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Study on Self-Metabolism Alleviating Side-Effects of Methotrexate on the
Mouse in-Vivo Matured Oocytes

LIU Meijun', TIAN Ning'*, YU Ji', MA Wanyun**
(‘Physical Science and Technical College, Shenyang Normal University, Shenyang 110034, China,
*Department of Physics, Tsinghua University, Beijing 100084, China)

Abstract MTX (methotrexate), an anti-folate drug, has been widely used in clinic. One of the side-effects
of MTX is to reduce the quality of oocytes. So, how long it may take for the female patients with pregnancy needs
to get pregnant after stopping taking MTX? In this paper, two-photon fluorescence imaging and three-dimensional
reconstruction were combined to force on this issue. The model of mice in the control and MTX groups were estab-
lished by intraperitoneally injecting physiological saline and 5 mg/kg MTX, and then the mice in the self-metabo-
lism groups were established via metabolism lasting for five, 10, 15, 20, 25 and 30 days after MTX injection. It was
found that the rate of normal spindle morphology and the rate of normal chromosome arrangement in the mouse in-
vivo matured oocytes were significantly higher than those in the MTX group and returned to the levels of the con-
trol group after 15 and 25 days of metabolism, respectively. The in-vitro fertilization rate, two-cell embryo rate and
blastocyst rate, which were used to characterized the function of oocytes, returned to the levels in the control group

after 15, 20 and 25 days of metabolism, respectively. It indicated that self-metabolism could recover the MTX-
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induced quality impairment and functional decline of oocytes, and the recovery time was about five physiological

cycles of mice, namely 25 days.
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Table 1 Comparison of oocyte morphology between the experimental groups

ESil X HEZH MTX4 MRS RA  ARBI0RA  Rgf15R4 AH0RA  RP2sKRA  RIFB0KR
Types (n=62) (n=59) (n=64) (n=66) (n=54) (n=64) (n=67) 2H(n=59)
Control MTX group  Metabolic Metabolic Metabolic Metabolic Metabolic Metabolic
group (n=59) S-day group  10-day 15-day 20-day 25-day 30-day
(n=62) (n=64) group group group group group
(n=66) (n=54) (n=64) (n=67) (n=59)
Oocyte diameter /um  82.80+2.60 84.30+3.10 83.60+2.20 84.10+2.80 82.50+2.10 83.80+2.40 84.20+2.90 84.00+2.50
Thickness of the 8.10+0.26 7.90+0.31 8.40+0.19 8.20+0.24 7.80+0.33 8.30+0.27 8.00+0.22 8.00+0.24
zona pellucida /um
Gray value of oocyte ~ 135+22 13720 142+26 129+24 134+19 146+23 138+30 131£23
cytoplasm

R A AR N A H 2 K
The number of mice for each group in each repetition is two.
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Table 2 Comparison of chromosome arrangement between the experimental groups

el X 2 MTX4 AR5 KA REF10KR Rif15K 20K Q25 R4 ARHIB0R

Types (n=156) (n=137) (n=126) H(n=166) H(n=134) H(n=114) (n=167) H(n=134)
Control group MTX group Metabolic Metabolic 10- Metabolic 15- Metabolic 20- Metabolic 25- Metabolic 30-
(n=156) (n=137) 5-day group day group day group day group day group day group

(n=126) (n=166) (n=134) (n=114) (n=167) (n=134)

The rate (87.6%1.6)%  (65.4+2.4)%* (69+2.8)%* (81.9+1.9)%"  (83.6£2.2)%"  (82.5+1.7)%"  (86.2£1.5)%"  (88.1+1.3)%"

of normal

chromosomal

arrangement

The rate of (9.3£2.1)% (19.2£1.9)%*  (14.4£3.1)%  (14.5£2.6)%  (9.7+1.8)%" (14.0£2.6)%  (9.0£1.6)%" (8.2+1.8)%"
irregular
chromosomal

arrangement
Others GIE1 D%  (154£23)%*  (16.6£2.2)%* (3.6:1.8)%"  (6.7£2.00%"  (3.5:2.3)%'  (4.8+1.6)%'  (3.7:1.7)%"
BRI SR H T A RN R E a~5 1 <R 50T BRAUM LU AR e B35 22 5 “IRER EMT XA LU A7 e B3 22 575 nfRER U RN i H

The number of mice for each group in each repetition is 4-5. *There are significant differences compared with the control group. “There are significant

differences compared with the MTX group.  stands for the number of oocytes.

®3 BLWAFHEFTISILE

Table 3 Comparison of spindle morphology between the experimental groups

e pagiseiih MTX4 SR A REFIORH  ARWISKRA  MRiE20RH  RE25KH  REBORA
Types (n=156) (n=137) (n=126) (n=166) (n=134) (n=114) (n=167) (n=134)
Control group MTX group  Metabolic Metabolic 10- Metabolic 15- Metabolic 20- Metabolic 25- Metabolic 30-
(n=156) (n=137) S-day group  day group day group day group day group day group
(n=126) (n=166) (n=134) (n=114) (n=167) (n=134)

The rate of the (87.1£2.6)%  (54.7+2.8)%* (60.3+3.0)%* (75.3%1.6)%*" (80.6+2.7)%" (84.242.2)%" (87.4t1.9)%" (89.242.5)%"
bicone-shaped
spindle

The rate of the (12.942.6)%  (40.3+2.1)%* (35.7+2.6)%* (23.5+1.9)%*" (18.6+2.4)%" (15.842.2)%" (12.6£1.9%" (10.8+2.5)%"
barrel-shaped

spindle

Others 0% (5.0£1.9)%*  (3.9£1.1)%*  (1.2+1.1)%"  (0.7£0.3)%" 0% 0% 0%
IR S AR/ B 4~5 0 o3 S0 AL AP AR B 38 22 0y MU S MITXEELAT FUARAE 583 22 S nf QRO BT H

The number of mice for each group in each repetition is 4-5. *There are significant differences compared with the control group. “There are significant

differences compared with the MTX group.  stands for the number of oocytes.

75.3%/23.5%/1.2% 80.6%/18.6%/0.7%- 84.2%/15.8%/0%- YR A 52K 22 00 0l 2 964.6% T1.8% 74.7%-
87.4%/12.6%/0%~ 89.2%/10.8%/0% (% 3). A UL, 76.8% 79.2%- 81.2%, —AIEIGE 5 LN
MTXES15SH G, JiEARIEE R E 20 A S L, 57.3%. 62.8%-+ 65.9%. 69.6%+ 71.4%. 74.1%,
RIRRIR EE R, fR LR & 5 IR 2 (0] 0 8 3% % PR R LN 7% 37.2% 39.6% 40.6%-

il 46.8% 45.9%. T, AR 15K G, KA ZHRE R 5%}
2.4 {RINZIERE IBEMTXAX S{ETE) AU ZE 1L A LT EZEZR; 0K )E, “dglipxy

A SCR AR A 52 K 2R T IR G AR Ah K B 15 X IR ZH 2 18] 032 25 25 0, AR 25 K G, BEIR 2 5500 1R
K S 1 R BE 2 A PR I e A (R 4) . X HE A A A Ak 2 BT w2 .
KGR 21 N80.6%, — 41 i IR iG 2 ~72.0%, et

RY)NA6.2% . MTXA IR HE R 2 M58.1%, — 3 iTip
a1 IR 2R 20 °847.7%, FER R 2)5822.1%. AR5 MTXAE AT BRAEIZE 25, 27 T Re iEit

KA. 10K M. 15K 4. 20Kk 4. 25K 41 30K T PIDNA KRNAF & b5 2 UAE A, H00) 240 i 18 4,
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Table 4 Comparison of in-vitro fertilization rate, two-cell embryo rate and blastocyst rate between the experimental groups

el X EH MTX4 RS R4

Types (n=93) (n=86) (n=82) (n=78)
Control MTX group  Metabolic
group (n=86) 5-day group
(n=93) (n=82) (n=78)

AR 10K 2

Metabolic 10- Metabolic 15- Metabolic 20- Metabolic
day group

RIS RA  ARB20RA  R25KRHA  ARHB0RHA
(n=91) (n=69) (n=177) (n=85)
Metabolic 30-
day group day group 25-day group day group
(n=91) (n=69) (n=177) (n=85)

In-vitro fertiliza-
tion rate

Two-cell embryo
rate

Blastocyst rate

(80.653.1)%  (58.143.9)%* (64.653.2)%* (71.8£3.6)%"* (74.7+2.9)%"

(76.8£2.1)%"  (79.242.9)%" (81.242.9)%"

(72.062.9)% (47.7442)%* (57.3£2.9)%*" (62.8+3.2)%*" (65.942.6)%*" (69.6£2.8)%"  (71.4+3.0)%" (74.142.8)%"

(46.242.7)% (22.1£3.4)%* (31.743.0)%*" (37.243.3)%* (39.6£2.8)%* (40.6£2.7)%*" (46.8+3.1)%" (45.9+2.7)%"

FERSI H S RRAL/ N BB D3 A #ARFR S X IR AL P77 A 8 35 22 5 MGR S MTX UL LA 78 8. 35 22 5 AR IR REAT IS H

The number of mice for each group in each repetition is three. *There are significant differences compared with the control group. “There are significant

differences compared with the MTX group. n stands for the number of oocytes.
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