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TL(27 hay B iRsh) TM ¥ 2515 (P<0.05). 3 ,CP 40K & 3 A& n af 18] & 18 AT 69 Tail DNA% \TL . TM £ 73 L4031+ 5 & XL
(P>0.05), & &4 Tail DNA% .TL ¥ 7£4-25 51 h b3k X, TM KA 225 B 18] 69 28 K /W I+ % s EMS 28 K R AT 49 Tail DNA% | § #=4F 49 TM
HREZs 2 at ) a9 KI5 EMSA K R K 49 Tail DNA% T A= § 69 TL¥ E4-25 51 hablk k. %t At AT R At H 2iX5%
i, @I CP A EMS 692525 I B2 A 24 h 4625 1 0k i 404625 3 0K,

KEEE RN AT 2RI IRER AR W ABRRR CEs B A KR

Screening of the Dosing Period of Positive Drug Cyclophosphamide and Ethyl Methanesulfonate, in
Alkaline Comet Assay of Rats in vivo

LI Lili"*, YANG Lin"?*, XIE Feng', XIN Yanfei', ZHANG Sheng', CHEN Jlaotmg

Zhengiang' (1.Center of Safety Evaluation, Zhejiang Academy of Medical Sc1 zho 0013, Chma,
2.Collaborative Innovation Center of Yangtze River Delta Region Gree hejiang University of

Technology, Hangzhou 310014, China)
ABSTRACT OBIJECTIVE: To screen the dosing period ofg cyclophosphamide (CP) and ethyl methanesulfonate

(EMS) in alkaline comet assay of rats in®viy S: SB rats were randomly divided into blank control group, CP group
(40 mg/kg, ip.) and EMS grou x/ , W87, 9 rats in each group, every 24 h, for consecutive 4 times. 3 h after
edidgtiop \( 2

group. Liver an amples were collected. After single cell suspension preparation, production, lysis, chain breaking,

secondary, third and forth 1, 75 h after first medication) , 3 rats were randomly selected and sacrificed in each

yeiig, the evaluation indicators, including tail DNA% , tail length (TL) and tail moment (TM), Comet

significance in Tail DNA% , TL and TM of liver and stomach in blank control group at 3 test time points (P>0.05), indicating
that the comet assay system was stable. Tail DNA% , TL (except for stomach at 27 h) and TM of liver and stomach in CP and
EMS groups were increased significantly, compared with blank control group (P<<0.05). There was no statistical significance in
Tail DNA% , TL and TM of liver in CP group at the three test time points (P>0.05), tail DNA% and TL of stomach in CP group
were maximal at 51 h. TM was increased with dosing period. Tail DNA% of liver in EMS group, TM of stomach and liver were
increased with dosing period. Tail DNA% of the stomach, TL of liver and stomach were the highest at 51 h in EMS group.
CONCLUSIONS: During in vivo alkaline comet assay, it is recommended that CP and EMS be administered once every 24 h and
three times continuously.

KEYWORDS Alkaline comet assay in vivo; Cyclophosphamide; Ethyl methanesulfonate; Dosing period; Rats

A FEGTIF T A FERA 358095 H (No.LQY 18H160001) 5 LRSS (Comet assay ) , XFR ALANIEEEI L KIAK:
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= IR 4k R 2K (Neutral comet assay ) Fll
B £ 5L 5 (Alkaline comet assay) , HP B 5L 56 H
FH K60 UUBE DT 24 1) DNA 45475 , Bl 25 2 6 D) o A
T, FH A6 D0 0, 35 BB 1 OSURE Wy 284 1) /1 5 ) DNA #5
3. P BERENE (Cyclophosphamide, CP) 5 H LA ik £ ik
(Ethyl methanesulfonate, EMS ) J& it % 35 1 & UL %) BH 1
25, o CPJE—Fl I URE 24, T IR 7 e |
M58 R V5 s EMS & —Fh B Z A R E S, ik S5
Y AP ILL S R A 5 R AR T A
FAO A F R e AT 1) A2 i Fe v, O 4 A
RIEEPE", (HJE CP A EMS 78 25 HL5 # 3L 50 rh /R A FH
PEZ ) (04 25 24 JRL 915 T A AH DG AR 1 B SCRR L AF 52 25 ik
1157 . WA LA CP I EMS Ky BH: 259 , iz FH A
R0 A T R N 250, JE K B T2 A S 2
L, e A PR X P 2 24 4

1
1.1 {88

CometAssay®ES £ 5 155 HL ik 52 45 (3£ [ Trevigen
/) ; Comet Assay IV £ BRI £ 431 22 58 (9 [ In-
stem /> ) ; Nikon ECLIPSE E600 ¢ 5 #%% ( H 4~ Nikon
NEIDE
1.2 ZZ@m5idH

CP.EMS % M8 i ( 3% [ Sigma-Aldrich 23 &), L5 .
101767552, BCBS6100V, 4l [if : =95% ) ; CometAssay®
BRI 4 (3£ [ Trevigen 24 1), #5-: 39280D17) 5
SYBR®Green ¢ Y 44 % ( 35 [# Invitrogen 23 w) , it 5 .
20170418) ; HAh A=A 4 [ 7= 43 Hr 4t
1.3 zh#h

SPFZ¢ SDKFR27 H, & ,7~9 A, A&y (200 +
20) g, W AT Be2E Rl 2= B, e VT iuE S8 SCXK -
(#7)2014-001, 3 i G A& EG 5 1710100007
2 FHik
2.1 BRHEE
2.1.1 500 mmol/L £, & I £, 12 (EDTA) HU80 mL
dH.0,%y2 g5 %A 1k44 (NaOH) , 14.6 g EDTA, i pH % 8.0
J&i A dH.0 ZE 4 2 100 mL,

2.1.1 HLAMEYIERK B 500 mmol/L EDTA 2 mL &
48 mL JC4S BE , LM 21 A W IR £ 2% v (PBS) H , fifi H]
HIIIA 5.6 mL —HFA (DMSO) %, 4 CHIvE .

2.1.3  BIME MRS A (pH>13) B NaOH 0.4 g 200
mmol/L EDTA 250 uL, fill dH.O 7 %% % 50 mL.

2.1.4  BRPEHIKZE PR NaOH 8 g, 500 mmol/L EDTA
2 mL,NaOH &G i dH.O €5 £ 1 LA T4 C.
2.1.5 1 mol/L —= ¥ H 3t 24 5 H b - 6 iR 175 & (Tris-HCl
W) W Tris 12.12 g,dH.0 80 mL, % HCl1 5~6 mL,
pHZE7.5)5, A dH.O E% £ 100 mL.
2.1.6  Tris-EDTA 2 th W (TE Z2 vhis ) B 1 mL 1

T EHE 2013FEFE20FE2IE

mol/L Tris-HC1, 200 uL 500 mmol/L EDTA, il A dH.O &
254100 mL,
2.1.7 CPIFMAMEMS W YL BRER AR A s
CP I EMS P il J8 i 7 e B TRV T
22 HESHYH

W R BRBEAL 4318 3 4L, 43501 S 25 FI R REZH . CP 4
EMS ], 5419 K. CPALRFRUERS RS CPUR , 45 2571
4 40 mg/kg; EMS 2K U B EMS K, 45 25551
100 mg/kg; 75 [1XF BEZH R FRUE B AR BRERIK, 25 25 /R B
10 mL/kg. 34K BUEERR 24 h 2525 1 IR, L4425 41Kk,
Horfr CP A EMS 957 15tk 24 1) 35t A% g BR 22 F 58 B R
250 R R, 2 A 2 3 ARG 2 )E 3 h, R
W4 25)5 27,5175 h, B REHLIME 3 R R, HEH 1%
P 22 AN W AT BRI , ML AR BE A ) T ISR i
BREA,
2.3 BEEHAT&E
2.3.1 TP ER 10 mL VESF 25 MK BUIFT
PKGE M 4 v i A= PR K LR PR SR & A, B9 T 42
I —/ N ZE 2 (1 mmx2 mm) , 5 2R BRI 20 24
NN RSSO S G A T N O RSN NG R SR
PRI P S B2 T e B e B B MLV - K U T i T A 2 B
B 5 mL B, A 3 mL VAR, F IR 838 >4 8
PELH LB LR , B 8 5 min, FH 1 mL B g 5%
WCFTHE T R 2 07 (FLAR 40 pm) 788 F 35w, TR
(A DR VR 3 1 3 P B4 JHF A v A 1 10°4~/mL
Tl Ao
2.3.2 HERAMMER I E KRS E I, AR A
PRERKVEVE B . H R bR R RIS LS
VI IR T A gk o PSR R A A e 1) 5 8 5 TR LA
RN . BEJS 3 mL PIREIBORE F R 64 20 e A
YRR TE R, 1 mL AR AR AT T IR i L i (LA 40
pm) , PR EA FIEW . PP VIR R iR h e
YRR A 1x10°A4>/mL FHFHil Ao
2.4 #IH

FEH KB AL B IR E 5 min, WAL B8
BEILCA 37 CARKIBH ZE /20 min i ¥ H . LL1:10
(VIV) B LA B A0 B 7 S5 VAR I B I BHIR A 7
L5 mL B T 5) I 37 B 50 pL 238k A
FRRE S DI R AR B IR e e B o Wk A
BEAE 4 °CHYRBRE (VKA ) 10 min. 4283 A AR5 IS 1
NG BL—~ 0.5 mm 7 W G BRI, R i H 58 B, v]
T —2BHE,
2.5 HUfE FEER FRIK

Brak Bt A BT 4 °C B9 2 T [ 24 R R R A
10: 1(V/V) B DMSO] "2 11 30~60 min. 2445 R 5
B ARBE F = AT R A B R BE R R pH> 13, TE R
TR 20 ming FEICIIE] , 5 HL UK ASCEE VAR A BRI 20
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min, 4SS RS , FE R UKAC I 24 850 mL 9 4 “CHik
PE LK % DI, B R B R i A R VK R B B (ERBE R bR
5 A ARSI AR G R E S R
TP A VKA . CometAssay®ES £ LR 50 i ik RS
TR E N 21 Viem, HL Pk BT[] 47 30 min,
2.6 FERMNE

HI VK& 5 B 83 A 7E 4 “C Y dHLO FhE2 421290 2
W, FEUR 5 min, SRJG7E 0% ZBEH IR A K 5 min, 28
Ja B 8RB A 7E 37 CF T4 10~15 min, SYBR®Green
IGYL I TE 22 tpis w8 20 £, RS WA i 100 uL
T R Je A G Y ST R B A T B IE B b, IR
TR 30 mine YLt g RS R TE I
B2 2 A B DOE YL, HEAE K TR R BRI . £ 3T CF
SEATHRG B T K N 450~490 nm Y286 W iMEE T
2.7 WHEERXBERNKE

AR5 F Comet Assay IV 3 B 5055 /b R4t
X WL 3 (14 20 M R A7 40 A P4, I K F S B2 2 35 DNA
H 47 (Tail DNA% ) 1< (B B L R 2 & A e R
s RS, TL) fEAR (B K5 R DNA H 4 L r IR Y,
TM)VENPEA 8 PR o B H R 2 5 BEHL 5> HT
150 14 A .
2.8 SitFEaih

RIR K FH SPSS 22.0 B #- 1 T 58 it #r . Bds
Fx+s 2R, A RS R 208, P<0.05
FREFHAGHH#E X,
3 R

3L AN 25 24 s ] ) 25 A e AR ] DL e 1
3.1 BFFAEH) Tail DNA %

25 ) BE 2H KRR 3 RGBS ] 45 Tail DNA % 22 5%
TG 2R L (P>0.05) , I AR L ERE. 5
25 [0 BEZH F 42, CP 2H 1 EMSS 2H K B 3 A6 T B i)
JIF #1819 Tail DNA % ¥ 8 ¢ F} & (P<<0.05) . HiHp CP
2H KRR 3 A A 0 Bsf (1] 5[] JH- 79 Tail DNA % 22 5 481t
227 L (P>0.05), 5 1% Tail DNA%7E 51 h i fz K ; EMS
ZH K BRI Tail DNA % Fifi 25 24 s [B] A SR i =, B 1Y)
Tail DNA % W.7E 51 hif i K. UiH] CPRIEMS HIR4G 2
J7i 51 h ) Tail DNA % ffusk. 3 41K FBRUHFIE oY Tail
DNA % [l e 25 3 L4 1.
3.2 BFFBHTL

25 PN AL A R 3 AR I ) 05 TL 22 5% 42
B (P>0.05), Ut BRI A R LR . 525 FIXT IR
A, CPA M EMS 4R BFR T HIRSG 255 27T h B 11
TL 25 S BT 75 LN (P>0.05) , LA I sk i) 5 T
FH 0 TL Y HE A5 (P<0.05), Hii, CPZH AR 34
Sl s () g (B JH Y TL 22 57 G824 8 L (P>0.05) , F
() TLAE 51 hif ik s EMS 2 K BUIF AT (19 TL ¥4E 51 h
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ARG 2Th
EMS 4

B.H K425 51 h
23 IR HEAL crP4l

EMS 4

CHIRGZRT5h
T a B R SR G0 b B R b B 007 1 5 o 8 2 R AR i
Note: a. initial position of comet head; b. middle position of comet
head; c. end of comet tail

Bl AR%GHEEE3EXRINENERIXKATE

Fig 1 Typical comet assay plot of liver and stomach
in rats of 3 groups after different administra-
tion time
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e K. Ui CP FIEMS IR 45 25 )5 51 h 1 TL e fil
S, 3L R FUHRNE i TL AN e 45 R W3 2.
x1 KRR ERE3HXRFFE I Tail DNA%
HIMELER (x+s5,n=3,%)
Tab 1 Results of Tail DNA% of liver and stomach in
rats of 3 groups after different administration
time(xts,n=3,%)

27Th Sth 75h

S I T S 0 I
SIHEA 2241082 3284120 284+142 297251 256%186 354273
cpél 25.5849.397 24234676 2457112057 53.63+1527° 22774840 46.20£20.597
EMSHL 455845017 3822412157 5176 £10.02° 98224224 773141027782.649.427

52 IR AR, * P<<0.05, 5|41 27 h Fed,"P<<0.05, 5
[f]4151 h b4, *P<<0.05

Note: vs. blank control group, “P<<0.05; vs. at 27 h of same group,
"P<<0.05; vs. at 51 h of same group,*P<<0.05

FR2 KAARERERE3IAKXRIFSE S TLER
ELER(x+s,n=3,um)
Tab 2 Results of TL of liver and stomach in rats of 3

groups after different administration time (x +

s,n=3,pm)
2h 51h 75h
ik
i 0 7 i 7
SR 2384060 225058 2621041 2384029 2564032 2431036

cp4l 3S1E121° 2091061 370+0.76° 599260 403£183° 381136
EMSH 45240327 2304068 520138 890+524  382+1637 75243427

T 523 % 4L HAR, *P<<0.05, 5 [RI4 27 h HAR,"P<<0.05, 5
[F£H 51 h L%, *P<<0.05

Note: vs. blank control group, *P<<0.05; vs. at 27 h of same group,
"P<<0.05; vs. at 51 h of same group,*P<<0.05

3.3 BB TM

25 PG BERAL K R 3 ARG i 8] 45 TL 28 5% B4 i
B (P>0.05), Ui IR R LR E . 525 FIXTIR
ZH b4, CP A EMS ZH KB 3 Al B[] 50 H-F0 ' 9 T™M
B A (P<<0.05) . o, CPZH KRR 3 446 I e Ji]
RUEH R TM 22 o4t 152 X (P>0.05) , B 1) TM [
o 2k () 9 SE T T 5 s EMS 4K FRUFF AN Y T™M 2Bt
SR 2 I IR FR S KT TR . 3 AR BRI B AR g T
FELGIR LR 3,
4 Itig

WL EEPE IR 2 AR IR R & TP A EE 22
2%, 1R I A 2 W BHE FILRLJR) (CFDA) F 2007
AR A2y st AL BEEF R EORFR R ) 4R Y
BRUELE A R — TR S A 1 35 R 58 A8 1 — TR FH R 7L
S AL HES T A AR S e AR 5Tl U , sl A Ah /N BR
Ik 98 TR IR 2 AR 306 . — TR F il 147 21 3 1y 12 1 240
LA T A PR e G AR 3 1 o AR B A X 15t 1
PRI AR 55 , 8% BB B AR FIORT 7 ik 81 50 3
R IR T REAEE , iniARSMEAZ il A

T EHE 2013FEFE20FE2IE

x3 HKAREREGE3HXRFNE R TMERD
TEER(xts,n=3)

Tab 3 Results of TM of liver and stomach in rats of 3

groups after different administration time (x +

s,n=3)

45 27h 51h 75h
A B g I B [ B

SAMEA 004002 0041003 0.03+002 0041002 0031002 0.04%0.02
Ccré 033£0.04° 025009 028+0.12° 089076 035£023° 3.05%163°
EMSHL  069+0.11°  036£0.12° 12740517 398+231°7 269+0.74 4524242

528 PO B A, P<<0.05, S R4 27 h Ek 4, 'P<<0.05, 5
[FIZH 51 h HeAE, “P<<0.05

Note: vs. blank control group, “P<<0.05; vs. at 27 h of same group,
“P<<0.05; vs. at 51 h of same group,“P<<0.05

SR FEILRBIRY W], (RS L 3h i 40 s A1
PR S TS LG R T T 2 e, BT iR
o [ B A 24 & P AR B 25 (ICH) 18t 4% 21 45
T2 22T 2006 4F 6 J ) shist A% 2 4e = s i & T
TAE, HF 2011 A2 1L JTIESETT S8 B, FHHEFR 2R B
K E A H ARG . b TR UE 2 sl s Y
FVERA M FTAT 55, 3R CFDA B8 ICH 26 [H & 5k izl
YE )R (FDA) (&3 A 1E S & R4 4L (OECD ) A K5t
FAEVEHE SN T 2018 4E 3 A M4 1 Hr i 2 ¥ s i 4
PERFFE R ARG T, BT dE T I R s o AL 4
T T AT e A P AL A AR G — T AR Y B2
LTI — TR DL BRI A% DNA 451493 (A sk s 56
25, AT LAK I DNA B/ XU 40 Bt AN FeUE 2 5 . DNA
SEAE Z R AL, TR IR S50y T R T 58 A8 18 A
FS AL E AR A ST B

FIIE A B2 5 F FH EMS F1 CP #2577 P 2R,
B0 k0 H SR LR X EMS AT CP 755 Y DNA 6
Brft R AT T . CP R I AL = PN i P
254, FEVR N SE IR 25 20 i A — O IR s RS, (B RS 4
Y25 2507 KO T IRSE 24, R ARIIE 25 25 7 X — 2K
P AR BERCT 1 ARZ59 EMS 1E Ryt {4 /5 BR2# PEA
MIBAPEZ Y. A 22 i ARFSE %) EMS Fil CP Il
A A 2 R LG 4 R R R AT . AR
P25 AL mE A T BT R ) 2K, £ LI 2
B PE U 45 bR b £ AL Tail DNA% . TL #1 TM, H o D)
Tail DNA% A 3. AWF5E x5 25056 (1) Tail DNA % |
TL A1 TM JEAT T 434, 76 3 /s 8] 5 p A6 00 v, 23 1 %k
B ZH K BUAY Tail DNA % \TL A1 TM ¥J4b F—A~ Lo &ifa g
FIRME, P B 00 R 40 ek . EMS FICP s &
) DNA #5475 14 i i 1 £ & Tail DNA% TL #1 TM g4 7
J2 e, Hrbr ) Tail DNA % F1 TM S SR8, 78 3 /A6 st 7]
J R T As O IR, T TLAE IR A 255 27 h
B R 5 s [ B 25 R oS iR L, OECD
ECK Tail DNA % 1F 5 BRI i £ 2S5, Hh 351

China Pharmacv 2018 Vol. 29 No. 22 - 3201 -



22 PR i A 2 R i o B A Hh i
LAE; AL Tail DNA % 1524 3 2 H9E M F5 45, TL A T™ A
HANTEHERR o
TEARISE R, B BT B A 2 R A
AR S, FO P TR 2 W 7E A N AR 10 R B B,
TESAT 25y e PP i R b, FIRGS 25 2 i DL 453
25773, N e S (55 2 i A9 F2 2840 B il
SRR AR E . AR R, B R TR
JRIHLAE , HAEEMS I CP B IR 45245 51 h 75 h i
(¥ Tail DNA% . TLFI TM LU BERURR . 7245 25 )5 iRl
FOP L EE R T IR G 25 27,5175 h BEAT o0 T, 25
TR TEE IR 255 LA 51 h iR 45 51 R8s 5L 1R A
AT fe . H A AU A BRIE O (JaCVAM) B
B UESS SRR, 2L 3 d 45 24 BE B R oA 1L 5 st
L REVEVE D, i — M b 6 45 25 JR1 1y 3 dU, OECD i 4
R AN R R 8 5 B AR M Bt e g, DA 3l
PRl o ASIFFE 4 R TR R 2 ) 14 22 4 24 3 0 A
RO AL
23 BT XS 25 ) HEA T U DN B B R U
WCPHEZY CPHIEMS B9 25 25 A IR 45 24 h 45 25 1IR, i%
SRR/
B3k
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