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Establishment and verification of in vivo alkaline comet assay in rats
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Abstract: Objective The agarose concentration, unwinding time and electrophoresis time of the main influencing factors of the
alkaline comet assay in vivo were discussed, and the alkaline comet assay method in rats was established, and the common positive
control ethyl methanesulfonate (EMS) was used for verification experiment. Methods Hepatocytes were derived from healthy male
SD rats, and three-layer single-cell gel slides were prepared. First layer of agarose gel was laid one day in advance, and three
different concentrations of nomal melting point agarose (1.00%, 0.75%, and 0.5%) were used. Three different final concentrations of
low melting point agarose and single cell suspension (0.91%, 0.68%, and 0.45%) were used as the second layer,and the third layer of
low melting point agarose has the same concentration as the second layer. After the slides were lysed overnight,they were incubated
in alkaline (pH > 13) electrophoresis buffer at 4 °C for four different time (20, 30, 40, 60 min),and then electrophoresed at an
effective voltage of 0.7 V/cm for three different time (20, 30, and 40 min) at 2 ~ 10 °C. After the electrophoresis was completed,the
slides were dehydrated with abslute ethanol and then dried and stored. After staining with fluorescent dyes,taked pictures and saved
them under a fluorescence microscope,analyzed with CASP, and measured the degree of DNA damage of the cells by the percentage
of DNA in the cell tail. Ten healthy male SD rats were randomly divided into vehicle control group and positive control group. They
were given physiological saline and EMS (200 mg/kg) respectively,and were administered by gavage twice at an interval of 21

hours. The liver tissues were collected three hours after the last administration and prepare a single cell suspension to detect the
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genotoxicity of EMS according to the established experimental method. Results Use 0.75% agarose solution for the first layer to

spread, and use low-melting agarose and single cell suspension with the final concentration of 0.68% to spread the second layer of

agarose gel, which was suitable for spreading. Choose 20 min of unwinding and 20 min of electrophoresis as the unwinding time and

electrophoresis time respectively. After methodological testing, the result of EMS genotoxicity was positive. Conclusion The

laboratory has successfully established the in vivo alkaline comet assay method in rats and verified it successfully,which will help the

comet assay play a greater role in the safety evaluation of new drugs.

Key words: alkaline comet assay in vivo; hepatocyte; influences; ethyl methanesulfonate; agarose concentration, unwinding time;

electrophoresis time
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> (Japanese centre for the validation of alternative
methods, JaCVAMD # 75 BH 4 XT 1& 24 F s 5% 2, 16 1)
45 2471182 200 mg/kg' , A FT FH 1% 570 = 1 R
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H IR A 7 ; GelGreen 4 K} (Biotium , #1t %5 41005) 5 &
HEIKCAFENAA R A, H#52001223401) .
1.3 FEUFE
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F1 HREH5S (pH=10)
Table 1 Lysis solution composition(pH=10)

B 44 FR PRI &
NaCl 2.5 mol/L
EDTA-2Na 100 mmol/L
Tris 10 mmol/L
TritonX-100 1%
DMSO 10%

100 1 10% DMSO & % & 200 mL, fif A #f & />
30 min N 4 °CUKFE R 4%
2.1.4 DNA fRIEMMECH]  DNA fif Jie fil 45 W : Bic
il 10 mol/L NaOH fi £ % 11 200 mmol/L EDTA-2Na
fi#% % W CFI NAOH 1 15 pH{E £ 10) . fie &l FI (1)
DNA fBFEE : /08 A A 30 min &8 30 mL 10 mol/L
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Table 2 Conditions employed in different experiments

S B2 R B NERE IR /Y% I R]/min H YK B TA] /min

1 0.91.0.68.0.45 20 20
2 0.68 20.30.40.60 20
3 0.68 20 20.30.40
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TRAF , B PR3 . X R VR 55 1 2 IR EE
o Sk 0 5 B8 PR BE PR, — URORT DU 2 TR AR
R, HAR IR 450, 8 4 1 48 R 55 3% A B 3
JIE W B I 9%

552 J2 AR K B BN 11X 10°/mL 41 P 2 3
S EE N 1.00%+0.75%- 0.50% 144 r B B B DL 1
10 V& & 19 51 4% 5 45 31 350 5 B 22 0k 7 N 0.91%.
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5 min. KRB JE I A IR N T4 1 H i G E
FR TR 5 4 °CTF 43 78 G R i€ 20304060 min.
224 WK CRABOK T KRB i E AR K
P VKRS R R G A R DN A TR BT B I A
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BT 5 0.5% 1F 5 1 AU IR IR BE A, Wl MK IR
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0.45% IR G W, WA BRESR 1 )2 B 8RR,
1.0% ¥4 5 10 B B ok 2 3 v, B D JEE AR 1 B 4B
3T 5 0.5% Bt R VA B Tk K R i R G, 2B Tk
55 JE 15 0.75% B 15 B T JE0E b, 7E 4 °CUKAR i B
10~ 15 min L&t &, 12 1355, 55 37 A 2 R 7E 40K
S
3.2 A[EERERTIE)

fi# JiE 30 min 1] F2 DNA F 43 b 5 f# i€ 20 min #H

EC D, 22 53 e G vk 5 3 fif g 40 min 1 2 DNA
B4 H 552 30,20 min LA BN, Z R H
Guit 2 = L (P<0.01) ; fif#tiE 60 min [f] 2 DNA H 4
EL 5 i i€ 403020 min L% 535 390, 22 7396 4t
THEE L (P<0.0D. 2R ILE1FIE 3. JaCVAM
A O6T R ZH K BRI 2 DNA T 43 EL B 3B N AS
I 8%, P L AR JiE 40 A1 60 min ANE &, N LI
8] AR AS 5 356 4% 20 min 7 A e i) Ta] .

(B

. @
i A
EACR

El1 ##3E20(A).30(B).40(C).60(D) min E %
Fig. 1 Unspinning 20(A), 30(B), 40(C), 60(D) min
®3 FEFEHER EIKIE LR (s, n=150)
Table 3 Results of experiments with different unwinding

time (s, n=150)

fif JiE B 18] /min JE DNA F 4 t/%
20 1.85+2.53
30 1.3243.17
40 8.17+10.23"
60 11.65+10.93"

5 A& 4L P<<0.01
“P < 0.01 vs other group

3.3 AEIEKET(E]

1Kk 30 min 1] 72 DNA F 43 bt 5 H K 20 min A
L3 n, 2 54 gt 2 = L (P<0.01) ; ¥k 40 min
i) 2 DNA B 43 b 5 H 3k 20 min A EL 3 I, 22 %4
Gt R L(P<0.01), 5k 30 min HL# % 745
TFEE . SR NE 2K 4, HHK30.40 min [1]2
DNA 43 LEIHMEI R T 8%, Rl R Lk 20 min/F N
H ik R[]
34 FHEWIESER

i R 2. 166 2H 1 2 DNA T 40 b 5 9 0t TR 4
P BN, Z R A St %R L(P<0.01). 4558
WLE3FES.
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A%k 20(A).30(B).40(C) min Bl
Fig.2 Electrophoresis images at 20 (A), 30 (B), and 40 (C) min

F4 TERBEKEEREER (225,n=150)

Table 4 Results of experiments with different
electrophoresis time(x+s,n=150)
LYK [ /min JE DNA 5 73 H./%
20 7.73+8.82
30 13.36£11.20"
40 13.16£15.77"

513k 20 min L - P<<0.01

P <0.01 vs electrophoresis for 20 min

VT B FREIR 2.
E3 &AMmEK

200 mg-kg™'

Fig.3 Cell image of each group

x5 BHEERBLHER

Table 5 Results of comet assay in different groups

(ALY

ek i
7 FE DNA H 4 /%

&4 DNA
M4 /%

VAN IR 1.76£2.27
1.96+1.90
1.59+2.65
1.90+2.90
1.9242.76

FRTEIR 2 I 13.08+4.02

200 mg-kg' 11.9842.92
12.52+3.34
14.69+3.77
13.09+2.97

1.83£1.52

13.07+1.01"

S A g P<0.01

“P < 0.01 vs solvent control group

4 Tig

ik 11 £ 2 6 AN AT DUz il DNA H L XUEE B
2,30 W] DK I B AN AR 2 A S AN D) BR B AN 4

R R, T2 B T8 A% 25 % L R84 e I AN 2R
A W I A5 R S T A kAN [ F 4 i 2K Y A
1 0 2 7, 58 A bR A 58 7 R e VA S, AR
S E N F ER I AR AT R B 32 A %
7 3 FH E FH H A r 24 B R R < s HE AT 2% A 5
1IE, A E ) GLP 8256 = 5 7 FI6 iE Ak £ 200 42
%,

N B L s 2 B v, g FH B T B D AR, Tl
U 12 R s I IR R ARG DT A% w535 I A0 11 266 Bt
71, —YEHIF 5T 35 35 F 1.0% I8 1E 5 45 s B g ), AR
LG W FEN BRI 0.75% 158 4 55 B e b ok i 3k
S R R XA AT, R RS P T ) 1 3 0T
W, LB Ib s 52065 A o8 B IR BB MR B . OECD 4t
WA 25 35 AR VR FE VI 0.5% ~1.0% , (H 283K %
ANHEAR T 0.45%" " AR 5206 = Af AR BE 43 il N
0.91%-+0.68%-0.45% VR 5, KIL R A 0.75% I
JUE i i 52 3 L TR, £E 4 °CUKAR T E 10~15 min &l
HEE, RTINS, s v A G JAE R b BRI
b K B IE VA A 5~10 mL 34T 0 3, 4 °CuK
Fa HORAF 58 FH RN A4S 219835 17 B 0 SO TR
BT G TR B NE RIS B 5. W T 2R3 28
JUEE R o F2 A S B A Pl 30 i A 8 ANl A
3ERR G5 R R I R A DL, HOG U S
TR N RE eI TR, SR A Ko BRI s 5562
J A 5] B W g Js ok FE i 25 3 2 e

W A B Vs NI B T ) PR VA B AR, 4 °C UK
bR 2 fE K . OECD B, I T #E 4 °C
WEERM 1 h B, AR T 2, R
fif I I JE PR AT AL B o 28 3k DA i 2 A
HUH B B8 R RN 1) 25 B8 17K e 26 0 B T 2R i
W, BB PE2 K, Bk 5 min. OECD & Ut i 42
AT LA R v 4 % b R B R R R R e . H
eI I PRI R IR N TR IR B I AR R TR
4 °C R BEYCMRE . JTaCVAM B0} IR ZH K BT A o
J2 DNA 75t S5 1E RN AN R I 8%, R A i€ 40
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60 min & & . f#iE 20,30 min [ DNA [ 4> L6
Guil 272 5, NI R R AA , 1 8 20 min {E A
i e BT 1]

fife i€ 5 RIS 5 4 8 3B TR AE KT LKA
TG A B 0N TRYA 1D 5 T 1) 7 RO, TE
R VKK 0.7 Viem T HLHK . SEFx HL R R /N Bk
T L VIR IE B AR R Com)D 5 LYK AR R KGR
(AR RS TR FE— 250, DL K FE FE (1 sk b L VK T 1) 22
5t o HL¥K 30,40 min [1] )2 DNA H 7 L35 E B KT
8% » D] M 3% 4% FHL 3k 20 miin 1 A VKR ) o A5 20
K P AR 9 0.7 Viem , B yk i 72 o e I8 o 4R
FFAE 300 mA , A 8 78 & DO IR FEAE 300 mA FFA
W, N RREA BRI K E R EE", OECD t R
BRI A S/, JTaCVAM 2 4 R % B N
300 mA. A8 I LR K/ T ZEAR 4R R 00 45 R AT
WE , AR R I FE P AR 2R — B HVK AT
VKA T B AE 4 °CUKAR H P iR %2/ 20 min, LK 2
Hh, TE L ORE ) L S K R SR AR FRAIG IR , 2~ 10 °C.
MUk & oG R A il R RS iR 1~2 d N 4
FT 3 A T ZE K 08, SRSk AS Jvt- 3, ¥
AJG I 8% I N T4 I TE K £ BE 1 20 min, = i& T
FEA T8GR AT «

Gty J5 £ 9O BAEL N M S 45 R, OECD &1
B AL B AL Z D4 B 150 A2, 38 S o0 B 3 2% (X
BN F BB A Bk S & R i
A, A6 DNA B 70t B K R e britt 4740
#r, OECD # i UL & DNA & 43 b 4E A & Z 3 4
47 -

PN = RS 75, T DURE A LB B IE L4
JE %5 3 AT AR 56 5 [ B O AT DA 3 A 36k A 2
36 Cln oz 56 ) e A DLt I 2 & A a8t A% 2 MR AR I
FAAR AR 56 P AR B 1k 2%, 3 W] 5 LAt B B 24 B FUBR &
W8 AUk 36 sh 5 EE . 2011 4E 11 H , ICH #iiAi
38 A 25 1 45 5 JE U] S2 (R DB AK Py £ B 56 1) A
WAL TR AR S IR IR B, AR P B RS
R PO 56 2 A EE AN R R BT . AR 4
O 28 7 1) 5 B 6 T v R U D O e et B T
1% TR P 38 % 3 M 45 S O PR GIE B 7 R
MEZ MRS, AR E RIS T KR AR N
B 5 R R0 7 ik, AR T R R 2 VE A i A FE
FU (GLP SE58 %) 125 [, 7E MR I8 S fith b 7 A
HERRAE U RE A R B P9 A7 M AR v 1R ) 5 b v B AR
FURE (0 1) 52 30K S AN A N 5 B0 7 R T B 2

PRI FT R Ak, R SR T TR T 2 A
PRV BT T KT, 75 & ICH AAf HA 388 4% B P 4 5
Y PR LK

FlarR HAGEAFARAEEM TR

EE P
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