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Rosiglitazone improves ovarian dysfunction of rats with chronic low-grade inflammation induced by
lipopolysaccharide

YU Xiao-min®, WEN Bi-wei”, ZHANG Jun-jie’
Department of Obstetrics and Gynecology, Changhai Hospital, Naval Medical University (Second Military Medical University),
Shanghai 200433, China

[Abstract] Objective To detect the expression of peroxisome proliferator-activated receptor (PPAR) in ovarian tissues
of rats with chronic low-grade inflammation, and to explore the effect of PPAR-y agonist rosiglitazone on ovarian dysfunction
induced by chronic low-grade inflammation. Methods A chronic low-grade inflammation model of rats was established by
intraperitoneal injection of lipopolysaccharide (LPS). Two hundred rats were randomly assigned to control group (NS group)
and chronic low-grade inflammation group (LPS group), and the rats were intraperitoneally injected with normal saline and
LPS, respectively. The ovarian function of rats was assessed by detecting the serum levels of estradiol (E2), follicle stimulating
hormone (FSH), luteinizing hormone (LH), and anti-Miillerian hormone (AMH) during different stages of the estrus cycle
(proestrus, estrus, metestrus and diestrus). The protein expression levels of PPAR-o, PPAR-6 and PPAR-y in ovarian tissues were
detected using Western blotting. Eighty rats of each group were randomly divided into two subgroups, which were administered
intragastrically by normal saline and rosiglitazone, respectively. Fourteen days after intragastric administration, the levels of pro-
inflammatory cytokines, including interleukin (IL)-1p, IL-6 and tumor necrosis factor o (TNF-a), in ovarian tissues and ovarian
function of rats in each subgroup were observed during different stages of the estrus cycle. Results Compared with the NS

group, during different stages of the estrus cycle, the serum levels of E2 and AMH of rats in the LPS group were significantly
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decreased (all P<<0.05), while the serum levels of FSH and LH were significantly increased (all £<<0.05). During different

stages of the estrus cycle, the expression levels of PPAR-y in ovarian tissues were significantly decreased in the LPS group

compared with the NS group (all P<<0.05), while the expression levels of PPAR-a and PPAR-0 were not significantly different

between the two groups (all P>>0.05). Compared with the intraperitoneal injection of LPS +intragastric administration of normal

saline subgroup, during different stages of the estrus cycle, the expression levels IL-1p, IL-6 and TNF-o in ovarian tissues of rats

were significantly decreased in the intraperitoneal injection of LPS + intragastric administration of rosiglitazone subgroup (all
P<<0.05), the serum levels of E2 and AMH were significantly increased (all 7<<0.05), and the serum levels of FSH and LH were

significantly decreased (all P<<0.05). Conclusion PPAR-y agonist rosiglitazone can attenuate LPS-induced chronic low-grade

inflammatory and improve ovarian function in rats.

[Key words] peroxisome proliferator-activated receptor; rosiglitazone; chronic low-grade inflammation;

lipopolysaccharide; ovarian dysfunction
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Fb 240 3 mL/kg BRI, M k4 4, B 2 mL o
W2 4 mL 2RO, EEFFE 10 min, 2 000 r/min
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B, BRIl x+s For, 2 4] bR
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&1 NSH5LPS ARFAPARMERXRMES E2. FSH. LH 1 AMH By E tE 8
Tab 1 Comparison of serum E2, FSH, LH and AMH levels in rats at different stages of estrous cycle

between NS and LPS groups

xts

Parameter Estrous cycle phase NS group LPS group t value P value

E2 py/(pgemL ") Proestrus n=>5 87.8+5.1 61.3+43 8.9 0.000 1
Estrus n=>35 28.0+3.3 18.14+2.5 5.3 0.000 7

Metestrus n=135 29.1+3.8 16.1+2.6 6.2 0.000 3

Diestrus n=135 29.8+3.8 17.9+1.4 6.6 0.000 2

FSH py/(ngemL ") Proestrus n =135 18.4+1.3 20.4+0.6 3.1 0.0147
Estrus n=>5 11.1+£0.8 14.9£0.5 8.9 0.000 1

Metestrus n=135 8.0+0.8 10.94+0.8 5.9 0.000 4

Diestrus n=135 83%0.5 14.1+0.7 15.6 0.000 1

LH py/(ngemL™") Proestrus n=>35 11.7£0.8 14.6+0.6 6.2 0.000 3
Estrus n=>5 10.5+0.6 14.1+1.1 6.3 0.000 2

Metestrus n=>5 10.5£0.5 14.1£0.9 7.9 0.000 1

Diestrus n=135 10.8+1.0 13.0+1.1 32 0.012 8

AMH py/(ngemL ") Whole cycle n=10 6.310.6 1.5+0.4 21.1 0.000 1

NS: Normal saline; LPS: Lipopolysaccharide; E2: Estradiol; FSH: Follicle stimulating hormone; LH: Luteinizing hormone;

AMH: Anti-Miillerian hormone
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Fig1 Comparison of PPAR-0, PPAR-6 and PPAR-y protein expression in ovarian tissues of rats at different stages of

estrous cycle in two groups detected by Western blotting

A: Proestrus; B: Estrus; C: Metestrus; D: Diestrus. PPAR: Peroxisome proliferator-activated receptor; NS: Normal saline;

LPS: Lipopolysaccharide. "P<<0.05 vs NS group. n=5,X+s
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Tab 2 Effects of rosiglitazone on proinflammatory cytokines in ovarian tissues of rats with chronic low-grade

inflammation induced by LPS at different stages of estrus cycle

n=>5x%s

Parameter Estrous cycle phase NS+ Veh NS-+RSG LPS—+ Veh LPS+RSG  Fvalue P value
IL-1B py/(pgemL ") Proestrus 107.8423  109.6+33  168.7+88  1347+4.1° 1463  0.000 |
Estrus 106.8+3.7 101.0+1.7 163.9+9.1" 131.5+2.8" 152.8 0.000 1

Metestrus 106.1+4.0 108.3+2.7 163.8+5.3" 133.0+4.1% 212.0 0.000 1

Diestrus 101.9+7.5 105.1+3.5 166.5+6.7" 126.9+5.1% 127.3 0.000 1

IL-6 py/(ngemL ") Proestrus 3403+82 33644299 625643517 4462+62.1°  60.8  0.000 1
Estrus 36544272 341.0+33.7 59124527 4282+282° 46.6 0.000 1

Metestrus 364.9+21.0 328.6+26.1 596.4434.0" 440.9+36.5° 78.3 0.000 1

Diestrus 3355+£12.6 35694257 60124268  421.3+243° 1369 0.000 1

TNF-0 pg/(ngemL ") Proestrus 316446  302+45 643196 422426° 355 0.0001
Estrus 32.1%2.6 31.3+4.2 58.9+5.7 414+32° 49.1 0.000 1

Metestrus 29.9+2.5 32.4+3.1 59.3+5.6 43.74+25% 67.4 0.000 1

Diestrus 32.1%+22 31.9+23 57.7+4.7 434425% 78.2 0.000 1

NS -+ Veh: Intraperitoneal injection of normal saline + intragastric administration of normal saline subgroup; NS+ RSG:
Intraperitoneal injection of normal saline -+ intragastric administration of rosiglitazone subgroup; LPS+ Veh: Intraperitoneal injection
of lipopolysaccharide (LPS)+ intragastric administration of normal saline subgroup; LPS 4+ RSG: Intraperitoneal injection of
LPS+ intragastric administration of rosiglitazone subgroup. IL: Interleukin; TNF-o:: Tumor necrosis factor . "P<<0.05 vs NS+ Veh
subgroup; “P<C0.05 vs LPS + Veh subgroup

*3 TR ZEEBREME LPS 5 S8 15K E 2E X R IPE s
Tab 3 Effects of rosiglitazone on ovarian function in rats with LPS-induced chronic low-grade inflammation

at different stages of estrous cycle

xts

Parameter Estrous cycle phase NS+ Veh NS+RSG  LPS+Veh LPS+RSG Fvalue P value

E2 py/(pgemL ") Proestrus 1=5 89.4+34  902+34  629+56  75.6+49° 316 0.0001
Estrus n=>35 273+23 27.7+2.1 17.6+1.8° 21.5+14° 31.8  0.0001

Metestrus n=15 28.8+1.6 27.8+14 16.0+2.4° 22.6+24° 42.8 0.0001

Diestrus n=>5 29.5+2.9 32.6+54 17.0+1.5 23.0+1.6° 224 0.0001

FSH py/(ngemL ) Proestrus 71=5 183409  185+1.1  248+14°  1994+09° 374  0.0001
Estrus n=>5 105+1.2 10.3+0.9 16.6+1.1° 13.840.8° 42.8  0.000 1

Metestrus n =15 8.0+0.5 8.1+0.8 12.4+0.6° 10.4+03° 66.4  0.000 1

Diestrus n=>5 83+0.4 8.0+0.3 143+0.5 11.2408% 157.5 0.000 1

LH py/(ng+mL ") Proestrus n=5 118406  113+11 172414 133+04° 385  0.0001
Estrus n=35 10.7£0.6 10.9+0.9 165+1.4 13.7+1.0° 36.1 0.000 1

Metestrus n=15 10.7+0.8 10.7%0.6 16.3+0.7° 13.940.5° 98.4  0.000 1

Diestrus n =15 10.7+0.6 10.4+0.6 15.8+0.8° 12.8+0.6° 69.5  0.000 1

AMH py/(ngemL™")  Whole cycle n=40 62406 59404 11403 46+02° 13460 0.0001

NS+ Veh: Intraperitoneal injection of normal saline + intragastric administration of normal saline subgroup; NS+ RSG:
Intraperitoneal injection of normal saline + intragastric administration of rosiglitazone subgroup; LPS + Veh: Intraperitoneal
injection of lipopolysaccharide (LPS)intragastric administration of normal saline subgroup; LPS +RSG: Intraperitoneal injection
of LPS + intragastric administration of rosiglitazone subgroup. E2: Estradiol; FSH: Follicle stimulating hormone; LH: Luteinizing
hormone; AMH: Anti-Miillerian hormone. "P<<0.05 vs NS+ Veh subgroup; “P<<0.05 vs LPS + Veh subgroup
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ZAK 4 RS A R IR RN, AR ERER
i R0, G R s R A LPS i SR PR R
i 5 | ECHE 2 = A 0 D B AR D) o F AL AT A B
B — L WFFE DL LPS 15 S 1048 1 A B A e
5| AL LR P A 0D R LPS EAEAEH T Toll £
ZAR AN S, T LPS i SR R4 A T,
AT R A BT SR R 20 B 5 A Bl A 6 1, e
WEBCR ™

FETABR AT, PR RAE S Y
PRI TIRE S H 5 PPAR-y FkELA O, JHHPH#%
A1V 36 D O R A i W MG S AR R A
SRR I RE SR . HIk, PPAR-y S 3h 7 B 4% 5
Fixt 1 U SRy BE B B2 s AR E R, H2
FOXF USRI B S B e MR A 0 AT e i —
HAESRPEAL

[Z % X #f]

[1] LEONG I Reproductive endocrinology: restoring ovarian
function[J/OL]. Nat Rev Endocrinol, 2018, 14: 66. doi:
10.1038/nrendo.2017.171.

[2] ZHUJY, LIU C C, WANG L, ZHONG M, TANG H L,
WANG H. Peripheral blood lymphocyte-to-monocyte
ratio as a prognostic factor in advanced epithelial ovarian
cancer: a multicenter retrospective study[J]. J Cancer,
2017, 8: 737-743.

[3] POPOVIC M, SARTORIUS G, CHRIST-CRAIN M.



1316 -

BRBESEE 20194 12 H, 5540 4%

[4]

(5]

(6]

[12]

[13]

Chronic low-grade inflammation in polycystic ovary
syndrome: is there a (patho)-physiological role for
interleukin-1?[J]. Semin Immunopathol, 2019, 41: 447-459.
PANDEY V, SINGH A, SINGH A, KRISHNA A,
PANDEY U, TRIPATHI Y B. Role of oxidative stress and
low-grade inflammation in letrozole-induced polycystic
ovary syndrome in the rat[J]. Reprod Biol, 2016, 16: 70-77.
MAGATA F, HORIUCHI M, MIYAMOTO A, SHIMIZU
T. Lipopolysaccharide (LPS) inhibits steroid production
in theca cells of bovine follicles in vitro: distinct effect
of LPS on theca cell function in pre- and post-selection
follicles[J]. J Repro d Dev, 2014, 60: 280-287.

LEVINE L D, HOLLAND T L, KIM K, SJAARDA L
A, MUMFORD S L, SCHISTERMAN E F. The role of
aspirin and inflammation on reproduction: the EAGeR
trial[J]. Can J Physiol Pharmacol, 2019, 97: 187-192.
CAMAIONI A, KLINGER F G, CAMPAGNOLO L,
SALUSTRI A. The influence of pentraxin 3 on the ovarian
function and its impact on fertility[J/OL]. Front Immunol,
2018, 9: 2808. doi: 10.3389/fimmu.2018.02808.
BARAK Y, SADOVSKY Y, SHALOM-BARAK
T. PPAR signaling in placental development and
function[J/OL]. PPAR Res, 2008, 2008: 142082. doi:
10.1155/2008/142082.

SUZAWA M, KATO S. [A clinical perspective, a frontiers
of PPAR function][J]. Nihon Rinsho, 2001, 59: 2269-2277.
MADRAZO J A, KELLY D P. The PPAR trio: regulators
of myocardial energy metabolism in health and disease[J].
J Mol Cell Cardiol, 2008, 44: 968-975.

XIAO B, XU J, WANG G, JIANG P, FANG F, HUANG
J, et al. Troglitazone-activated PPARYy inhibits LPS-
induced lung alveolar type I epithelial cells injuries via
TNF-a[J]. Mol Biol Rep, 2011, 38: 5009-5015.
HECKER M, BEHNK A, MORTY R E, SOMMER
N, VADASZ I, HEROLD S, et al. PPAR-a activation
reduced LPS-induced inflammation in alveolar epithelial
cells[J]. Exp Lung Res, 2015, 41: 393-403.

ZHANG Y, FENG J, WANG Q, ZHAO S, XU J, LT H.
PPAR-y agonist rosiglitazone ameliorates peritoneal
deterioration in peritoneal dialysis rats with LPS-
induced peritonitis through up-regulation of AQP-1 and
ZO-1[J/OL]. Biosci Rep, 2018, 38: BSR20180009. doi:
10.1042/BSR20180009.

WU K L, CHAN S H, CHAN J Y. Neuroinflammation
and oxidative stress in rostral ventrolateral medulla
contribute to neurogenic hypertension induced by
systemic inflammation[J/OL]. J Neuroinflammation,
2012, 9: 212. doi: 10.1186/1742-2094-9-212.

CHAN S H, WU K L, KUNG P S, CHAN J Y. Oral intake
of rosiglitazone promotes a central antihypertensive effect
via upregulation of peroxisome proliferator-activated
receptor-y and alleviation of oxidative stress in rostral
ventrolateral medulla of spontaneously hypertensive
rats[J]. Hypertension, 2010, 55: 1444-1453.

SHAIKH A A, SHAIKH S A. Adrenal and ovarian steroid
secretion in the rat estrous cycle temporally related to
gonadotropins and steroid levels found in peripheral

(17]

(21]

[22]

(27]

plasma[J]. Endocrinology, 1975, 96: 37-44.

HASSA H, AYDIN Y, OZATIK O, EROL K, OZATIK Y.
Effects of dehydroepiandrosterone (DHEA) on follicular
dynamics in a diminished ovarian reserve in vivo
model[J]. Syst Biol Reprod Med, 2015, 61: 117-121.
WEINER C L, PRIMEAU M, EHRMANN D A.
Androgens and mood dysfunction in women: comparison
of women with polycystic ovarian syndrome to healthy
controls[J]. Psychosom Med, 2004, 66: 356-362.
KANNAN S, SRINIVASAN D, RAGHUPATHY P
B, BHASKARAN R S. Association between duration
of obesity and severity of ovarian dysfunction in rat-
cafeteria diet approach[J]. J Nutr Biochem, 2019, 71:
132-143.

DAHIYA S, KUMARI S, RANI P, ONTERU S K,
SINGH D. Postpartum uterine infection & ovarian
dysfunction[J]. Indian J] Med Res, 2018, 148(Suppl):
S64-S70.

ZHENG F, ZHU B, FENG Q, WU L, CUI Y, LIU
Y, et al. Protective effect of gonadotropin-releasing
hormone agonist against chemotherapy-induced ovarian
dysfunction: a meta-analysis[J]. Oncol Lett, 2019, 17:
5319-5326.

SUNITA S, SINGH P K, ONTERU S K, SINGH D.
Histone deacetylase: a potential therapeutic target for
ovarian dysfunction[J]. Front Biosci (Landmark Ed),
2018, 23: 512-534.

REPACI A, GAMBINERI A, PASQUALI R. The role
of low-grade inflammation in the polycystic ovary
syndrome[J]. Mol Cell Endocrinol, 2011, 335: 30-41.
BLEAU C, KARELIS A D, ST-PIERRE D H,
LAMONTAGNE L. Crosstalk between intestinal
microbiota, adipose tissue and skeletal muscle as an
carly event in systemic low-grade inflammation and the
development of obesity and diabetes[J]. Diabetes Metab
Res Rev, 2015, 31: 545-561.

HUTANU A, IANCU M, BALASA R, MAIER 8,
DOBREANU M. PPredicting functional outcome of
ischemic stroke patients in Romania based on plasma
CRP, sSTNFR-1, D-Dimers, NGAL and NSE measured
using a biochip array[J]. Acta Pharmacol Sin, 2018, 39:
1228-1236.

MARCINIAK A, GIERBLINSKI I, STEFANSKI R,
LAPINSKI M, GACIONG Z, BARTLOMIEICZYK I, et
al. [Predictive value of plasma interleukin 1, interleukin
6, interleukin 8 and C-reactive protein (CRP) in patients
with myocardial infarction][J]. Pol Arch Med Wewn,
2003, 109: 15-22.

HZRVIG K K, KIERKEGAARD L, LUND R,
BRUUNSGAARD H, OSLER M, SCHMIDT L. Is
male factor infertility associated with midlife low-grade
inflammation? A population based study[J]. Hum Fertil
(Camb), 2018, 21: 146-154.

TAKEUCHI O, AKIRA S. Pattern recognition receptors
and inflammation[J]. Cell, 2010, 140: 805-820.

(A48 HLL



