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BRI (WB) A 4520 K BRI SLZ0 200 T A Nef2/HO — 1 {5530 B A 3¢
HEOMRREAKT-. ER TR S E TR A X B e T 15 50
it + ML385 2 .25 [ 21 A B 20 ¥ FBG 43 31 7 (6.87 £0.42) . (5.21 £0.28) |
(5.03+0.31) (8.32+0.51) . (4.90 £0.35) F1(8.56 £0.54) mmol - L™"; FINS
AR (16.13 +1.62) . (10.46 £ 1.37) ,(10.21 +1.51) . (20.67 £ 1.82) .
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Abstract: Objective  To explore the effects of geniposide on insulin resistance and oxidative stress damage in
polycystic ovary syndrome (PCOS) rats by regulating the nuclear factor E2 — related factor 2 ( Nif2)/heme oxygenase — 1
(HO - 1) signaling pathway. Methods A PCOS model was induced by gavage of letrozole for 21d and rats were
randomly assigned into blank group (not modeled + normal saline) , model group (modeled + normal saline), low —
dose geniposide group (modeled +400 mg - kg ™' geniposide by gavage) , high — dose geniposide group ( modeled + 800

" ethinylestradiol and cyproterone

mg - kg~ geniposide by gavage) , positive control group (modeled +0.34 mg - kg~
by gavage) and high — dose geniposide + ML385 group ( modeled +800 mg - kg ™' geniposide by gavage +30 mg + kg ™'
ML385 by by intraperitoneal injection) , with 10 rats in each group. The levels of fasting blood glucose ( FBG) and
fasting insulin ( FINS) were measured by blood glucose meter and enzyme — linked immunosorbent assay ( ELISA) and
then homeostatic model assessment of insulin resistance ( HOMA — IR) was calculated. The levels of serum sex
hormones and inflammatory were detected by ELISA and ovarian tissue oxidative stress index levels were detected by
test kit, hematoxylin — eosin ( HE) staining was used to measure the number of cystic follicles in rat ovarian tissue.
TdT - media duTP nict end labeling (TUNEL) method was used to measure apoptosis of rat ovarian granulosa cells.
Moreover, Western blot ( WB) was used to detect apoptosis and Nrf2/HO — 1 signaling pathway related protein
expression in ovarian tissues. Results The FBG levels in the low — dose geniposide group, high — dose geniposide
group, positive control group, high — dose geniposide + MLL385 group and control group, as well as the model group
were (6.87 +0.42), (5.21 £0.28), (5.03 £0.31), (8.32+0.51), (4.90 £0.35) and (8.56 +0.54)
mmol - L', respectively; FINS were (16.13 = 1.62), (10.46+1.37), (10.21 = 1.51), (20.67 +1.82),
(9.82+1.14) and (21.45 +£2.05) mlU -+ L™, respectively; HOMA — IR were 4.93 + 0.48,2.42 +0.53,
2.28+0.36.7.64 £0.72 2. 14 £0.31 and 8. 16 £0. 67, respectively; follicle — stimulating hormone (FSH) levels
were (5.14 +0.56), (7.49 £0.62), (7.62 £0.71), (2.95 +£0.54), (7.83 £0.76) and (2.71 +0.43)
IU - L', respectively; the superoxide dismutase ( SOD) levels were (42.91+3.22), (56.45+4.16),
(58.02+£3.98), (32.16 £2.85), (59.73 +4.35) and (30.84 +2.74) U - mg prot ', respectively. The relative
protein expression levels of Nrf2 were 0.67 +0.08, 1.10 £0.12, 1.12 £0.13, 0.26 +0.07, 1.13 0. 14 and
0.24 £0.06, respectively; HO =1 were 0.61 £0.07, 1.06 £0.08, 1.08 £0.10, 0.18 +0.05, 1.09 £0. 11 and
0.16 + 0.04, respectively. The malondialdehyde ( MDA ) levels were (2.47 + 0.33), (1.39 + 0.21),
(1.30+£0.19), (3.38+£0.42), (1.21 £0.26) and (3.62 +0.47) nmol - mg prot ', respectively. The number of
ovarian antral follicles was 9. 60 +0.74, 4.30 +0.57, 4.10 £0.71, 14.20 +0.98, 3.90 +0. 65 and 15. 10 1. 13,
respectively. The ovarian granulosa cell apoptosis index was (16.27 = 1.16 )%, (7.48 = 0.91 )%,
(7.19+0.76)% , (23.86 £1.23)% , (6.94 +£0.85)% and (25.31 £1.42)% , respectively. Compared blank
group with the control group; compared model group with low — dose geniposide group, high — dose geniposide group
and positive control group; compared low — dose geniposide group with high — dose geniposide group and compred
high — dose geniposide group with high — dose geniposide + ML385 group, the differences of above indexes were all
statistically significant (all P <0.05). Conclusion Geniposide can alleviate insulin resistance and oxidative stress
damage in PCOS rats, possibly by activating the Nrf2/HO -1 signaling pathway.

Key words: geniposide; nuclear factor E2 — related factor 2/ heme oxygenase —1; polycystic ovary syndrome ; insulin

resistance ; oxidative stress

% P ) $i 25 A 1iE ( polycystic ovary syndrome, A EH LA 2B JIE I AL, 25 oA v
PCOS) A PERE IR Pl ik 2 A M —Bh P9 o0 s, HE RS T /™ E A S Y. PCOS g B A B2 4T
IS H | GRS b 0 98 2R KT T v S T T AR AR, Ze AR RIE R F PR A AL N B AE PCOS



Chin J Clin Pharmacol

3077

Vol. 41 No. 21 November 2025 ( Serial No. 443)

R R B OCHEE T, s A R AT IR Bt
AR BT A R AR PCOS I RS~ . B F4r
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HERF12 h/12 h W1/ IR R . ASBIF5E S5 50 U7 22 4R 45 X
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HE) 4t {8,357 & . N — [¥% ( malondialdehyde , MDA ) & &
R & R B 4/ R — 6 (interleukin ~6,11 - 6) |
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glucose ,FBG ) ; iRk I J 64T 2 i ORI, B85 00 >R 4 1ML
I, T2 1 ELISA U & B 5 S JH B4R (X 52 FSH
LH.T.IL -6 TNF - « 5 FINS /K, #%A3 (1) 352
i 5 K K PL 48 % ( homeostatic model assessment of
insulin resistance, HOMA - IR) ; )i & CO, 4b 3L )5 ¥
RGP SRR, 2 A2 (2) T 0P 55 A 50 vk H BT IO B
HLRZ) 150 mg, A RIPA BIFRES) I, B0 B,
AE R R, 4 MDA 25 6 I 35 6 150 B 45 30
FE IR ELH AU MDA Z i, 4% SOD (GPx 5 CAT i PEA:
] £ T 50052 B0 L4 41 SOD GPx 55 CAT 3 44
IR 5 TRl B0 BE2H 2R 28K Uk T E B K LR B S

AT R & o
HOMA - IR = FBG (mmol - L") x FINS
(mIU - L") /22.5 ~ali(1)

THELREL(10™" x g/g) = BT (10 x g) /fA
i (g) ~A(2)
2.3 HE 71 TUNEL #&ZE S5 AR IPEALR
FORINEEES LB AT

IBCH BN 52 AL A0 W U0 e, B K, 47 HE B
TUNEL Jet, #5445 B 10 & w1 18 S AT e 1, K
Ve E R, DG BB IR e i O, %€ 1 HE
D R R O 58 L 2RI B, 5 7 TUNEL Zt
)5 UPSEURL AN I o T %5 A S AR, $4 5K(3) 3t
GO S RURL M A T

Y ELRURL AN JH T4 K = N SLBORL 40 i 0 T %
G GLRURL AN i B4 % 100% ~A(3)
2.4 EARNTERNEAXRIPEALF T
Nrf2/HO -1 5 5@ g XEAKRIE"™

I O SR SR R d I, TR K N T B
ARPE BGEF (RRAL 25 ne) EREEAT ALK GRAL, 2EAT
B P I LA T DU SO, LA L 3%

LT A E AR, B Bel -2(1:1 000) (Nef2
(1:1000) \HO-1(1:1000) ,Bax(1:2000) ,B - actin
(1:2000) .\ —Ht(1:2000) , —~HF 4 CHEFLR
PUF 37 CWER 2 h, EHHEAT ECL B 05, & &
HHE KRG T A (4) A HE AR RIE

EEAMXRIES = FFE A (Bel -2 \Nif2 [ HO - 1,
Bax ) KA/ WS EH (B —actin) K  230(4)
3 FitFAE

J SPSS 26. 0 B A AT ST A M, BT A e 2
Pxxs Fon, AR R Ty 20 it iy Z 4 Hode, 4
(] P 2k — 25 LA SVK - ¢ KB

# X

1 FAXRRBERRBMAKNER

5%} B e, AU 2H K B FBG | FINS 7K F- F11
HOMA - IR # 1 # Jh 5 (¥ P <0.05) ; 5 A 4]
AHEE AT o 71 S 6 2 0 FH M 0T BECZH K B Y
FBG . FINS 7K 3 fil HOMA - IR ¥ i 2 &% (1Y
P <0.05) , HE 1 = A i LB A1 iR FE bR 44 i AR
TR LA (¥ P <0.05) , e+ 5 771 o S g 40
SR A L, TEge i 22 R I g A E X
($)P>0.05) ; SHE+ 1 = f LI A0 L, b+
7 i+ ML385 41 K B A9 FBG, FINS K °F F
HOMA - IR# i B 55 (¥ P <0.05) , L3 1,
2 FBAKRBMBFEHERSREREFKERNER

55 RRZHAH b, BBEARYZH K BRI FSH 7P I 2 R AR
(P<0.05),LH T IL -6 5 TNF — o /K44 50 5T 55
(¥ P<0.05), HHEALAALL, Yo+ 1% &0 &L
6 2H FNPH XS B2 K B FSH K 8 2571 B8 11
e ) S 2 I v T IR R S 4 (B P <0.05)
LH T IL -6 5 TNF - o KPR EFHL(F P <0.05),

R ARSI (FBG) (25 J5H & 2 (FINS) /KPR 2 RARHLE AL (HOMA — IR) BYLLAR (% +5)

Table 1 Comparision of the levels of fasting blood glucose (FBG) , fasting insulin ( FINS) and homeostatic model assessment of insulin

resistance(HOMA —TR) of rats in each group (x £s)

Group n Dose FBG(mmol - .7") FINS(mIU - L.°") HOMA - IR
Blank 10 - 4.90 +0. 35 9.82+1. 14 2.14 +0.31
Model 10 - 8.56 +0.54 * 21.45 +2.05* 8.16 +0.67 *
Low — dose geniposide 10 400 mg - kg ! 6. 87 0. 42* 16.13 +1. 62 4.93 +0. 48"
High — dose geniposide 10 800 mg + kg ! 5.21 £0.28%~ 10. 46 +1.37%~ 2.42 £0.53%
Positive control 10 0.34 mg - kg™ 5.03 £0.31*2 10.21 £1.51%2 2.28 £0.36%2
High - dose geniposide + ML385 1o 800 mg - ke ! geniposide + 8.32+0.514 20.67 +1.824 7.64 0,724

30 mg - kg~ ML385

Compared with control group, * P <0.05; Compared with model group, *P <0. 05; Compared with low — dose geniposide group, %P <0.05; Compared with

high — dose geniposide group, 4 P <0. 05.
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(P >0.05) ; 5HEF 1 0 i SC B0 4L AH Eb , BB 117 = 771
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LH.T.IL -6 5 TNF - « /KFE¥ B ZF 5 (1
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3 BAKXKRINEHAFHNBKFRNER

5 B2 A B, A 4 KB A9 SOD | GPx I
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FHE(P<0.05), H5EAILIA L, fE 71K M
7RI g S 6 2 A PH A X BEZH KL SOD (GPx il CAT
KOV 359 5 2 T AT T N SRR A R AR
P AR 5L 5 41 (3 P <0.05) ; MDA /K
TR AL (P <0.05) 45 717 i 71 it SE B0 4 g 3%
IR TR & 230 2H (P < 0. 05) 5 HE 1 /ey 7 1 S 5
415 B PR R4 A, TEGE 28 B2 R TS T2
HX(¥P >0.05) ; 548 F 11 = 71 it 52 50 41 AH Lt

BE 1 77 & + ML385 41 K Bl SOD .GPx Fil CAT
K- 58 3 B AR (35 P <0.05) , MDA /K F & 3% 7t
B (P<0.05), %3,
4 ZHXBRMERBURIPERRPEHERN
S

HEF A R s S IR 4 | BH XS R AL HE T 1
FIHE + ML385 £H % A 2 FAR R 24 1) B9 5 22 8053 30 hy
(7.30 £0.21).(6.28 +0.19) . (6.14 = 0.14) .
(8.150.22) (6.01 +0.18) F1(8.33 £0.25)10 * xg - g ',
UL IR0 R R 4y B (9.60 = 0.74)
(4.30£0.57) . (4.10 = 0.71), (14.20 = 0.98) .
(3.90 £0.65) F(15.10 + 1. 13) 4>, 5 0f BEAH LL, K
IEIpNEIE S VYW ATE & SNk Ve ek Ear
(34 P <0.05) ; SRR M H, HE T K | i 70 4 5
5 2F T PH T R A R BRI B9 5 R B LA K B S R O
PR 3 B SRR (35 P <0.05) , BE T i 77 i S 56
Ay bR s W E LT AR & LA (1
P <0.05) , HEF1 5 77 F S 56 41 45 PH P %k BE 41 o 4

K2 AARBMAFHEIEMER (FSH) e s fhA iz (LH) 20 (T) AN 2 -6 (IL - 6) SR IASEIN T - o (TNF - ) K

PR (2 £ 5)

Table 2 Comparison of the levels of FSH, LH, T, IL -6 and TNF — o in serum of rats in each group (x *s)

Group FSH(IU - L") LH(TU - L") T(ug- L") IL-6(ng- L") TNF-a(ng-L7")
Control 7.83 +0.76 4.03 +0. 61 2.17 £0. 34 10. 14 +1. 85 21.64 £4.27
Model 2.71 £0.43* 15.14 +1.17* 7.86 £0.73 " 64.59 +3.13* 135.79 +6.35*
Low — dose geniposide 5.14 £0. 56" 9.72 +0. 83* 5.24 +0.47* 38.42 +2.61% 80.36 5. 46"
High - dose geniposide 7.49 0. 62%4 4.40 £0.57%~ 2.43 0. 60*2 11.83 +1.90%2 24.43 +3.91%2
Positive control 7.62+0.71% 4.23 +0. 74%4 2.30 £0.35% 10. 76 +1. 74*4 23.35 4. 10
High — dose geniposide + ML385 2.95+0.544 14.68 £0.934 7.39 £0. 804 62.48 +2.874 130. 81 6. 224

Dose and n refer to Table 1; FSH ; Follicle — stimulating hormone; LH: Luteinizing hormone; T: Testosterone; IL — 6. Interleukin —6; TNF — o; Tumor

necrosis factor — oc; Compared with the control group, * P <0.05; Compared with the model group, *P <0.05; Compared with the low — dose geniposide

group, © P <0.05; Compared with the high — dose geniposide group, 4 P <0. 05.

F3 FSUHKRIVEHLN _EE(MDA) 8L LYEALET(SOD) A H Bt b WEE(GPx) G AL SRS (CAT) ACF I LhAL (% £ 5)
Table 3 Comparision of the levels of MDA, SOD, GPx and CAT in ovarian tissue of rats in each group (x +s)

MDA SOD GPx CAT
Group

(nmol + mg prot ") (U - mg prot ") (U - mg prot ") (U - mg prot ")
Control 1.21+0.26 59.73 +4.35 163.24 £17.35 97.63 +11.27
Model 3.62+0.47" 30.84 +2.74* 87.62+10.93 * 49.75+7.56*
Low — dose geniposide 2.47 £0.33* 42.91 +3. 22* 121.33 £15. 42* 70. 40 +8. 63*
High — dose geniposide 1.39 +0.21% 56.45 +4.16%2 152.47 +16.27%~ 91.58 +10. 84*~
Positive control 1.30 0. 19%4 58.02 3. 98%2 159. 15 +13. 84*2 94.71 £9. 75%%
High — dose geniposide + ML385 3.38 £0.424 32.16 +2.854 93.56 +11.604 53.49 +6.924

Dose and n refer to Table 1; MDA ; Malondialdehyde; SOD: Superoxide dismutase; GPX: Glutathione peroxidase; CAT: Catalase; Compared with the control

group, * P <0.05; Compared with the model group, *P <0. 05; Compared with the low — dose geniposide group, 2P <0.05; Compared with the high — dose

geniposide group, 4 P <0. 05.
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Figure 2

B-actin

Apoptosis and expression of proteins related to the
Nrf2/HO -1 signaling pathway in ovarian tissues of rats in each
group detected by westernblot (WB)

A Control group; B: Model group; C: Low — dose geniposide group; D:
High — dose geniposide group; E: Positive control group; F: High — dose
geniposide + ML385 group.

High-dose geniposide+tML385

FAH R BINRALIE S AN - PHL(HE) Qe ( x200)

Hematoxylin — eosin (HE) staining images of ovarian tissue morphology of rats in each group ( x200)
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(Ntf2) 51l 21 Z 0 4AE — 1 (HO - 1) A IR IBAKFI LEE (2 £ 5)

Table 4 Comparision of the relative expression levels of Bax, Bel =2, Nrf2 and HO — 1 proteins in ovarian tissue of rats in each group

(x +5)

Group Bax Bel -2 Nif2 HO -1
Control 0.17 0. 03 0.97 0. 11 1.13 £0. 14 1.09 0. 11
Model 0.94£0.10* 0.21 0.05* 0.24+0.06* 0.16 £0.04*
Low — dose geniposide 0.56 +0. 06" 0.57 £0.07* 0.67 0. 08" 0.61 +0.07*
High — dose geniposide 0.19 0. 044 0.95 +0. 084 1. 10 £0. 12%4 1.06 0. 08%~
Positive control 0.18 0. 05*~ 0.96 0. 10*2 1.12 0. 13%2 1.08 £0. 102
High — dose geniposide + ML385 0.92 £0.094 0.22 £0. 064 0.26 £0.074 0.18 £0.054

Dose and n refer to Table 1; Bel =2 B — cell lymphoma —2; Bax: Bel —2 associated protein; Nrf2; Nuclear factor E2 — related factor 2 ; HO — 1. Heme

oxygenase — 1 ; Compared with the control group, * P <0.05; Compared with the model group, *P <0.05; Compared with the low — dose geniposide group,

24P <0.05; Compared with the high — dose geniposide group, 4 P <0. 05.
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