRk A% T sl sl ) S e i A
FESL BRI ST AT LI LA o AETT R SD R R AR
BHZ RIS, 1] 5 3 AR I T Pig—a JE A 58
AR IR A DEAT , HE— A5 B e TR 2878 | e (o {5
1 70 DNA W7 584 = 0035 4% 35 PR A I 28 S AT 42 07 for
Rl R

JHFRIE D I 347 5 24 6 B AR g i, 2
JH B 40 3 B I IR 1 5 24 W A G 1Y) B O
R, T A0 i B T A A A Z At n] X R
PEFEAT AW . PR L, A ST e m 1 A e
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TEIBUST 20 3 ' 20 B A A i oAk A A S 0 SR
%o HATHE N CIT RS e £ 20 o g,
FEEE X 200 6 0 A ) 1 40 i 1 352 % B 14 14 AH DG BF
FELO FERET R R B, B IR A A T A
DU 7 7 BsF A RV o B 28 9 0 P 5 AR 4 LA AL
il AR MG DU EERE . 1 CPA 2R N iM%t
0 28 BB AR AR N 5 23 e T IR ZS 5 05 T i
FRARRAL TN TG 2 A R 4P 19 DNA
it

KT — > B 22 A 26 551 4R P 35 A5 T
B0y v A A 2T A R S, AT AR D S
S R [RIEE, X 25 i G 2t . — e d ik 5 24
IR Sh 1R S5 SRR AT LR A 0 2
W RAEAR M B T AR I R bR R
Ry JUEAS E A I R ER AR LA
PR 3 A 1 DL A 5 AL BEPE AR AR AR 45 &, X 32 1)
A A BRI R PR RGBT EVE ]
PALSE AT LR G 0T e X — RIS LAL T 25 ik R iy
AR A SRR, WIRI T 3R 3Rs Ji
) ( B Reduction, Replacement Fll Refinement ), W
TEWF I W, (R P B R M I o g 5 i
VB Y 2 Rl Bl 4 8 45 25 5 S AR A5 A R B RIS
708 ) ) ARG I AR A Sy R, R BT 40 i B U
[ R ] DUAE 5 2 2 ] ol 4 J8 0 5 & 4 25 F TR O
22 BT TCH S2 (R1) 45 SR g
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