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Procyanidins B2-mediated LKB1/AMPK axis in regulating glycolytic metabolic
pathways in treatment of obese polycystic ovary syndrome
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Abstract: Objective To investigate the specific mechanism of procyanidins B2 (PCB2) in treating obesity-related polycystic ovary
syndrome (PCOS). Methods An obesity-induced PCOS rat model was established and treated with different doses of PCB2.
Hematoxylin-eosin (HE) staining was used to observe the morphology of the ovarian tissue, enzyme linked immunosorbent assay
(ELISA) was used to detect hormone level, actic acid and pyruvic acid levels and adenosine triphosphate (ATP) content,
immunohistochemistry (IHC) was used to detect proliferating cell nuclear antigen (PCNA), cystein-asparate protease-3 (Caspase-3),
liver kinase B1 (LKB1) and adenosine 5'-monophosphate-activated protein kinase (AMPK) protein expression and Western blotting
(WB) was used to detect apoptotic markers, key rate-limiting enzymes of glucose metabolism, and LKB1/AMPK pathway-related

proteins. Results Compared with the control group, the model group showed increased follicular atresia, increased cystic follicles,
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thinner granular cell layers, and fewer corpora lutea, decreased follicle-stimulating hormone (FSH) and estradiol (E2) (P < 0.01),

increased luteinising hormone (LH), testosterone (T), and increased LH/FSH (P < 0.01), decreased lactic acid (LD) and adenosine
triphosphate (ATP) (P<0.001), increased pyruvic acid (P < 0.001), downregulated PCNA, AMPK, and LKB1 expression (P < 0.01),
and upregulated Caspase-3 expression (P < 0.01), decreased B-cell lymphoma-2 (Bcl-2) protein expression (P < 0.01) and increased

Bcl-2-associated X protein (Bax) expression (P < 0.01), significantly decreased lactate dehydrogenase (LDHA) and pyruvate kinase
isozyme type M2 (PKM2), and LKB1, AMPKa, and phosphorylated-AMPKa (p-AMPKa) protein expression (P < 0.01). Compared
with the model group, all doses of PCB2 reversed these changes and alleviated the severity of PCOS (P < 0.05, 0.01, 0.001).
Conclusion PCB2 may treat obesity-related PCOS by regulating the glycolytic metabolic pathway through the LKB1/AMPK axis.
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Fig.1 Vaginal smears of rats before and after modeling (x 400; n = 6)
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Fig. 2 Body weight (A), ovaries and uterus weight (B) and ovaries and uterus index (C) of rats in each group (Xt S, n=6)
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KLAMEDS FSH. LH. E2. T UK LH/FSHRIEE (Xts,n=5)
Table 1 Contents of FSH, LH, E2, T and LH/FSH in serum of each group (X £ S, n=5)

2H ) 5l E/(mg kg ™) FSH/(IU L7%) LH/(mIU mL™)  E2/(pmol L.71) T/(pg mL™) LH/FSH
Xt — 1.920+£0.220 4.06540.531 8.727+1.274 20.790+1.650 2.129£0.263
it — 0.933+0.265™  7.528+1.095™ 5.045+1.257" 37.342+4.249”  8.303+1.093"
PCB2 40 1.670+0.219% 4.968+0.659%  7.0084+0.953*  25.173+3.400% 2.99540.379%
20 1.526+0.286% 5.885+0.805%  7.35640.993*  29.840+2.685%  3.98040.922%
10 1.335+0.261% 6.415+0.617% 6.676+1.343% 31.139+4.583% 4.940+0.996%
ZH XU 230 1.620+0.096% 5.182+0.930%  8.196+1.091%% 26538+5.972%  3.215+0.646%
EXIIRALLE: "P<0.05 "P<0.01; SHBALLE: “P<0.05 *P<0.01, TEF.
“P<0.05 "P<0.01 vs control group; P <0.05 *P<0.01 vs model group, same as below tables.
F2 &BAOPELALH FSH. LH. E2. T L% LH/FSH I&E (X£5s,n=5)
Table 2 Contents of FSH, LH, E2, T and LH/FSH in ovaries of each group (X% s, n=15)
2H ) il E/(mg kg™ FSH/(IUL™)  LH/(mIUmL™)  E2/(pmol L 1) T/(pg mL™) LH/FSH
papiict 2.6331£0.240 5.49940.912 13.778 £1.519 24.331+3.542 2.128+0.547
it — 1.357+0.354" 9.665+1.234™ 5.419+0.838™ 49.136+6.629" 7.415+1.491"
PCB2 40 2.272+0.270% 6.868+0.718%  12.353+0.957% 31.656+3.961% 3.075+0.607%
20 1.948+0.227%# 7.478+0.873% 9.625+0.845% 37.426+2.328% 3.861+0.459%
10 1.773+0.272%  8.250+1.132# 7.114+0.700F  42.053+4.001%  4.739+0.936
ZH XU 230 2.195+0.121% 6.904+0.850%  12.049+0.958" 33.872+3.285% 3.142+0.311
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Caspase-3 PHIERIA T W E WM. WE 4-B fis,
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PCB2 40 mg-kg™! PCB2 20 mg-kg™! PCB2 10 mg-kg™!

5.

AR ISR D A O H R I SRR, RGO MR IN;  EET ACR IR AR SER s R HT AR
RBCER

Yellow arrows represents a decrease in the number of follicles; light green arrows represents an increase in the number of follicles; dark green arrows
represents an increase in neutrophils; blue arrows represents an increase in luteal degeneration and necrosis; black arrow represents an increase in the

number of corpora lutea.

E3 FEAKRINEBAFSETNL (XLs5,n=5)

Fig.3 Changes in the morphology of rat ovarian tissue in different groups (X * S, n =5)
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A-expression of PCNA and Caspase-3 in ovarian tissues of rats in each group; B-protein bands and protein expression levels of Bax and Bcl-2 in ovarian
tissues of rats in each group.

El4 REFE B2 I ARIVEBLAMMMILTEUSATHIRNE (X400; X+5,n=5)

Fig. 4 Effect of procyanidins B2 on proliferation and apoptosis of ovarian tissue cells in rats (x 400; Xts,n=5)
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Fig. 5 Effect of proanthocyanidin B2 on pyruvic acid, lactic acid and ATP in ovarian tissue of obese rats (X £ S, n=5)
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Fig. 6 Effect of proanthocyanidin B2 on key rate-limiting enzymes of glycolysis (X £ S, n =5)
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