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Metformin improves polycystic ovary syndrome and activates female germline

stem cells in mice
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Abstract: Polycystic ovary syndrome (PCOS) is a common disease caused by complex endocrine and metabolic abnormalities in
women of childbearing age. Metformin is the most widely used oral hypoglycemic drug in clinic. In recent years, metformin has been
used in the treatment of PCOS, but its mechanism is not clear. In this study, we aimed to investigate the effect of metformin on PCOS
and its mechanism through PCOS mouse model. Female C57BL/6J mice aged 4-5 weeks were intragastrically given letrozole (1 mg/
kg daily) combined with a high-fat diet (HFD) for 21 days to establish the PCOS model. After modeling, metformin (200 mg/kg daily)
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was intragastrically administered. One month later, the body weight and oral glucose tolerance test (OGTT) were measured. Hematox-
ylin eosin (H&E) staining was used to detect the pathological changes of ovary. The serum levels of anti-Mullerian hormone (AMH),
follicle-stimulating hormone (FSH), luteinizing hormone (LH), E, and testosterone (T) were measured by ELISA. The expression of
DDX4/MVH was detected by immunohistochemistry. DDX4/MVH and PCNA were co-labeled by immunofluorescence. The protein
levels of DDX4/MVH, PCNA, cyclin D2, AMPK and mTOR were detected by Western blot. The results showed that after metformin
treatment, the body weights of PCOS mice were gradually returned to normal, glucose tolerance was significantly improved, serum E,
levels were increased, while AMH, LH, T levels and LH/FSH ratio were decreased. Ovarian polycystic lesions were reduced with
reduced atresia follicles. Furthermore, the number of proliferative female germline stem cells (FGSCs) and levels of proliferation
related proteins (PCNA, cyclin D2) were significantly increased, and the p-mTOR and p-AMPK levels were markedly up-regulated.
These results suggest that metformin treatment not only improves hyperandrogenemia, glucose intolerance and polycystic ovarian
lesions in PCOS, but also activates the function of FGSCs. The underlying mechanism may be related to the phosphorylation of
AMPK and mTOR. These findings provide new evidence to use metformin in the treatment of PCOS and follicular development disorder.
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Fig. 1. Effect of metformin on body weight and oral glucose tolerance test (OGTT). 4: Body mass index. B: OGTT before treatment (the
model group and metformin group were the same group before treatment). C: OGTT after treatment. D: Area under the curve (AUC)
of OGTT before treatment. E: AUC of OGTT after treatment. "P < 0.05 vs control group; “P < 0.05 vs PCOS group. Mean = SEM, n = 6.

By omip S Ak, WO IR A e B B AR RS . MBI R B, SRR AT LA K
PCOS LAY /N R P R IA Z A O Bokr AR BRI, Bl s o0y, w] 0L O0 BE4H
JERE, ZRONEMAB ;. R RINE T AN RO RO, BRI R RO R R, AR



374
A B
250
0.4
200
3
2 3 150
P £
s g
2 100
9 i
2
D
[ 50
0 -
D E
10 34
8
) T 24
E 6+ 2
2 3
% 4
w 1_
5]
0- 0
)
Q‘o\) &°°Q «°°Q
> o0 &
N O @\
& < N
K

B 2. = HIXUIOR PCOSHE R /N B ML 2= 7K1 FR 5

IR Acta Physiologica Sinica, June 25, 2022, 74(3): 370-380

C

200 —

150 +

100 —

LH (pg/mL)

Fig. 2. Effect of metformin on hormones. A: Testosterone levels. B: Estradiol (E,) level. C: Luteinizing hormone (LH) levels. D:
Follicle-stimulating hormone (FSH) level. £: LH/FSH. F: Anti-Mullerian hormone (AMH) level. P < 0.05 vs control group; “P < 0.05

vs PCOS group. Mean + SEM, n = 6.
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Fig. 3. Effects of metformin on estrous cycle of mice. 4: H&E staining of estrous cycle. Scale bar, 100 um. B: Estrous cycle changes

in three representative mice from each group during seven days before the mice were killed. The ordinates are as follows: 1, proestrus;

2, estrus; 3, metestrus; and 4, diestrus. Abscissa is seven days before the mice were killed.
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Fig. 4. Effects of metformin on ovarian morphology. 4: H&E staining of ovarian tissue. Scale bar, 100 pm. B: Follicle counts at all

levels, i.e. primordial follicle, primary follicle, secondary follicle, mature follicle and atretic follicle from left to right. P < 0.05 vs

control group; “P < 0.05 vs PCOS group. Mean = SEM, n = 6.
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Fig. 5. Effects of metformin on female germline stem cells (FGSCs) were detected by immunohistochemistry and immunofluores-
cence. A: Immunohistochemistry staining of DDX4/MVH. The black arrows show the DDX4/MVH-positive cells. B: Immunofluores-
cence staining of DDX4/MVH and PCNA. The white arrows show the DDX4/MVH- and PCNA- positive cells, Scale bar, 100 um. C:
Statistics of the number of FGSCs in B. Mean + SEM, n = 3. "P < 0.05 vs control group; “P < 0.05 vs PCOS group.
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Fig. 7. Metformin may improve PCOS by promoting the phosphorylation of AMPK and mTOR. 4: Western blot of mTOR, p-mTOR,
AMPK, and p-AMPK. B: Protein relative density of p-AMPK and p-mTOR. Mean + SEM, n = 3. "P < 0.05 vs control group; “P < 0.05

vs PCOS group
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