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ABSTRACT Objective: To observe the effect of crocetin on polycystic ovary syndrome (PCOS) induced by dihydrotestosterone

(DHT) in mice and explore its possible mechanism. Methods: Pregnant dams were subcutaneously (s.c.) injected with DHT from gesta-
tion day (GD)16 to GDI8, and female offspring were analyzed as the prenatally DHT-treated mice models of PCOS. 50 % of
eight-week-old female offspring in PCOS group were treated with crocetin daily for 4 weeks by oral gavage, which were analyzed as cro-
cetin treatment group (n=18). The body weight and estrous cycle were examined during the treatment. Sixteen weeks later, the mice were
sacrificed after getting orbital blood and the hypothalami and ovaries were obtained. HE staining was used to observe the pathological
change of ovarian tissue. The levels of serum estradiol (E2), testosterone (T), progesterone (P4), luteinizing hormone (LH) and folli-
cle-stimulating hormone (FSH) were quantified using ELISA kit. Inmunohistochemical, western blot and quantitative Real-time PCR
methods were used to detect the expression of kisspeptin in anteroventral periventricular (AVPV), arcuate nucleus (ARC) and the expres-
sion of GnRH in the preoptic area (POA). Results: Compared with the control group, the ratio of ovary to body weight of in PCOS-mice
was increased by 22.56 %+ 6.77 %. PCOS-mice exhibited an obvious prolongation of diestrus and more atretic cyst-like follicles than the
control group. The number of atretic cyst-like follicles was increased by 138.74 %+ 33.22 %, whereas the numbers of large antral folli-
cles, preovulatory follicles and corpus luteum were reduced by 38.80 %zx 4.69 %, 56.35 %+ 7.32 %, 63.77 %x 7.25 % respectively. The
levels of E2, P4 and FSH in serum were reduced by 40.99 %z 2.69 %, 56.91 %* 5.25 %, 38.80 %+ 4.69 % respectively, while the levels of
T and LH were increased by 43.23 %% 4.70 %, 148.46 %=* 28.16 % respectively. The expression of hypothalamic kisspeptin in AVPV
and GnRH in POA was reduced, whereas the expression of kisspeptin in ARC was increased. Treatment of crocetin could prevent the
prolongation of diestrus and reduction in corpora luteum, recover the levels of GnRH, FSH, LH, progesterone (P4), estradiol (E2) and

testosterone (T), and increase the kisspeptin level in AVPV but reduce that in ARC. Conclusion: Crocetin improved the PCOS in mice via
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increasing AVPV-kisspeptin and reducing ARC-kisspeptin expression.
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Fig.1 Effects of crocetin on body weight and estrous cycle in mice with PCOS
i SXRRAEMLL, *P<0.05,n=18; 5 EIHAF L, P<0.05,n=18,
Note: compared with control group, *P<0.05, n=18; compared with model group, “P<0.05, n=18.
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Fig.2 Effects of crocetin on follicle growth and ovulation in mice with PCOS
s 5B ZAHA L , *P<0.05, **P<0.01,n=18; S5 EIZA4H Ek , P<0.05,n=18,,
Note: compared with control group, ¥*P<0.05, **P<0.01, n=18; compared with model group, “P<0.05, n=18.
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Fig.3 Effect of crocetin on reproductive hormone levels in mice with PCOS
i 5XERAEMELE, *P<0.05,**P<0.01,n=18; HEAIZA H L, P<0.05,n=18,
Note: compared with control group, ¥*P<0.05, **P<0.01, n=18; compared with model group, P<0.05, n=18.
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Fig.4 The effect of crocetin on hypothalamic kisspeptin and GnRH neurons in mice with PCOS
i 5B AL, *P<0.05,**P<0.01,n=9; HEIAIL I, P<0.05,n=9,
Note:compared with control group, *P<0.05, **P<0.01, n=9; compared with model group, “P<0.05, n=9.
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K GnRH fhk s Joke 7 206 B 3B A v, {4 K b 0B B LH A
FSH. MR, /KPR R0 i 32 309 7 S 45 i LH. LH
Jok A S i PCOS £ AR 2 — , 2 EJiF GnRH 73
WA AN G IR 5 32 B T U M 3R 73 M a2 ) S A 29
PRI, FAT TR B2 /KRl BER R KF 5 R Mg b LH /K
ST TS LH Bk bR i LK% 20 FSH 230 K P- A

AR X AT BERZ I IEF A B & & FIHEDE .

Kisspeptin 42 G 75 [A{# B¢ 52 1A 54(G protein-coupled recep-
tor 54, GPR54) RARHCR . 4 &I, Kisspeptin/GPR54 £ 5F
Fe il - A - OPSLh AR FE RS 3@ )R T Bl GnRH R 2850
G PE IR LH R FSH 43K F- . Kisspeptin #1220 2 (2
PERRICR 730, HEIIANA: 5 Y R 2 A 1 TEmG U sh b,
A~ FZ kisspeptin £ 22 TR T F LAY ARC F1 AVPV
Hi. AVPV iy Kisspeptin # 28 A A MERER IE R 5t 1F
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M, Z 5 HER AT GnRH / LH Bk obfE a1 ARC Hy
kisspeptin £ 287052 MR TR 5 129, A J2 455 LH ik
AR B GnRH K b JE il 69 5C 8 0 35 L 7 o F e i
Kisspeptin-GnRH & £t JJj i 5 it 1] fE /& PCOS A i Ll 2 —
M, KREAESI RTINS, kisspeptin M Z2TCHYIA1E AVPV H1EL
i, SRR 7 ARC ™, FEFRATHIBESEH /N R
A R T DHT 2640 T mT LLBA S B AR S 1 AT ik AVPV
kiss-1 mRNA Al kisspeptin & [ ()5 KF, HEHBEHM T 3)
H ] ARC 1 kiss-1 mRNA Fl kisspeptin 25 [ 1) 357K
M, B/KER) DHT 3833 T30 i kisspeptin (93815, A8
GnRH / LH Jik R , BELAT 1E 5 B0 4 1E A K R J ik
B, PHLIAERR T LLiEL AVPV Hil ARC #f kisspepin #2201 5
WARIE, X ] gl o} PCOS ARy ER R RN 2 —.

25 EATR , FATBTIEIESE T 45 T PO LLARRRTA YT 7T LA
DHT 53 1) PCOS SiEdtR . PULLALIR 9 IRITAE AT RS2 i T
AVPV F1 ARC 1§ kisspeptin i) 21k, IML7E H E2 P4 . T .LH A1
FSH 7KDL K P SL R S5 R FI D R BAR 2I 21 1 . Ik, th T
38 HPO D REFR /A U RAHELAE T, B LAPG L AE R AE
BRSO o gk

£ % 3T ik ( References)
[1] Krishnan A, Muthusami S. Hormonal alterations in PCOS and its in-
fluence on bone metabolism[J]. J Endocrinol, 2017, 232(2): R99-r113
[2] Kokosar M, Benrick A, Perfilyev A, et al. A Single Bout of Elec-
troacupuncture Remodels Epigenetic and Transcriptional Changes in

Adipose Tissue in Polycystic Ovary Syndrome [J]. Sci Rep, 2018, 8

(1): 1878
[3] Broadhead GK, Chang A, Grigg J, et al. Efficacy and Safety of Saffron

Supplementation: Current Clinical Findings[J]. Crit Rev Food Sci Nutr,

2016, 56(16): 2767-2776
[4] Yan J, Qian Z, Sheng L, et al. Effect of crocetin on blood pres sure

restoration and synthesis of inflammatory mediators in heart after

hemorrhagic shock in anesthetized rats[J]. Shock, 2010, 33(1): 83-87
[5] Nam KN, Park YM, Jung HJ, et al. Anti-inflammatory effects of crocin

and crocetin in rat brain microglial cells [J]. Eur J Pharmacol, 2010,

648(1-3): 110-116
[6] Majid H, Masood Q, Khan AH. Homeostatic Model Assessment for

Insulin Resistance (HOMA-IR): A Better Marker for Evaluating In-

sulin Resistance Than Fasting Insulin in Women with Polycystic

Ovarian Syndrome [J]. J Coll Physicians Surg Pak, 2017, 27 (3):

123-126
[7]1 QuJ, Wang Y, Wu X, et al. Insulin resistance directly contributes to

androgenic potential within ovarian theca cells [J]. Fertil Steril, 2009,

91(5 Suppl): 1990-1997
[8] Zhao Y, Zhang C, Huang Y, et al. Up-regulated expression of WNT5a

increases inflammation and oxidative stress via PI3K/AKT/NF-kap-

paB signaling in the granulosa cells of PCOS patients [J]. J Clin End-

ocrinol Metab, 2015, 100(1): 201-211
[9] Agha-Hosseini M, Kashani L, Aleyaseen A, et al. Crocus sativus L.

(saffron) in the treatment of premenstrual syndrome: a double-blind,

randomised and placebo-controlled trial [J]. Bjog, 2008, 115 (4):
515-519

[10] VanHouten EL, Visser JA. Mouse models to study polycystic ovary syn-
drome: a possible link between metabolism and ovarian function?[J].
Reprod Biol, 2014, 14(1): 32-43

[11] Goldman JM, Murr AS, Cooper RL. The rodent estrous cycle: charac-
terization of vaginal cytology and its utility in toxicological studies[J].
Birth Defects Res B Dev Reprod Toxicol, 2007, 80(2): 84-97

[12] Caldwell AS, Middleton LJ, Jimenez M, et al. Characterization of re-
productive, metabolic, and endocrine features of polycystic ovary syn-
drome in female hyperandrogenic mouse models [J]. Endocrinology,
2014, 155(8): 3146-3159

[13] Osuka S, Iwase A, Nakahara T, et al. Kisspeptin in the Hypothalamus
of 2 Rat Models of Polycystic Ovary Syndrome [J]. Endocrinology,
2017, 158(2): 367-377

[14] Kondo M, Osuka S, Iwase A, et al. Increase of kisspeptin-positive
cells in the hypothalamus of a rat model of polycystic ovary syndrome
[J]. Metab Brain Dis, 2016, 31(3): 673-681

[15] Blank SK, McCartney CR, Marshall JC. The origins and sequelae of
abnormal neuroendocrine function in polycystic ovary syndrome [J].
Hum Reprod Update, 2006, 12(4): 351-361

[16] Tackling insulin resistance. Control of etiology in type 2 diabetes[J].
MMW Fortschr Med, 2000, 142(21): 66-67

[17] De Leo V, Musacchio MC, Cappelli V, et al. Genetic, hormonal and
metabolic aspects of PCOS: an update [J]. Reprod Biol Endocrinol,
2016, 14(1): 38

[18] Moore AM, Campbell RE. Polycystic ovary syndrome: Understand-
ing the role of the brain [J]. Front Neuroendocrinol, 2017, 46: 1-14

[19] Matsuzaki T, Tungalagsuvd A, Iwasa T, et al. Kisspeptin mRNA ex-
pression is increased in the posterior hypothalamus in the rat model of
polycystic ovary syndrome[J]. Endocr J, 2017, 64(1): 7-14

[20] Casarini L, Riccetti L, De Pascali F, et al. Estrogen Modulates Specific
Life and Death Signals Induced by LH and hCG in Human Primary
Granulosa Cells In Vitro[J]. Int J Mol Sci, 2017, 18(5)

[21] Kishi H, Kitahara Y, Imai F, et al. Expression of the gonadotropin re-
ceptors during follicular development [J]. Reprod Med Biol, 2018, 17
(1): 11-19

[22] Yang JL, Zhang CP, Li L, et al. Testosterone induces redistribution of
forkhead box-3a and down-regulation of growth and differentiation
factor 9 messenger ribonucleic acid expression at early stage of mouse
folliculogenesis[J]. Endocrinology, 2010, 151(2): 774-782

[23] Yaffe K, Kanaya AM, Lindquist K, et al. PPAR-gamma Prol2Ala
genotype and risk of cognitive decline in elders [J]. Neurobiol Aging,
2008, 29(1): 78-83

[24] Kajta M, Rzemieniec J, Litwa E, et al. The key involvement of estro-
gen receptor beta and G-protein-coupled receptor 30 in the neuropro-
tective action of daidzein[J]. Neuroscience, 2013, 238: 345-360

[25] Uenoyama Y, Tomikawa J, Inoue N, et al. Molecular and Epigenetic
Mechanism Regulating Hypothalamic Kissl Gene Expression in

Mammals[J]. Neuroendocrinology, 2016, 103(6): 640-649



