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WE. ATHIRAFEFENZD B REER (PMSG) #1544 (Oryctolagus cuniculus f. domesticus)
RS, OSSR PMSG 4 HIAIRIG RSN BN, K 24 R Gy st 4L, 50 1UL 70 1U
90U, FH6 R, MIRANMAIE, 5 3H5AES 501U, 701U F1 90 1U PMSG Fl5E & 100 |U
NEBIFE rm%'@% (HCG) Xf FK AT HEHEAC . M) W O SRS A S K. R R 24
HCS ml o R, 3 A e A S R A o UV AR AR 5 2R vk, % 2 200 35 9 3 R I AT A A B R 8%
LR IOR, PMSG ACFRL SxFBALAI LG, FEE PMSG V5 7 (K, 5% G O 555 K o5 5 M1 18 2404
RFEHR (P<00D), JFEKEREMK (P <005, JRERTRM, PEE0EL, 574, BEPMSG
TESFR AR, IRGIPIE LI RN E AR . = RN E A RN iE (P <0.0L), =Zupiarop
T R S, SHRAMLLEREE (P<0.05); =HIEHERMIEHITLELE, 701U
R E ST HIEA R 501U A 90IU A (P<0.05). 901U ) PMSG 2 SEGEHEMA Rz S 3, 1 70
IU 1) PMSG AT et = YRyt vh R BEA B R B & SRR AL H 38 2 SR 3 A et g, R [R5y
T%@iﬁﬂi@ﬁ@ﬁ& G SME TR, PMSG SLEb 415X AL, [N PMSG FESFIRKE R, ik
WA R R (P<0.0D), 2-41fi%E% FE (P<0.01), 4-41fi#% &8 ME (P<0.05).
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Abstract: [Objectives] In order to study the effects of different doses of pregnant mare serum gonadotropin
(PMSG) on ovarian morphology and early embryo development in vitro after superovulation in rabbits

(Oryctolagus cuniculus f. domesticus). [Methods] Twenty-four rabbits were randomly divided into four
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groups, with 6 rabbits in each group. The control group was not treated. The latter three groups were injected
with 50 1U, 70 IU and 90 IU PMSG, and 100 IU human chorionic gonadotropin (HCG) for superovulation.
After dissection, the morphology and tissue parameters of ovaries were measured. Embryos were flushed from
the left and right Fallopian tubes into Petri dishes by using 5 ml washing solution and then transferred to the
cell culture room for in vitro culture and observation. The results were expressed as “Mean * standard
deviation, and the data were analyzed by one-way ANOVA with SPSS 25.0. P < 0.01 means the difference is
extremely significant, P < 0.05 means the difference is significant, and P = 0.05 means the difference is not
significant. [Results] The results showed that compared with the control group, the weight, width, and
thickness of ovaries in the PMSG-treated group increased extremely significantly (P < 0.01), the length of
ovaries increased significantly (P < 0.05), the surface of ovaries became congested, and the number of
follicles increased with the increase of PMSG injection dose (Fig. 1, Table 1). In addition, with the increase of
PMSG injection dose, the diameters of secondary follicles and their enclosed oocytes, and the diameter of
tertiary follicles decreased (P < 0.01), while the diameter of oocytes in tertiary follicles increased, with a
significant difference compared with the control group (P < 0.05, Fig. 3, Table 3). The diameter of tertiary
follicles and the dominance rate of follicles in the 70 U group were significantly higher than those in the
control group, 50 U group, and 90 1U group (P < 0.05, Table 4). When the embryos were cultured in vitro,
compared with the control group, PMSG treated group had a significantly higher embryo deformity rate (P <
0.01), significantly lower 2-cell rate (P < 0.01), and significantly lower 4-cell rate (P < 0.05, Fig. 2, Table 2)
due to the increase of PMSG injection dose. [Conclusion] 90 IU PMSG superovulation can cause adverse
effects, while 70 IlU PMSG can increase the numbers of follicles at all levels and the dominance rate, and
promote the development of oocytesin tertiary follicles, but reduce the diameters of follicles at all levels.
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Fig. 1 Comparison of ovaries after treatment with different doses of

pregnant mare serum gonadotropin

a XtHE4H; b.501U4H; c. 01U 4; d. 901U 4l. a Control group; b. 50 1U group; c. 70 IU group; d. 90 1U group.
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Table 1 Effects of different doses of pregnant mare serum gonadotropin on ovarian morphology

- Xt 2R 501U 4 701U 41 901U 41
W5 T H |
Parameters Control group 50 IU group 701U group 90 1U group
n=6 n=6 n=6 n==6
INETES S & Weigh (g) 0.18 £ 0.07° 0.32+0.11° 0.46 + 0.23° 058+ 0.13*
Morphologi f th
0\,0;?60 ogical parameters of the & Length (mm) 15.56 + 2.89° 1745+ 2.77® 18.40 + 2.78% 1853 + 2.29%
% Width (mm) 529+ 0.75° 567+ 1.57° 6.80+1.36" 7.37+0.90"
J& Thickness (mm) 3.96 + 1.45° 4.26 + 0.80° 491+ 1.21°8 5.60+ 1.02*
GBI INE (%) R Weight — 77.78 155.56 222.22
Increase rate of morphological "
indexes of the ovaries K Length — 12.15 18.25 19.09
% Width — 7.18 28.54 39.32
J& Thickness — 7.58 23.99 4141

AT EEE AR SR A 8, R ERAEE (P = 005
NAREFHRRRERPEE (P<0.0D,

, BARFREARR/NE 78, £REREF (001 < P < 0.05),

If the peer data are not marked or the same letters are marked, the difference is not significant (P = 0.05), if the data are marked with

different lowercase letters, the difference is significant (0.01 < P < 0.05), and if the upper case letters are marked, the difference is very

significant (P < 0.01).

701U, 90 IU ZHAR 35 KT X HRAH,  PRVE S 741
HEIG, UPEEREER O, 7890 1U iAF|
A (P <0.01); BPEETE 70 U F1 90 1U ZHA%
BERTHHRAM 501U 40 (P <0.01); P
JE 901U M B KT HHRAM 501U 4 (P<
0.01), FPEK 701U #1190 U 453 K Tx 18
4 (P<0.05).
2.2 RRRHIMESN R B ER

AW TR P K R IRIRON TR 7 B
MEREASEMEW T (K 20, H&k

SRR TR L RUIR IR 73 n) R 2 2-40 M. 4-4
M. 8-4ff S AR B (B 2b~f). TER%
TERIL, AT IRAG I OR RO /IN S 85 HE
IR BARRCERIE M, ARE B R E
(Bl 2a~1); MBI IIRERK AN BN
By, GERRABORELE EWAAET, AR A
EWE, AR E (K 2g~i). XTHRZHLA 501U,
701U, 90 IU A 3RA5 (1)~ a4 il v 5.2,
8.4. 21.8. 17.1 ¥, 70 U I HEAR Bk & 2%
BT HAME4 (P <0.01), {H 901U 4IFia%k
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Fig.2 Morphologies of embryos at different development stages

a ZKEU0; b, 2-40fl; c 4-408E; d. 8-4iH; e. f. F[AHME; g. he Q. BIEREA.
a Fertilized egg; b. 2-Cell; c. 4-Cell; d. 8-Cell; e, f. Morulg; g, h, i. Abnormal embryo.

MIBEAE, B PMSG 5 BRIk, MG IE
RWEERIN (P <0.01); EARARRIARSMES I
W, 701U AERA5 0 2-40 0. 4-4H . 8- it ik
B IRIIR 2, 77709 7.8, 6.8, 5.8 11 4.6
Feo TSRS FR IR 2-4H i Z 0 B ARl 0 38 v T
HAZH (P <001, 4-4HEMBHEE
T U4 (P<0.05), HAKHAZ A EFAL
# (P >005), 84iffiR, RMMERZHL A
ZRAEE (P>0.05) (£ 2),
23 ARAKEMRIFEERNZN

TEABHE G 1 OF SL2H 2 RE A WL 52 1) kb T A
[F R BB BB i, anHES T 50 5 R 2
JREAUIIE (B 3. &A% WA H LI o
W 3b). IRV A R B R K

Zumits (B 3c), LARIE RO I = 2 5 E

(B 3d)o I3 e %5 2% BR v A O BEAH i B
7 (R, FRIERSEHZ MERARE
(P>0.05), #1250 E A% R4 KT
501U, 701U, 901U 41, 50 IU 4 & & KT
901U 4 (P <0.01); #IZ%UNiL Gp BF40 i B A%
501U 2123 KT HAR&H (P<0.05); K0P
BT AR KT 701U, 901U 4 (P <
0.01), K& YN 5 BEZH M ELAE AT REZH . 50
IU. 701U HEE KT 90IU4 (P<0.05); =
0 EHAN R A B E KT HAKA, 50
U, 701U dH# 23 KT 901U 4 (P<0.0D),
—RYNEH R E A% 90 1U 41T 3 KT
MZH. 501U 4 (P<0.05),
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Table 2 The embryo cleavage rate after treatment with different doses of pregnant mare serum gonadotropin

paglieeil 501U 41 701U 4 901U 41
Control group 50 IU group 701U group 90 1U group
n=6 n=6 n=6 n=6

5% No. embryos 517 + 1.47° 8.42+173° 21.83+2.66" 17.08 + 5.82°
JIE RG22 Embryonic deformity rate (%) 6.45 17.82 18.70 3854
2-411fa%k No. 2-cell 3.67+156° 3.25+0.75° 7.83+ 2,08 433+ 167°
-4 2-cell rate (%) 73.08 + 22.87" 47.17 + 8.29° 44,17 + 9.59° 44,08 + 14.93%
4-41H %4 No. 4-cell 267+ 1.44° 2.92+0.90° 6.83 1.70" 3.25+ 1.60°
441K 4-cell rate (%) 52.33 + 24.39° 42,00+ 9.79® 38.75 + 8.40° 31.58+10.21°
8-4liffa%k No. 8-cell 2.08+1.31° 2.42+067° 583+ 1.75" 2.92+1.24°
8-41 2 8-cell rate (%) 39.75 + 20.06 35.08+6.95 33.67+10.85 29.00+ 8.63
Z %L No. morula 1.75+ 1.36° 1.92+051° 458+1.73" 217+ 147"
FHEHE Morularate (%) 3250+ 23.48 28.76 £ 8.47 26.08+ 855 20.50 £ 12.70

FEATEAE AR SR R 7B, RRERARE (P = 005, BEFREARNGFEE, £nzERE#E (001 < P < 0.05),
AERGFRFRZRWRESE (P<0.0D.

If the peer data are not marked or the same letters are marked, the difference is not significant (P = 0.05), if the data are marked with
different lowercase letters, the difference is significant (0.01 < P < 0.05), and if the upper case letters are marked, the difference is very
significant (P < 0.01).
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Fig.3 The follicles at different stages

a JFIRNIE: b, WIKINE: c. d. KON el f. =ZUMIA. FA. BRIEME: IC. [R4EAE: OA. BREZIK: OV. BRIk, PO. ¥I%k
YREFATAE: PRF JEIRURIL: SG BURLE: TFE. UPiUSMZ: TR SRHAE: ZP B

a Primordial follicles; b. Primary follicles; c, d. Secondary follicles; e, f. Tertiary follicle. FA. Follicular cavity; IC. Interstitial cell; OA. Ovarian
artery; OV. Ovarian vein; PO. Primary oocyte; PRF. Primitive follicles; SG Stratum granulosum; TFE. Thecafolliculi externa; TFI. Thecafolliculi
intern; ZP. Zona pellucida
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Table 3 Diameters of follicles and oocytes at different stages after superovulation treatment
X 2 501U 41 701U 41 901U 4
Control group 501U group 701U group 90 1U group
n=6 n=6 n=6 n=6

JRU5ER7E 42 Diameter of primordial follicle 32.33+6.30 31.15+4.90 29.67 +£4.14 20.76 + 4.24
¥4I E 42 Diameter of primary follicle 95.20 + 9.34% 80.23 + 17.33° 74.85 + 16.12°¢ 69.26 + 6.53°
YERFLEL 4% Oocyte diameter 4835+ 7.32° 56.37  7.15° 49.47 + 9.54° 49.48 + 4.64°
RN E SR Diameter of secondary follicle 208.92 + 68.32" 18150+ 50.25"®  168.32 + 40.61° 155.02 + 14.94°
GUREAH I B2 Oocyte diameter 90.28 + 19.22° 89.19 + 19.62° 86.68 + 21.90° 70.96 + 20.07°
=Y EE Diameter of tertiary follicle 781.37 + 170.63" 675.27 + 101.54° 642.94 + 67.38% 475.63 + 61.01°
YRREAMfI B 4% Oocyte diameter 99.15 + 15.07° 108.36 + 8.04™ 119.16 + 26.48% 120.85 + 20.67%

[E 47 H R ARV E AR [ 75, RRZRARE (P = 005, HUEREAENG 7/, RREFEFE (001 < P < 0.05),

AFEREFHRFRRERFREE (P<0.0D).

If the peer data are not marked or the same letters are marked, the difference is not significant (P = 0.05), if the data are marked with different

lowercase letters, the differenceis significant (0.01 < P <0.05), and if the upper case letters are marked, the differenceis very significant (P < 0.01).

2.4 AFREGE BN HLER

STHEZL. 50 UL 70 1U #1190 1U 2 op
W R AR ORI BT RV RN IR R UV %5 2
ZERAEE (P>005); =200 3. on
RFAE 70 1U HEE T XY, 50 1U A
901U 4 (P<0.05), HR&HM2ERARE
(P>0.05) (%4,

3 iR

3.1 AERE PMSG 45X AIENES
4k

AWK, 1E HCG sE &5 100 1U I,

PMSG vE4F57& 4 50 U A1 70 1U I}, 701U 5
T U E R, AR 50 1U 4R K, H
M B 78 ML O BT iGN, RIS oAt 2
BEX R BRI R—E (UFEE 20100, Bk
GHEE (2014) FIF B RN IUGERHE AL 5 i 310
RN, R BB S G2 1 OR SE P
HRK. Kim & (2021) &3, PMSG/HCG 4b#
Feffdi /N (Mus musculus) BRMIAE K, 14
F5, YPEAFE K. Somanjaya 25 (2021)
X2 (Ovis aries) HIFBHESZ 6 & IS4
X2 T PMSG BEfE3EOF 5 FRE I A K
RE . 50 M AL S B ORI RS A,

#4 FEIRE PMSG X &Z A BN

Table 4 Effects of different concentrations of PMSG on the number of follicles at all levels

NP o N N e e =2 SR A R G O
. BT Vg BRI =g R D LR IR I SR
) ) ' . ) Number of tertiary
Group Number of primordial  Number of primary ~ Number of secondary ~ Number of tertiary folliclesyNumber of
follicles follicles follicles follicles . ) :
primordial follicles (%)
Xt 6 45 Control group 24.40 + 20.86 270+ 2.36 1.30+0.48 0.40+0.70° 1.64°
501U 4H 50 IU group 23.20+ 10.54 2.80+1.40 210+ 0.87 0.70 + 0.67° 3.02°
701U 4 701U group 2420+ 7.04 3.00+1.25 240+ 151 1.40 +0.70° 5.79°
901U 4H 90 IU group 26.20 +£ 22.58 340+ 237 1.90 + 0.99 0.30+0.76" 1.15°

F S BARTAREBAR A R 8, RRERARE (P = 005, HIRREARNEFR, #RZREE (001 < P<0.05).

If the peer data are not marked or the same letters are marked, the difference is not significant (P = 0.05), if the data are marked with

different lowercase letters, the differenceis significant (0.01 < P <0.05).
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NIRILR BT 2 B =R, R OP HLEE R
B n, AT S OF EEE ORI (Wurtman
1964) . (HEEMEHFALBEE I FEH, PMSG i & X
£ SEON B AT IS AN R, W7
MYFEHE % HEGR & G 2 0k AR B i s A2
2O LT il N (Crispo et al. 2021). RSk
56 v B B2 TH (1 78 1ML YRR S AE 90 U f SRR 4
W%, UL REES OF S LT O R R, R
T HHERCR .
32 AREKE PMSG A 5 IR Ak Sh iS5
B

IR R B ST 7 R R IR, R e
X EAE R KRR G SR B H B W, B
Ak BT A S AE — S HEOR R A RIB R 2 1
B, 32 DR A AR 3 2% T Ao — S AR
TIHIOERAG TAEKINLS, XE A A T hEAT
FE— L Y EBRBAKIER, DR kR R AL B S 1 R RR
Jf s th 52 B — IR (T8 20200, At
FE N, AL I S BT IR 5 2 B A] G,
{ECK AR AR AR A RS FRI R B, WERG & &
BRI AAFEZE R . 24 HCG & &4 100
U, B%& PMSG {5 AR AIIER, &0 R
Ji6 BN LB B, IR B W T 2k ik 23 TS
FHIESE (2011 KL, FHE PMSG Ab B FE )
BN, FRAFIIR G BN k> HLH B (1B
TR BEEERFEEFIUSR, FIETGE R
PMSG ¥ & N 7E 60 ~ 80 IU 2 Ji]. AHF7tH 90
U 43RS G B b, IR e T2 B, %
BFHAOR R R R, oAbl %, mlaet T
PMSG -3t &, /A7 G se, &
AAFR G 5 RO R, PR EAHEGE O,
NI R RS A S ER s e g
HAEII TR EARNIER, J50l e AF| T 1
WG R B MR, 3 A O R PR AR B 1 428
DX R AEA R 5 M H
T PMSG EA {2 E (follicle-stimulating
hormone, FSH) #1{& i & & (luteinizing
hormone, LH) [JXUEAYEBRL, TIAE M
(P S5 PR 2% B0 A mT e el Ot L Rl 2 T 2 4k

S f5 SR G T B CHPBROIASE 2003, 1 [ el 55
2020)., =¥ (20160 A 0~ 101U ) PMSG
AER/INER, RIS BRIV IG S B RE R IR AR IR
Wz, MAGEER WK KSR, HAE 751U B
AT AT RIR B %, 4k PMSG K IR
fEHEA =GR TR, 2B SR
R FINAFH, i PMSG ML
In, PRANEFRRIAMCAG, &I I O R AR IR
FREAR, IR XS 2-4H B ARG N 2 26 5 0 22 S
W2, X 4-AAA G m 2 R B2, 2 Hr
JREE, W RERANEMEE R A & PMSG/HCG 5
SEAPLER L, BEE AR T,
AN 2R B — R A AT S AR O R ARG K
& (Park et a. 2015). R BHER) SZFR N
N P % & PMSGIHCG (13 Y il
3.3 AEIKE PMSG AH G R RINEMHAL
S

BEE SV AR, I G0 B0 fE i
KRB, MAEAINTRKE PRI, 50
IR B 1 0L B B 4 OP 1 1 3R T
R 2009). AHFEEN, PMSG HAH
FROPSRGEE IR R AE KR B ThRL (FEE
HEE 1999), M BRI R /N B RS A B B
MR BB, Mifiszm B 7 . A
FLEE, IR KB /N5 5 e O R4 i ) %
L AN MG SRS )% RS S =
B AR/ AN AR BT O B e, B =
ANLA b 58 B O B 20 B 1Y) O REAH A B B T A
HMECAFI IR ZLRE 17 (Zhang et al. 2016) . A2
SRR, RN EATEYIZ U, IR
YRR AR TR, (EAE = IR B
FAC TR FE R NI O PR AL R SR 46 5
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