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[Abstract] Objective To investigate the protective mechanism of Tanshinone Il A against vitrification—induced injury in
mouse oocytes. Methods Female ICR mice aged 4-8 weeks (SPF grade) were intraperitoneally injected with 5 IU of pregnant mare
serum gonadotropin (PMSG). After 48 hours, morphologically normal immature oocytes at the germinal vesicle (GV) stage were collected
from the ovaries. The GV-stage oocytes were divided into control group and Tanshinone Il A group and cultured overnight for 16—

18 hours to reach the metaphase Il (MII) stage. Morphologically normal M Il oocytes were then subjected to in vitro fertilization, and
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fertilization, cleavage, and blastocyst formation were observed in each group. The protein expression level of aquaporin 3 (AQP3) on
the cell membrane was detected in MII oocytes from the control group and the Tanshinone II A group using immunofluorescence
technique. In another experiment, GV-stage oocytes were divided into four groups for culture until maturation: a control group (non—
vitrified), a Tanshinone I[A group (non-vitrified), a control group (vitrified), and a Tanshinone Il A group (vitrified). Fertilization rate,
cleavage rate, and blastocyst formation rate were observed and analyzed in the four groups. A cryomicroscope was employed to
observe the effect of Tanshinone I[A on intracellular ice formation (IIF) during the cryopreservation of MII oocytes. Results Compared
with the control group, the Tanshinone I A group showed increased rates of oocyte maturation, fertilization, cleavage, and blastocyst
formation (P<0.05), with the highest blastocyst rate observed when treated with 0.5 pg/mL Tanshinone Il A. The protein expression
level of AQP3 was significantly higher in the Tanshinone Il A group than in the control group (P<0.000 1). Compared with the
control group(non-vitrified ), the Tanshinone I[A group (non—vitrified) showed significantly higher fertilization, cleavage, and blastocyst
formation rates (P<005). Similarly, compared with the control group (vitrified ), the Tanshinone II A group (vitrified) also exhibited
significantly increased fertilization, cleavage, and blastocyst formation rates (P<0.05). Additionally, IIF occurred at a lower temperature
with a more concentrated temperature range, resulting in a lower probability of ice formation during cooling Conclusion Tanshinone

Il A improves the survival rate and developmental potential of vitrified oocytes by upregulating the expression of AQP3 on the

oocyte membrane and reducing the temperature of IIF during cryopreservation.
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®2 NRARASE A AP IPFEMAMAE FHE IPRE BREHEWN (vs,n=3)
Table 2 Maturation rate, fertilization rate, cleavage rate, and blastocyst rate in control group and

Tanshinone I A group (xs, n=3)

25 BB 20 A~ TR % ZAERI% GIELR % FRRI%
Xof HRZH 102 88.65+0.85 80.21+0.22 72.52+1.13 68.57+0.87
FIZEATA 4] (0.1 wg/ml) 106 89.55+1.36 87.76+1.16% 85.58+0.55% 71.010.69*
FSEMTA (0.5 pg/ml) 104 90.08+0.89 89.29+0.15%" 87.85+0.32%" 75.31£0.36+
FIBEMA 4(1.0 pg/ml) 102 88.61+0.94 85.84+0.54%% 84.11+0.21%% 70.94+0.30%

3655 R B PES SB S X IRZAAH L, #P<0.05; SFFSEH T A 2H(0.1 wg/mL)AH L, *P<0.05; 5B T A 44(0.5 we/mL)AH L, 2P<0.05,

R ZRGR IIRLR YRR AR, SXTR
AR, PESER A HERECR2E R TG TH2EE L
(P>0.05) , A% IR MBI R 2 RH G4 E
X (P<0.05), W22, 501 pgmLFl1 pgmL FFZ0
ITA ZHAHLEE,0.5 pg/mL FPESET LA 21092 K5 % 00
SLRFNE AT I T+ 55 (P<0.05), H 0.5 pg/mL
Z0 11 A 20 PR 20 BT 285 (13 5 X0 REZH ) —FF f
NEFIEA, WK 1, BCRFTIAEE S 0.5 pwg/mL
FIFHSE A $EF T SE5E55
32 ASERIAX/NRIPFHEIE AQP3 FRikH
=AU

TESS0 LA b AQP3 IR R IA K T
FIRZ (P<0.001), FEULIE2,
33 ASERIAXNIEENLS RN EHmZEE O
R TR AR K RN

5% IR R AL, PFSET A 4 (CR%
7R) DR EEAN M A SZ A R B ROR R ITE iR Y4

DNA AQP3

X HRZH
B 1 ST (PR =50 um)
Fig.1 Morphology of oocytes from control group and

FIEE T AL (0.5 ug/ml )

Tanshinone I[[ A group

(P<0.05), 55XF R4 (B VR ) AR LE , FHS0 1T A
H (BEIEARVR) W32 KGR LR RIE iR 7t
1 (P<0.05), LR 3,
3.4 RMASER DA X F BN

M 1T PB4 I 7E Linkam 28 45 5 R IR Fn 42
TR R FERERE 1R 2 v 0T B S, AR

Merge

o B
0.25+
skskkk
0.204 —
ﬂilgj I s B FFS1R A%

2 AQP3 FEUREZHRA A FRILFNTE L
Fig.2 Expression and localization of AQP3 in oocytes from control group and Tanshinone I A group
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#HEEEP<0.000 1,
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£3 S A MFBLLFINFAMRZEER IPRE TR EHRM (v ,n=3)

Table 3 Effects of Tanshinone I[ A on fertilization rate, cleavage rate, and blastocyst formation rate

of vitrified oocytes (x+s, n=3)

415 HIER 20 A~ ZHEHI% GBI 1% FRI%
X R (RBR) 102 80.21+0.22 72.52+1.13 68.5720.87
FFEER A HCRE ) 104 89.29+0.15% 87.85+0.32% 75.3120.36*
Xof B (B BS AR TR ) 102 41.030.64 39.46+1.27 23.45+0.24
FHE 1A 2 (BEARTR) 103 58.32+0.57 52.3720.69" 37.8620.17

T SRR R ER) M L, #P<0.05 ;5% IR ZH (B 34k AR A L, *P<0.05

20 it A7 2 DKt i R 5 | RS R B AN L 11 o 4 A
W TERER 3~5 o X B 41 7E-8.52 CHf 4 ffushvk
AT I, B 2 TR B ) R TR I , 76 -36.72 “CIRF AT IR
BF 240 i 58 SRR S B B TG R 2 KA BB 4
L, TR PR AN N BT K . PRSI A 417E
~9.28 CHFZHMI A K AT B, B T ) AR RAALR:
¥£-39.96 CHOPEEAH AR 2 | A0 vk AT i, 1
L 3,

DB A4 e 7E Al o A v, SRR SR TIF R4 g
Ah UK BB TE B (extracellular ice formation, EIF) f ik
JE , AR N RIS SR AR PR R TIF TR, AR S g
PILH I ICE TRk T A X BRZH TIF AR M (<33.61+
721) C,PEEE LA 41 10F A9IEE 1 (-39.39+4.60) C,

AR -
50 um
25 °C
PR 1 AZH ) —
e
50 ym
25°C

FF&0 1T A ZHU0-EE4RM TIF AT B2 I S A0G T X PR 40
(P<0.001), £ 4,

X} HELH ORI AP TSI -37.68 ~
-2326 °C, PFEEILA 40P TIF (3R B A
H-44.12~-34.93 C,FHSH0 1T A 41 VK S B 43
MR, LA 4,

4 +ig

TR 240 TR AR HE 30N | 2 R ARG
TRAPFR KB 218 IR AQPs B R {R > X
SCARIELAE M) R PR A U R AR v VR ORAT 5 5 il
A A B 52 B A DK 5 5 BN 5 | kL 2 e
A EORLAR LK AR ML B SR A543 , I T REE— 20 X

50 um 50 pm
-8.52 °C -36.72 °C
A
p—
“.
50 pm
-9.28 °C -39.96 °C

B3 DPERZEReLE R A ok B AL
Fig.3 1IF in oocytes

x4 DREARRAY IIF 155 (x+s,n=3)
Table 4 TIF in oocytes (x+s, n=3)

21 5] UREREAAEE S RES B FRVK B RIBVKREU  RIBVKERIEE/C RREESC iR
X IR ZH 54 0 0 54 -33.61+7.21 -37.68 -23.26
FISE LA 4 54 0 0 54 —39.39+4.60% —44.12 -34.93

1 SXIRALAH HE, 4+ P<0.001
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