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Establishment and comparison of a positive model for fertility and early
embryonic developmental toxicity in female rats
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[ Abstract]  Objective To compare the changes in reproductive and developmental indexes after administration of

different doses of cyclophosphamide before mating in Sprague Dawley (SD) female rats, and to establish a standardized
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positive model for fertility and early embryo developmental toxicity test ( Phase 1). Methods One hundred and fifty SD
rats (75 male, 75 female) were randomly divided into three groups (n=150; 25 male, 25 female), solvent control,
cyclophosphamide 100 mg/kg and cyclophosphamide 20 mg/kg. Female rats were injected intraperitoneally with 20 mg/kg
or 100 mg/kg of cyclophosphamide once daily in the 14 days preceding the mating period.The solvent control group was
given the same volume of normal saline via the same route. Drug was administered from 14 days before mating until the 7"
day of gestation (GD,, the day found the sperm orthe pudendal embolism seemed as GD,). No drug was administered to
male rats in any group. General physical examinationof the animals was performed daily, body weight was measured twice a
week and food intake was measured once a week. Female rats were sacrificed at GD,, and pregnancy outcomes including
pregnancy rate, loss rate before implantation, rate of implantation, the numbers of corpora lutea, loss rate after
implantation, live fetuses, rate of live fetuses, uterine plus fetal weight and rate of absorbed fetuses were recorded. Results
Compared with the solvent control group, the body weight and food intake of the two cyclophosphamide groups were all
significantly decreased ( P<0. 05 and P<0. 01).There was no significant difference in pregnancy, pre-implantation loss and
implantation rates, or the average number of corpora lutea and the mean implantation number.The weight of uterus plus
fetuses in the cyclophosphamide 20 mg/kggroup was significantly reduced (P<0.01). The average number of live fetuses,
the rate of live fetuses, and uterus plus fetuses weight were significantly reduced, and the rate of absorbed fetuses was
significantly higher in both treatment groups compared with the control group ( P<0.05 and P<0.01). Conclusions One
hundred milligrams per kilogram and 20 mg/kg of cyclophosphamide administered intraperitoneally to female rats once and 5
times a day during the 14 days preceding mating, can successfully establish a standardized positive model for fertility and
early embryo developmental toxicity in SD female rats, with 20 mg/kg cyclophosphamide representing the best option.
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Table 1 Effect of CTX on body weight of female rats before mating

2133 Groups %L No. D, D, Dy Dy,
X HEZH Control group 25 194.9+9. 4 206.0+10.5 215.7+£11.0 220.9+11.9
CTX 100 mg/kg 25 195.1+10. 1 199.5+9.6 191. 1+15.5* 208.8+£16.3"
CTX 20 mg/kg 25 195.1+10.3 202.1+8.6 209.5+8. 6 216.2+11.2
T ST AALL, * P<0.05, ™ P<0.01, ‘CTX 100 mg/kg D if n=24,
Note. Compared with the control group, * P< 0.05, ™ P< 0.01.*CTX 100 mg/kg group with n=24 (D,,).
F2 HEEBEEAT SD A EUAE MM (2 s, g/d)
Table 2 Effects of CTX on weight gain of pregnant rats
ZH 5] Groups Y%L No. GD, ~GD; GD; ~GD, GD;~GDy, GD,~GD,
Xf HRZH Control group 23 5.0+1.6 4.2+1.1 5.0+1.3 5.5+1.7
CTX 100 mg/kg 22 5.71.5 4.1£1.3 4.9+1.5 5.3x1.1
CTX 20 mg/kg 20 5.2+1.4 4.0+0.9 4.7+1. 4 5.6x1.3
R3 RWEBLIRS SD MERFE R A (2 £5)
Table 3 Effects of cyclophosphamide on food intake of female rats
AT TR
21 5] Before mating Gestation period
Groups T i—H 55 A IETE Fi—JH 5
No. First week Second week No. First week Second week
X} HRZH Control group 5 15.6+0.3 17.4+£0.5 23 21.7+1.3 25.8+1.8
CTX 100 mg/kg 5 10. 8+0.7 17.4+0.7 22 21.8x1.4 24.5+1.9
CTX 20 mg/kg 5 13.9+£0.5™ 18.4+0.4 20 21.3+2.4 23.5£2.2™
T S ML, ™ P<0. 01,
Note. Compared with the control group, ™ P< 0.01.
R4 BB SD AR (2 +5)
Table 4 Effects of CTX on the hormones of pregnant rats
25 EIE7E S (nmol/L)  MEZME(ng/L)  PUIEHIME (TU/L) SAAE (py/ml)  ZPHA (pg/L)
Groups No. T E, FSH LH P
X BEZH Control group 23 74.1£7.6 44.0+13. 1 11.6+1.5 992. 6+78. 1 18. 1+4. 1
CTX 100 mg/kg 22 72.0+7.9 46.6+13. 8 11.3+1.6 984. 8+72.9 18.2+5.4
CTX 20 mg/kg 20 66. 1+7.7™ 49.2+14.9 11.6+1.2 1001. 0+81.6 21.1£6. 1
T ST AR L, ™ P<0. 01,
Note. Compared with the control group, ™ P< 0.01.
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Table 5 Effects of CTX on the pregnancy outcome of female rats

EER Ve 7

Groups/ Items

VRS B2
Control group

FRBEBERE 100 mg/kg 21

CTX 100 mg/kg

B BERE 20 mg/kg 41
CTX 20 mg/kg

L% Mating success( % )
BHIEL No. of pregnant animals(n)
IR Pregnancy rate( %)

#E{K Corpora lutea
SFEREL Total corpora lutea(n)
SEHI#E A% Mean No. of corpora lutea(n)
FHIRATE S 3K Loss rate before implantation (% )
%K implantations
S35 PREU Total No. of implantations(n)
4425 REL Mean No. of implantations(n)

# K Rate of implantation( % )

H KRG K3 Loss rate after implantation( % )
& B& Live fetuses
15 BEEL No. of live fetuses(n)

SEH135 R%L Mean No. of live fetuses(n)
IR Rate of live fetuses( %)
I EC No. of absorbed fetuses(n)
Wi Rate of absorbed fetuses( %)
FEIREL No. of dead fetuses(n)

BENRR Rate of dead fetuses( % )

‘EENRTE Uterusplus fetuses weight(g)
AMIRIEFTEZL No. of appearance malformation( n)
SR TE % Rate of appearance malformation (% )

92.00(23/25)
23
100(23/23)

333
14.5£1.3
7.21(24/333)

309
13.4+1.3
92.79(309/333)
3.56(11/309)

298
13.0x1. 4
96. 44(298/309)
10
3.24(10/309)
1
0.32(1/309)
12.2+1.2
0
0

91.67(22/24)
22
100(22/22)

300
13.6+1.4
8.33(25/300)

275
12.5+1. 4
91. 67(275/300)
8.73 " (24/275)

251
11.4+1.8"
91.27 " (251/275)
23
8.36 " (23/275)
1
0.36(1/275)
10.4£1.8*

0
0

84.00(21/25)
20
95.24(20/21)

267
13.4+2.1
6.74(18/267)

249
12.5:1.8
93.26(249/267)
5.62(14/249)

235
11.8+2.2
94.38(235/249)
13
5.22(13/249)
1
0.40(1/249)
10.7£2.1*

0
0

T SR IR L, * P<0. 05, ™ P<0.01,
Note. Compared with the control group, * P<0. 05, ™ P< 0.01.
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85 CTX Py 4 B 31k XL HAE G

CTX 20 mg/ kg ZH SE i i 251G T i X R4, 22
Bl 2 TR B BB . H8 Jarrell 25335, CTX XT 5P
HEAWAEMTEER X KR 2R3N
L7 e BRI 2 KO- BRI, S5 G AT T SD K
BRI MR Ak I R 45 25 07 58 T 0 3 5 i) o R
FRON B3I DR, 5 SCHRARE BA B — 3k

CTX 20 mg/kg 1 100 mg/kg 2H 5 FAAH -1
BOURER | EE REIOR T 34 36 R 5 W T R ZH AR
RG22 5 (A R R K ARSI
T CTX ATl R AT A SO 5 T R i

JRJIG R B E B L, (H A I8 31— 2 B E, ) 52X

RMIRTCIE A, B AR P, AR SER T Y
PRI 25 245 5 52 150 AT 410 i) kK BB SR HE N A B
M/ H A RA, 5 SOkl B — 3k, 539k,
PR 25 7 R Al SBOR B R M E IR G KR
WIS T =, 05 R R R TR iR T T AR, R W
CTX Wi ea 2 5y nl s s R IR IG & &, 4E
Gr A K 4 S O T,

25 b 7E GLP L = 5514 T, SPF ZUME 1 K R
TAZECHT 14 d #% 20 mg/kg F1 100 mg/kg F3 1) I Ji
HHAT CTX 5 d A1 d, &K 1, 0] LLAL S i
7 SD MEME KR EES 1 5 R IR G & B 2 1 FH 1k
B LB Rl 45 25 07 58 51 2 Y P R BRUAE R 45
Ja &I 100 me/keg MRS TES 45T 1 IRINER 2507
ENPES &I CIE AN L EF it Tt A E =37 N =l e |
T G RN 3 G R W 0 AR AN B
B BAPERRAE , AT AR S PR R BLA: B 0 5 R IR G

A B PEH PR bR T 5

H AT, A SCHRRIE CTX A/ A ke L1375 5 00 S 1)
Rk S DR BN AT T e
T A M AR B T REEA ST ), BRI BT A



26 rp ] P PR 2 ks 2020 4F 2 A4 30 55 2 ) Chin J Comp Med, February 2020, Vol. 30, No. 2

YRR 2GRS AR 25 B A 2T
AR TR, A 2 0 B R AR A AT B
CLE PR LS SR FIA B 515 B A AR 45 R R W] T
CTX X 1 BeA:FE T M A U 15 46 b 52 e 1 R RE
BT ARBIE A —LeiE ATk A ) R S 1R bR
AG BRI B BHVESS R, (N CTX 4 2584
2 251y BOMI 25 2550 4 S5 0 A BE— UL R nT B 45
S A 2 GLP 5256 8 [A] A4 He 4 WF 58t 2 A+
JeH39), CTX 18R 23 TN B A o A BH P o B 523K

SE 30k :

[ 1] ICH Steering Committee. Harmonised Tripartite Guideline S5
(R2). Detection of toxicity to reproduction for medicinal products
[EB/OL ]. 2000 [ 2018 = 12 - 29 ]. https://www. ich. org/
fileadmin/Public_ Web _Site/ICH _ Products/Guidelines/Safety/
S5/Step4/S5R2_Guideline. pdf.

[ 2] ICH Steering Committee. Harmonised Tripartite Guideline S5
(R3) Revision of S5 Guideline on Detection of Toxicity to
Reproduction for Human Pharmaceuticals[ EB/OL]. 2017[ 2018
-12-29]. https://www. ich. org/fileadmin/Public _Web _Site/
ICH _ Products/Guidelines/Safety/S5/S5-R3EWG _ Step2 _
Guideline_2017_0705.pdf.

[ 3] ICH Steering Committee. Harmonised Tripartite Guideline M3
(R2): Non-clinical safety studies for the conduct of human
clinical trials for pharmaceuticals [ EB/OL]. 2009 [ 2018 - 12—
29]. https://www. ich. org/fileadmin/Public _ Web _Site/ICH _
Products/ Guidelines/Multidisciplinary/M3_R2/Step4/M3_R2__
Guideline. pdf.

[ 4] FDA. Guidance for Industry Reproductive and Developmental
Toxicities-Integrating Study Results to Assess Concerns [ EB/
OL]J. 2011[ 2018 - 12~29 ]. https : //www. fda. gov/downloads/

Drugs/ GuidanceComplianceRegulatoryInformation/Guidances/

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

UCMO079240.pdf.

Central of Drug Assessment of National Food and Drug
Administration. Technical principle of drug reproductive toxicity
research[ EB/OL]. 2012[ 2018-12-29]. http://www.cde.org.
cn/zdyz.do? method =initValue&frameStr= O#top.

IMEE, AT, EIRG, A5 A 2 e T R 25 W Al I R A 5E
AR (7], PEBZZE, 2011, 20(22) ; 2195-2204.
IMEHBE, JAFT, EIR, A 259k I R A T R F wE I
BN @ (1], RGBT 4R, 2012, 21(8): 836
-843.

BASCHR, JAT, PMVEAL. BORSCE PR B [T]. B
IR, 2010, 24(2) : 162-165.

Ghobadi E, Moloudizargari M, Asghari MH, et al. The
mechanisms of cyclophosphamide-induced testicular toxicity and
the protective agents [ J]. Expert Opin Drug Metab Toxicol,
2017, 13(5) : 525-536.

PV, JAAFT. 259005 A TR e: (M. B, WA}
L5 2015.

RME, BOOUAR, IO, 5. A IR 2k A4 R 50 Pl ok i 2 7
NGB R A XS LAY (0], T E R A ARG,
2013, 25(3): 218-225.

Jarrell JF, Bodo L, Younglai EV, et al. The short-term
reproductive toxicity of cyclophosphamide in the female rat [ J].
Reprod Toxicol, 1991, 5(6) . 481-485.

AR, WEEE, MR, BB X K R IR & E AR
RRNE (1], b EBACBIAZ 2GR, 1999, 16(5) : 1-3.
T, HREST, ZEEEE, A5 IBRIER BOR LIPS RN &
HA IR A AL R Y (1], BIEEESE, 2018, 41
(8):483-488.

PREAE, I3, B, IBEREHT SD K RAF 1 5 R IR
AR T AP R S ()], SR RLE, 2015, 32
(6): 8-12.

(YeF= HH#I)2019-09-17



