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rats underwent a 3 weeks chronic unpredictable mild stress QUMS) procedure to

establish the PCOS model, followed by 4 weeks treatment witiXYS (0.505 g/kg or 1.01

g/kg) by gavage. Granulosa cells were exposed to noradreniale (1 mM)in vitro for 24

h, followed by incubation with or without XY S-treated rat seum for 24 h. Post-treatment

with XYS ameliorated CUMS-induced irregular estrous cycseand follicles development
abnormalities, decrease of estradiol and progesterone l@t as well as increase of
luteinizing hormone in serum, reduced cystic follicles faration and the apoptosis and

autophagy of granulosa cells, attenuated the increase in gzamine beta hydroxylase and
c-fos level in locus coeruleus, the noradrenaline level irrsum and ovarian tissue, and the
expression of beta 2 adrenergic receptor in ovarian tissueBesides, XYS alleviated the
reduction of phosphorylation of ribosomal protein S6 kinas polypeptide | and protein
kinase B, as well as the increase of microtubule-associategbrotein light chain 3-I to

microtubule-associated protein light chain 3-1I conversin both in vivoand in vitro. This

study demonstrated XYS as a potential strategy for CUMS indwed polycystic ovary,

and suggested that the bene cial role of XYS was correlated vth the regulation of the
sympathetic nerve activity.

Keywords: chronic unpredictable stress, polycystic ovary
cells autophagy

, noradrenaline, beta 2 adrenergic receptor, granulosa
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INTRODUCTION The present study aimed to investigate the ameliorative e ect

of XYS on chronic stress-induced polycystic ovary and fellic
Polycystic ovary syndrome (PCOS) is a common endocringevelopment abnormalities, and gain insight into its ungterd
disorders in women of reproductive age featured bymechanism.

hyperandrogenism, chronic anovulation, polycystic ovaries

on ultrasonography and abnormalities of folliculogenesSis|élic

et al., 2004; Norman et al., 2001n the etiology of PCOS, MATERIALS AND METHODS
psychological stress has attracted increasing attentieh (Animals

Hayek et al., 20)6The patients with PCOS commonly presentFemale Sprague-Dawley rats weighing 2200 g, 8 weeks-old,

a higher degree of emotional distresSr¢iner et al., 2005; were obtained from the Animal Center of Peking University
Veltman-Verhulst et al., ZOlZOn the other hand, elevated risk Health Science Center with the certi cate number SCXK 2006-
for psychiatric disorders is observed as well in the sistats a ggo8. The animals were housed at 241 C and relative
brothers of women with PCOS, suggesting that the assonmtio humidity of 50 1% under a 12 h light/dark cycle and given
between PCOS and psychiatric disorders are partly due to &andard laboratory diet and water. The experimental procesiu
common etiology, including shared genetic factote¢ta et al., ere in accordance with the recommendations of U.K. Animals
2016. Previous studies have demonstrated that chronic stre§Scienti ¢ Procedures) Act, 1986 and associated guids|if)
elevates the activity of sympathetic nervous system, isesethe  Directive 2010/63/EU for animal experiments. All animals ever
release of noradrenaline (NE) and nerve growth factor in theyandled according to the guidelines of the Peking University
ovary (araetal., 1993; Paredes etal., 1998; Dorfman et al),200&nimal Research Committee. The experimental protocol was
and induces cystic follicles formation through the activat approved by the Committee on the Ethics of Animal Experiments

of beta adrenergic receptor=¢rnandois et al., 2012; Luna of peking University Health Science Center (LA2016314).
et al., 201p Moreover, chronic stress a ects the secretion of

gonadotropin and sexual hormone via hypothalamus-pituitary-Reagents

ovary axis '(oufexis et al., 203,4 and Subsequently leads to XYS granu]es was provided by Guangdong Yi Fang
follicle development abnormalities\(u et al., 201p However, pharmaceutical Co Ltd. (Guangzhou, China), which consists
how stress causes the impairment of follicles remains unclea  of radix bupleuri(chaihu) (16.2%)angelica(danggui) (16.2%),
The survival and death of granulosa cells have been recetjnizradix paeoniae albabaishao) (16.2%)rhizoma atractylodis
as one of the critical factors that impact the fate of folliclesnacrocephalaghaizhu) (16.2%)poria (fuling) (16.2%),ginger
(Matsuda et al., 20)2Apoptosis and autophagy are two forms of (shengjiang) (5.4%)mint (bohe) (5.4%), andglycyrrhizae
programmed cell death, and the latter form involves the precesgancao) (8.1%). Antibodies against beta 2 adrenergic recept
in which a double-membrane vesicle called autophagosom@2R), S6K I, phosphor-p70 S6K | (Thr229) and c-fos were
carries cytoplasmic material to the lysosoméiushima and  pyrchased from Abcam (Cambridge, UK). Antibodies against
Komatsu, 201)L It has been reported that both apoptosispcl-2 (B-cell lymphoma-2), Bax (B-cell ymphoma-2 assodiate
and autophagy can be induced in granulosa cells and arg protein), cleaved caspase-3 (cleaved cysteinly aspartatespeci
involved in the control of follicles developmencCiioi et al., proteinase-3), microtubule-associated protein light chaih 3
2010, 201g which is modulated by various signaling pathways(LC3A), LC3B, Akt and phosphor-Akt (Ser473) were purchased
including phosphoinositide3-kinase/protein kinase B (PIBKY)  from Cell Signaling (Danvers, MA, USA). Antibody against
and mammalian target of rapamycin (MTOR) pathway%/¢  dopamine beta hydroxylase ) was purchased from Thermo
et al, 201p However, the study on the role of apoptosis andscijenti ¢ (Rockford, IL, USA). (-)-Noradrenaline (NE) wa®fn
autophagy in stress-induced polycystic ovary is limited. Sigma Chemical Co (St Louis, MO, USA). Pregnant mare serum

Xiao-Yao-San (XYS) is a traditional Chinese medicingyonadotropin was from ProSpec (Ness Ziona, Israel).
formula widely used for treatment of gynecological diseasel

depression. In addition, studies showed that XYS can reguIaExperiment Protocols

hypothalamus-pituitary functionJiang et al., 20)fprotect the  Animals underwent a week of adaptive breeding and estrous
hippocampal neuronl(iang et al., 2013; Meng et al., 2D18  cycle determination, rats with normal estrous cycle wen®ked
chronic stress-induced anxiety model. However, the rol¥6$  and divided into the following 6 groups randomly: (1) Control
in chronic stress-caused polycystic ovary has not been eeghlor group, (2) ControCXYS (1.01 g/kg) group, (3) CUMS group, (4)
CUMSCsaline (NS) group, (5) CUMSXYS (0.505 g/kg) group,
Abbreviations: Akt, protein kinase B; Bax, B-cell lymphoma-2 associated Xgnd (6) CUMSXYS (1.01 g/kg) group. The number of animals

protein; Bcl-2, B-cell lymphoma-2,2R, beta 2 adrenergic receptor; cleaved - yotarmination of each parameter in each group is detaited
caspase-3, cleaved cysteinly aspartate specic proteinase-3; ,Cthvi&ic

unpredictable mild stress; i+, dopamine beta hydroxylase; DMEM, dulbecco's Table 1 ) )
modi ed eagle medium; FBS, fetal bovine serum; GCs, granulosa cells; HE, The dosage of XYS used in the experiments was calculated
hematoxylin and eosin; LC3, microtubule-associated protein lightrc3; mTOR,  based on that for human, with 0.505 g/kg being equivalentid a

mammalian target of rapamycin; NE, noradrenaline; PCOS, polycystic ovary 01 g/kg 2-fold the dose (27g crude drug/60 kg), respegtivel
syndrome; PI3K, phosphoinositide3-kinase; PVDF, polyvinylidemeide; S6K

I, ribosomal protein S6 kinase polypeptide I; TBS-T, Tris-bu ered salliween; used in clinic. . i .
TUNEL, terminal deoxynucleotidyl transferase-mediated dUTRibiaick end- CUMS used in the present study consisted of 10 kinds of
labeling; XYS, Xiao-Yao-San. stressors: (1) 24 h food deprivation, (2) 24 h water deprivatio
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TABLE 1 | Number of animals for different experimental groups and vaous parameters.

Control Control CXYS  CUMS CUMSCNS CUMSCXYS CUMSCXYS Total
(1.01 g/kg) (0.505 g/kg) (1.01 g/kg)

Observation of estrous cycle 11 11 11 11 11 11 66
HE staining ?3) 3) 3) 3) 3) (15)
Immunohistology staning 3) 3) 3) 3) 3) (15)
NE in tissue 8 8 8 8 8 40
NE, estradiol, progesterone, luteinizing hormone in 8) 8) (8) 8) (8) (40)
serum
western blot (6) (6) (6) (6) (6) (30)
Total 19 11 19 19 19 19 106

The numbers in the brackets represent the number of the animals used in ¢hrespective experiment and these animals were among those denoted aboviey the numbers free of
brackets.

with empty drinking bottles, (3) 24 h bedding deprivation, (4) control rat serum-DMEM (NECNS group) or 15% XYS (1.01
24h wet bedding, (5) 24 h tilt cage (cages were tilted to 45g/kg) rat serum-DMEM (NEEXYS (1.01 g/kg) group) incubating
from the horizontal), (6) 2 min clamp tail (1 cm from the tail for additional 24 h.

tip), (7) 2h cold stress in low temperature incubator at4 (8)

1 h shaker stress (140 rpm), (9) 5min cold swim at 456and Determination of Estrous Cycle

(10) 3 h restraint. The animals in the CUMS group, CUBISS  Determination of the estrous cycle was performed daily for a
group, CUMEXYS (0.505 g/kg) group and CUMXYS (1.01  week before CUMS and 5 weeks after CUMS using vaginal smears
g/kg) group were subjected to 3 weeks CUMS with two randomlpbserved under a light microscopelgrcondes et al., 2092
selected stressors imposed on the animals every day. During

the same period of time, the animals in Control group andHisto|ogica| Evaluation of Ovarian

ControlCXYS (1.01 g/kg) group stood normally raised. In therats were anesthetized by 20% urethane (10 ml/kg) at thefend o
week that followed, estrous cycle was determined for athaf, the experiment. Ovaries were excised, rinsed in NS, xed in 4%
and only animals with disordered estrous cycle in CUMSyaraformaldehyde in 0.1 M phosphate bu er solution (pH 7.4).
groups were processed for treatment with or without XYS. XY ym para n sections were prepared and stained by hematoxylin
treatment started form the fth week and lasted for 4 weeksgnq eosin (HE). The follicles were classi ed according torthei
during this period, the animals in XYS treatment groups reediv pjsotological characteristicE(uz et al., 201pand the number of
XYS by gavage daily at a dose as indicated, while those #imordial, primary, secondary, antral, cystic, and atretitiéles

CUMSCNS group were given equivalent volume of NS in theyas counted for each ovary in a total of 10 sections with arB0
same manner. XYS was suspended in NS before use. Estrous cy@lgrval between the successive two.

was determined for each rat over the whole treatment period.

Determination of NE, Estradiol,

Preparation of XYS Containing Serum Jarogesterone and Luteinizing Hormone

Female SD rats were administered by gavage with NS or X A% the end of the experiment, the rats were sacri ced and blood
(1.01 g/kg) once a day for 3 days. 2 h after the nal dose, tke ra : .
and ovaries were collected. The levels of NE in serum and

were sacri ced and blood was collected. The blood samples WeTe ian tissue homoaenate were determined by using ELISA kit
centrifuged at 1,699 g for 15 min at@, the serum was collected 9 Y 9

and incubated in a water bath at 36 for 30 min for inactivation, (Eagle Biosciences, N_as_h_ua, NH, USA.)’ andthe levels otﬂmstt_ra
and stored at 80 C before useqao et al., 2013 progesterone and luteinizing hormone in serum were deteledin
v by using ELISA kits (R&D Systems, Minneapolis, MN, USA;

Granulosa Cells (GCS) Culture Studies E”Zn%f;gfu2f.'seirr‘lcsfflj£§g:'"gda'e’ NY, USA) according to the
Female SD rats postnatal 21 days were sacri ced by cervicrgla '

dislocation under anesthesia and ovaries were excised #8rh a . .
administration of pregnant mare serum gonadotropin (0.4 IU/g)Termlnal Deoxynl_JcIeotldyI L. .

by intraperitoneal injection. GCs were isolated by immegsin 11ansferase-Mediated dUTP-Biotin Nick

the ovaries in 5% fetal bovine serum (FBS)-DMEM (dulbeccoEnd-Labeling (TUNEL) Staining

modi ed eagle medium) and puncturing them with 26 gaugeTUNEL staining was conducted for paran sections of rat
needles to release GOsaedini et al., 2016 GCs were seeded in ovary using an assay kit (Roche, Basel, Switzerland), dngord
3.5 cm petri dish and cultured in 15% FBS-DMEM at @&vith  the manufactures instruction, and the nuclei were labeléith w
5% CQ for 48 h, followed by incubation in 15% FBS-DMEM Hochest 33342 (Invitrogen, Camarillo, CA, USA). The numbler o
with NE (1 mM) (NE group) or without NE (Control group) for the TUNEL positive cells in 5 elds was counted, and the average
24 h. A proportion of cells in NE group were transferred to 15%was calculated and expressed as cell number per eld.
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FIGURE 1 | Effect of XYS post-treatment on rat estrous cycle(A) Representative images exhibiting the changes of estrous c¢je in Control(a), ControlCXYS (1.01

g/kg) (b), CUMSCNS (c), CUMSCXYS (0.505 g/kg)(d), and CUMSCXYS (1.01 g/kg)(e) group, respectively. P, preoestrus; E, estrus; M, metaoests; DI, diestrus.

(B) Statistical result of the percentage of rats with normal esbus cycle after 1, 2, 3, and 4 weeks XYS post-treatment. Redts are presented as mean SE. *P <

0.05 vs. Control group;TP < 0.05 vs. CUMSCNS group,n D 11.
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(al-al0), CUMS (b1-b10), CUMSCNS (c1-c10), CUMSCXYS (0.505 g/kg)(d1-d10), and CUMSCXYS (1.01 g/kg)(e1—-e10) group, respectively.

e§ el0

19 yis o 2W e}
Uy & R <« (@, 3

e 5 !
) = 750 um

Immunohistochemical Staining Akt (1:1000), phosphor-Akt (Ser473, 1:2000), LC3A (1:1000),
At the end of the experiment, the rats under anesthesia wereC3B (1:1000), and GAPDH (1:2000) in diluent buer (3%
infused via the left ventricle with 4% paraformaldehyde in10.0 bovine serum albumin and 0.1% TBS-T). After rinsing with
M phosphate bu er solution (pH 7.4), brain segments containingTBS-T for 3 times, PVDF membranes were incubated with
region of the locus coeruleus (bregmed.80 to 10.04mm) secondary antibody (1:3000, Cell Signaling TechnologgyBras,
(Sabban et al., 20 #&ere removed and post xed with the same MA, USA) for 1 h at room temperature and washed by TBS-
xative for 48 h, and immersed in 30% sucrose solution for atT for 3 times. Antibody binding was detected by enhanced
least 48 h at 4C. The brain segments were cut into Bn  chemiluminescence detection kit (APPLYGEN, Beijing, China
sections with a cryostat microtome (CM1900; Leica, NussloctBands were scanned and evaluated by Bio-Rad Quantity One
Germany). GCs were xed with 4% paraformaldehyde in 0.1 Msoftware for quanti cation (Bio-Rad, Richmond, CA, USA). All
phosphate bu er solution for 20 min at the end of the experiment.the western blot experiments were repeated at least 3 times.
The sections or cultured cells were permeabilized with 0.3% = .

Triton X-100 for 30 min, then incubated with antibodies agsti ~ Statistical Analysis

b2R (1:50), LC3A (1:400),lM (1:50) or c-fos (1:100) overnight All parameters were expressed as mea8E. Statistical analysis
at 4 C after blocked with goat serum, and then incubated withwas performed using one-way ANOVA followed by Turkey
a uorescent secondary antibody for 1.5 h at 87and Hochest test for multiple comparison. A probability less than 0.05 was
33342 (Invitrogen, Camarillo, CA, USA) for nuclei. Positiveconsidered to be statistically signi cant.

staining was examined by a laser scanning confocal micpesco

(TCS SP5, Leica, Mannheim, Germany). RESULTS

Western Blotting Assay XYS Ameliorates Rat Estrous Cycle

Rats under anesthesia were sacriced at the end of thBysfunction Induced By CUMS

experiment, the ovarian tissue and brain tissue containinghe estrous cycles of rats were assessed before and after. CUMS
region of locus coeruleus were removed and immediately frozeFigure 1A shows the representative pro les of estrous cycles
at 80 C till use. GCs were collected following incubationin di erent groups. Rats of Control groupRigure 1Ag and
sequentially with NE and control or XYS rat serum. GCs, auari ControlCXYS (1.01 g/kg)Kigure 1Ab) group revealed normal
and brain tissue were homogenized in lysis bu er containihg t estrous cycles over the observation, while irregular estoycles
protease inhibitor. Proteins were separated by sodium dddecwere induced immediately after CUMS and persisted till the end
sulfate-polyacrylamide gel electrophoresis and trandfete  of the experiment, if not interfered~{gure 1Ag. Post-treatment
polyvinylidene uoride (PVDF) membrane. After non-speci c with XYS at 0.505 g/kg or 1.01 g/kg both recovered the irgul
binding sites were blocked with 5% bovine serum albumin irestrous cycles induced by CUMS starting from the third week
Tris-bu ered saline Tween (TBS-T), PVDF membranes weref treatment Figures 1Ad,9. Figure 1Bis the quanti cation of
incubated overnight at 4= with the primary antibodies against the percentage of rats with normal estrous cycle during the-post
b2R (1:1000), Bax (1:1000), Bcl-2 (1:1000), cleaved caspaseatment with XYS in di erent groups, which con rmed the

3 (1:500), S6K 1 (1:1000), phosphor-S6K | (Thr229, 1:1000)esults from the survey above.

Frontiers in Physiology | www.frontiersin.org 5 September 2017 | Volume 8 | Article 729


http://www.frontiersin.org/Physiology
http://www.frontiersin.org
http://www.frontiersin.org/Physiology/archive

Sun et al. Xiao-Yao-San Ameliorates Polycystic Ovary

I Control

B3 cums

] CUMS#NS

CUMS+XYS (0.505 g/kg)
E=A CUMS+XYS (1.01 gkg)

T

s

X 100%
»

X 100%

Number of
secondary follicles/total count
ey

Number of
primordial follicles/total count
Number of
primary follicles/total count

T

X 100%
Number of

cystic follicles/total count
X 100%
s

i

Number of

antral follicles/total count
Number of

atretic follicles/total count

FIGURE 3 | Effect of XYS post-treatment on follicle development of thevary. (A) Representative HE staining images of rat ovarian tissu@l,a2). The area within the
rectangle in each image in left panel is enlarged and presesd right, exhibiting the representative images of primorel follicle b1, dotted arrow), primary follicle i§1,
solid arrow), secondary folliclgb2), antral follicle(b3), atretic follicle(b4), and cystic follicle(b5), respectively.(B) Statistical result of the percentage of the follicles in
different development stages in various groups. Results arpresented as mean SE. *P < 0.05 vs. Control group;# P < 0.05 vs. CUMS group;TP < 0.05 vs.
CUMSCNS group, n D 3.

XYS Alleviates Rat Polycystic Ovary cystic follicles were observed in the ovaries of CUMS group
Formation and Follicles Development (Figure 2b) and CUMSCNS group Figure 29. Noticeably, post-
Abnormalities Induced by CUMS treatment with XYS (0.505 g/kg or 1.01 g/kg) signi cantly

Ovary morphology was examined by HE-staining and the€duced the number of cystic follicleBigures 2d,. lllustrated
representative images of dierent groups are presented |H1 Figure 3Aare the representative images of follicles at di erent
Figure 2 As compared to Control groupFigure 29, numerous developmental stages, and the percentage and number of the
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various follicles and corpus luteum are shownFigure 3Band
Table 2 respectively. At the end of CUMS, the number of both
primary follicles and corpus luteum in the CUMS group was
decreased, while the percentage of cystic follicles wasaisede
This tendency was further prominent 5 weeks after CUMS,
accompanying with an increase in the percentage of primordial
follicles and a decrease in the percentage of antral follicles
Post-treatment of XYS (0.505 g/kg and 1.01 g/kg) relieved th
alternations mentioned above, suggesting the amelioratiagt

of XYS on cystic follicles formation and follicle development
abnormalities.

XYS Inhibits the Increase of NE Level in Rat
Serum and Ovarian Tissue and Ameliorates
Rat Endocrine Disorder Induced By CUMS

To examine the eect of XYS on the elevated activity of
sympathetic nervous system induced by CUMS, NE level in
rat serum and ovarian tissue was detected. Compared with
Control group, the NE level in serum remained unchanged
immediately after CUMS, but increased signi cantly at the end
of the experiment igure 4A). On the other hand, NE level in
ovarian tissue increased signi cantly after CUMS and deseea
at the end of the experiment{gure 4B). The alterations above
were inhibited by post-treatment with XYS with signi cance.
Figures 4C-Epresent the results of the serum hormone
level in di erent groups. Luteinizing hormone had no change
immediately after CUMS challenge but increased at the end of
the experiment if not interfered. This increase was protedigd
XYS treatment at 1.01 g/kd-igure 40). In contrast, the level
of estradiol dramatically decreased after CUMS, but recer
completely at the end of the experiment, which was not a ected
by the treatment of XYSHigure 4D). The level of progesterone
in serum changed in response to CUMS challenge in a distinct
manner in that it decreased markedly immediately after CUMS,
which was persisted till the end of the experiment if not
interfered, but prevented by treatment with XYS at 1.01 g/kg
(Figure 4B.

XYS Relieves the Increase of b2R in
Follicles after CUMS

To disclose the rationale behind the ameliorating e ect of
XYS on polycystic ovary formation and follicles development
abnormalities, the expression b2R in follicles was assessed by
immunohistochemistry and western blot. Immuno uorescenc
staining Figure 5A) shows that, compared with Control group,
the expression ab2R increased in the primordial and primary
follicles immediately after CUMS and further increased at
the end of the experiment, which, however, was obviously
relieved by post-treatment with XY&igures 5Aal-el,a2—¢2

In accordance with the results in the ovarian tissue, NE exposu
led to an increased expressiont@R in cultured granulosa cells
(Figure 5B), which was attenuated by XYS. Western blot analysis
(Figure 50) shows a trend similar to immuno uorescence
results, however there was no signi cant di erence observed
among the di erent groups.
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FIGURE 4 | Effect of XYS post-treatment on the level of NE, luteinizingormone, estradiol, and progesterone in rats(A) NE concentration in serum in different
groups. (B) NE concentration in ovarian tissue from different groupgC) Luteinizing hormone in serum from different groupg(D) Estradiol in serum from different

groups. (E) Progesterone in serum from different groups. Results are psented as mean SE. *P < 0.05 vs. Control group;# P < 0.05 vs. CUMS group; P < 0.05
vs. CUMSCNS group, n D 8.
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FIGURE 5 | Effect of XYS post-treatment on the expression 0b2R in ovarian tissue (A) Representative immuno uorescence confocal images of primalial follicles
(1, barD 10 mm), primary follicles (2, baD 15 mm), secondary follicles (3, baD 30 nm), antral follicles (4, baD 100 nm), cystic follicles (5, baiD 250 mm) and
enlarged images of cystic follicles (6, babD 50 mm) in Control(a), CUMS (b), CUMSCNS (c), CUMSCXYS (0.505 g/kg)(d), and CUMSCXYS (1.01 g/kg)(e) group,
respectively. F, follicular antrum. The sections were imnmochemically stained forb2R (green) and nuclei (bluelB) Representative immuno uorescence confocal
images of granulosa cells in Contro{a), NE (b), NECNS (c), NECXYS (1.01 g/kg)(d) group, respectively. The areas inside the rectangle of uppepanel (1) are shown
in the lower penal (2) at high magni cation. The sections weranmunochemically stained fo2R (green) and nuclei (blueC) Western blot for the expression ob2R
in different groups with the quanti cation ofb2R showing below. Results were presented as mean SE. No difference was noted among groupsn D 4.
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FIGURE 6 | Effect of XYS post-treatment on the apoptosis of granulosaells in ovarian tissue(A) Representative TUNEL staining images of secondary folkd (1),
and antral follicles (2) in Contrdla), CUMS (b), CUMSCNS (c), CUMSCXYS (0.505 g/kg)(d), and CUMSCXYS (1.01 g/kg)(e) group, respectively. TUNEL positive
cells are stained green(B) Statistical result of number of TUNEL positive cells per 5 dk. (C) Western blot for the expression of Bax and Bcl-2 in differengroups with
the quanti cation of Bax/Bcl-2 showing below. (D) Western blot for the expression of cleaved caspase-3 in dédfent groups with the quanti cation of cleaved
caspase-3 showing below. Results are presented as mean SE. *P < 0.05 vs. Control group;# P < 0.05 vs. CUMS group;TP < 0.05 vs. CUMSCNS group,nD 3
for TUNEL staining,n D 4 for western blot.

XYS Inhibits the Apoptosis of Granulosa 2016. In view of the known involvement of autophagy in the
Cells in the Antral Follicles Induced by development of folliclesCthoi et al., 2010, 20),3we explored
CUMS the expression of LC3 and the LC3-1 to LC3-II conversion in

In order to investigate whether the formation of cystic folidis the ovarian ti_ssue by immunohistochemistry an_d Western 'b|9t
is associated with apoptosis of granulosa cells, we conduct &mpared with the Control group, the expression of LC3A in
TUNEL staining for ovarian tissues. Compared with the Control.t € grapulosa cells of the antral and cystic folllcles. wasaglel .
group, the antral follicles, but not the secondary foIIicIes,'mmed'atelyaﬂerCUNIS and {atthe end of the qxpenment, which
from CUMS group demonstrated a high number of apoptoticWas restored by treatment _W'th XYS, howeveig(ire 7A). On
granulosa cellsRigure 6A). On the other hand, less TUNEL the other hand, the conversion of LC3A-I to LC3A-Il and LQSB-
positive cells were observed in the antral follicles from ratétO LC?’B'”. was mcrgaseo! as well at the end of the experiment,
after XYS post-treatment. A quantitative assessment cordm although this conversion did not change (LC?’_A'l fo LC3A4)

this result showing that the number of TUNEL positive cellsSVen decreased (L_C“Q’B'l to LC3B-Il) |mmed|ately after .CU.MS'
signi cantly increased immediately after CUMS challenget b N_evgrtheless, the increased conversion of LC3 was inbibite
decreased spontaneously at the end of the experiment, Sign cantly by post-treatment with XYSHgures 78,G.

process that was signi cantly accelerated by treatment wit i

XYS Figure 6B). In line with this result, Western blot analysis B(YS Inhibits the Autop_hag_y of Granulosa

revealed that the ratio of Bax and Bcl-2 and the expression &:ells Induced by NE in ,Vmo )

cleaved caspase-3 varied among groups in a similar manner Ig;sorder to explore whether the increased NE level in serum and

that for TUNEL positive cellsfigures 6C,D. ovarian tissue induced by CUMS contributes to the autophagy
’ of granulosa cells and the protective e ect of XYS, we examined
XYS Inhibits the Autophagy of Granulosa the expression and localization of LC3 in granulosa éelistro

. . ) by immuno uorescence staining. As shown Figure 8A, NE
Cells in the Antral and Cystic Follicles evoked an increase in the expression of LC3 in the cytoplasm
Induced by CUMS of granulosa cells as compared with Control group, which was
As an autophagy-related protein, LC3 is widely used as arelieved by post-treatment with rat serum containing XY®{1.
autophagosome marker in mammalian cellslionsky et al., g/kg). The results of western blot analysis also con rmed &
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FIGURE 7 | Effect of XYS post-treatment on the autophagy of granulosaells in ovarian tissue(A) Representative immuno uorescence confocal images of primalial
follicles (1), primary follicles (2), secondary follicl¢3), antral follicles (4), enlarged images of antral foléis (5), cystic follicles (6), and enlarged images of cystollicles
(7) in Control(a), CUMS (b), CUMSCNS (c), CUMSCXYS (0.505 g/kg)(d), and CUMSCXYS (1.01 g/kg)(e) group, respectively. F, follicular antrum. The sections we
immunochemically stained for LC3A (green) and nuclei (blugB) Western blot for the expression of LC3A in different groups ith the quanti cation of LC3A showing
below. (C) Western blot for the expression of LC3B in different groups ith the quanti cation of LC3B showing below. Results are preented as mean SE.* < 0.05
vs. Control group;# P < 0.05 vs. CUMS group;TP < 0.05 vs. CUMSCNS group, n D 4.

caused an elevated conversion of LC3A-I to LC3A-Il and LE3B-XY'S Reduces the Increases Level of D bH

to LC3B-Il in cultured granulosa cell&igures 8B,G, whichwas gnd c-fos in Locus Coeruleus

inhibited by post-treatment with rat serum containing XYSA1  sjnce locus coeruleus is the principal site for brain synthesi
g/kg). noradrenaline, we thus detectedB, the rate-limiting enzyme

. of NE synthesis, and c-fos protein, a marker of neuron agtjvit
AKUMTOR/SEK | Pathway Is Involved in the locus coeruleus by immunohistochemistry and Western bolt. As

Alleviative Effect of XYS on the Autophagy shown inFigure 1Q the expression of BH and c-fos in locus
of Granulosa Cells Induced by CUMS coeruleus increased signi cantly at the end of the experitnen
in Vivo and by NE in Vitro which was protected by post-treatment of XYS (1.01 g/kg),

The mTOR pathway is known as a major suppressing S,gnéndmatmg the potential of XYS to regulate the activity of
of autophagy induction, which can be activated by PI3K/AktSympathetic nervous system.

signaling (i et al., 2009; Qin et al., 20)LMoreover, both mTOR

and PI3K/Akt pathway participate in the regulation of follicle DISCUSSION

development $obino et al., 201R Thus, Western blot analysis

was undertaken to assess the expression and phosphorylationTife present study demonstrated that CUMS caused follicle
S6K | and Akt in ovarian tissues as well as in cultured grasallo development abnormality, endocrine disturbance, irregular
cells from dierent groups. The results revealed that CUMSestrous cycles, increased apoptosis and autophagy in granulos
induced a decrease in phosphorylation of S6K | and Akt ircells, along with an elevated NE level in plasma and ovary and
ovarian tissuesKigures 9A,B, which was blunted signi cantly activation of locus coeruleus. All the manifestations eyeérin

by post-treatment with XYS, suggesting the involvement ofesponse to CUMS challenge were relieved by treatment with
Akt/mTOR/S6K | pathway in attenuating e ect of XYS on XYS, suggesting XYS as an option for treatment of follicles
autophagy of ovarian tissues induced by CUMS. A similar resutievelopment abnormality in clinics, and highlighting the kele

was observeith vitro in cultured granulosa cells exposed to NEof NE in the mechanism behind the e ect of XYS.

(Figures 9C,D, hinting the key role of NE in CUMS challenge  Follicle development abnormality, a condition that
and the mechanism behind the e ect of XYS. frequently occurs in polycystic ovary syndrome, accounts
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FIGURE 8 | Effect of XYS post-treatment on the autophagy of cultured gmulosa cells.(A) Representative immuno uorescence confocal images of granlesa cells in
Control (a), NE (b), NECNS (c), and NECXYS (1.01 g/kg)(d) group, respectively. The upper panel (1) is low magni catioof the images, the areas inside the rectangle
are shown in the lower penal (2) at high magni cation. The seins were immunochemically stained for LC3A (green) and niei (blue).(B) Western blot for the
expression of LC3A in different groups with the quanti catia of LC3A showing below.(C) Western blot for the expression of LC3B in different groups ith the
quanti cation of LC3B showing below. Results are presented a mean  SE. *° < 0.05 vs. Control group; *P < 0.05 vs. NE group,n D 4.

FIGURE 9 | Effect of XYS post-treatment on the phosphorylation of S6Kand Akt in ovarian tissue and cultured granulosa cell{A) Western blot for the
phosphorylation of S6K | in ovarian tissue from different gups with the quanti cation of phosphorylation of S6K | showig below. (B) Western blot for the
phosphorylation of Akt in ovarian tissue from different gugs with the quanti cation of phosphorylation of Akt showingbelow. (C) Western blot for the phosphorylation
of S6K I in cultured granulosa cells from different groups Wi the quanti cation of phosphorylation of S6K | showing belav. (D) Western blot for the phosphorylation of
Akt in cultured granulosa cells from different groups withhie quanti cation of phosphorylation of Akt showing below. Reults are presented as mean SE. *P < 0.05
vs. Control group;# P < 0.05vs. CUMS group;fP < 0.05 vs. CUMSCNS group; *P< 0.05vs. NE group;& P < 0.05 vs. NECNS group, n D 4.
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FIGURE 10 | Effect of XYS post-treatment on expression of BH and c-fos in locus coeruleus.(A) Representative immuno uorescence confocal images of locus
coeruleus in Control(a), CUMS (b), CUMSCNS (c), CUMSCXYS (0.505 g/kg)(d), and CUMSCXYS (1.01 g/kg)(e) group, respectively. The upper panel (1) is low
magni cation of the images, the areas inside the rectangle @& shown in the lower penal (2) at high magni cation. The sectits were immunochemically stained for
DbH (green) and nuclei (blue)B) Western blot for the expression of BH in locus coeruleus of different groups with the quanti catin of DbH showing below. (C)
Representative immuno uorescence confocal images of locugoeruleus in Control(f), CUMS (g), CUMSCNS (h), CUMSCXYS (0.505 g/kg)(i), and CUMSCXYS
(1.01 g/kg) (j) group, respectively. The upper panel (1) is low magni cationf the images, the areas inside the rectangle are shown in thiewer penal (2) at high
magni cation. The sections were immunochemically staineddr c-fos (green) and nuclei (blue)D) Western blot for the expression of c-fos in locus coeruleus o
different groups with the quanti cation of c-fos showing bebw. Results are presented as mean SE. *P < 0.05 vs. Control group; TP < 0.05 vs. CUMSCNS group,
nD 4.

for a considerable proportion of female infertility. The diégd  follicle development abnormality after CUMS, highly suggesti
mechanism underlying follicle development disorder is nota likely implication of granulosa cells in the improving e ect of
fully understood, howeverGhang and Andersen, 20).3The  XYS on aberrant follicles.
present study found that CUMS successively induced follicle Previous studies demonstrated that chronic stress eldvhé&
development abnormality in rat, providing an animal modelsympathetic nerve activity, increased the synthesis arehsel
of follicle development abnormality, which may contribute of NE in the ovary [ara et al., 1993; Paredes et al., 1998;
to understanding the mechanism of this abnormality andDorfman et al., 2003 and impacted the follicle development
development of remedy to deal with it. and hormone secretionAcuna et al., 2009; Luna et al., 212
The granulosa cells are well recognized as a critical play&foreover, beta adrenergic receptor agonist isoproterenol has
in the development of follicles. The granulosa cells produckeen reported to cause polycystic ovary in adult rats, and ¢fe-b
estradiol, insulin-like growth factor and other cytokinesthe  blocker propranolol can prevent the formation of cystic folisl
ovary, and express the receptors for hormones such as ediradioduced by isoproterenol and ameliorate the follicle develeptn
follicle stimulating hormone, luteinizing hormonéijengel etal., and hormone secretionHernandois et al., 20).2The results
2006, which participate in the regulation of follicle development.of the present study are consistent with the results above, and
It is thus anticipated that any impairment of granulosa cellsprovide some further detail of the dynamic change of NE and
will results in disordered follicle development. Consisteith ~ beta adrenergic receptor in ovary in response to stress. Wredfou
this notion, we observed an increased apoptosis and autophathyat NE in ovary increased immediately after CUMS but retune
in the granulosa cells after CUMS stimulation, accompanyingo normal at the end of the experiment, while NE in plasma
with a decreased level of estradiol and progesterone in plasm@&mained unchanged immediately after CUMS but increased
indicating that granulosa cells were impaired by CUMSsigni cantly atthe end of the experiment. These results intpbt
Importantly, XYS restored these disorders meanwhile atedi  NE increased in ovary in response to the stress and then edeas
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to plasma. Interestingly, it appears tha2R in ovary increased Nevertheless, this study has some limitations. Firstly, we
immediately after CUMS and further increased over time. Take con rmed the key role of NE in triggering follicle developmen
together, these results suggest that although the CUM®#&sed  disorders and demonstrated the potential of XYS to counterac
NE concentration in ovary returned to normal over time, thethe NE e ect by targeting both granulosa cells and locus
responsiveness of ovary to NE increased due to the incre&e in coeruleus. However, the exact mechanism there by XYS exerts
in plasma and the expression b2R in ovary. Nevertheless, the e ect needs to be clari ed by further studies, particularly fs
increase in both plasma NE and ovd®R was protected by XYS e ect on locus coeruleus. Secondly, XYS is a compound Chinese
treatment. There are at least two ways in which XYS may iaeterf medicine containing multiple components. More studies are
in the e ect of NE on ovary. One is to a ect ovary directly to required to identify the component (s) responsible for the dsc
intervene the interaction between NE and its receptors or thebserved. Finally, follicle development is a complex process th
downstream signaling, and the otheristo a ectthe noradmgie is regulated by a spectrum of hormones, which are produced
neurons that innervate ovary. in di erent type of cells in follicles including granulosa czll
In the present study, the rst possibility was tested by usingheca cells, and oocyte. The present study focused on the role
cultured granulosa cells, in view of the critical importanae of granulosa cells in initiation of follicle development dider
these cells in regulation of follicle development and ocence and the e ect of XYS on this process. Whether other type of cells
of programmed cell death in response to CUMS observed iof follicles are implicated in the events concerned is not céar
thein vivo experiment. The results showed that exposure to Nipresent.
led to not only an increased autophagy in cultured granulosa In conclusion, this study demonstrated that XYS ameliorated
cells but also a decreased activation of AKT and S6K I, theUMS-induced follicle development abnormalities, and the
pathways that are known to regulate negatively the autophagyhibition of elevated NE release ab@R expression contributes
and apoptosisl(evine and Kroemer, 2098Importantly, both  to the therapeutic e ect of XYS.
the increase in autophagy and decrease in activation of AKT
and S6K | after NE exposure were restored by XYS, suggestipgg THOR CONTRIBUTIONS
a direct impact of XYS on follicles by targeting AKT and S6K |
pathways. HS performed the research, analyzed the data and wrote the
We next tested the likely involvement of locus coeruleus irmanuscript; QL and YL contributed to animal experiments;
the e ect of XYS on follicle development disorder after CUMS.XW contributed to immunochemistry analysis and cell culture;
Locus coeruleus is a cluster of noradrenergic neurons in thep contributes to other experiments. JF and JH revised the
brain, which mediates the responses to stress and the functiananuscript; JH designed and funded the research, interpréied t
of hypothalamus-pituitary $zabadi, 20)3 Particularly, locus data and nally approved the submission of this manuscript. Al
coeruleus is synaptically connected to the preganglionit ceiuthors have read and agreed with the manuscript.
bodies of the ovarian sympathetic pathwajg(celo et al., 2008
As expected, CUMS caused activation of locus coeruleus, ACKNOWLEDGMENTS
indicated by the increased expression diHDand c-fos. XYS
treatment protected the activation of locus coeruleus by CUMSThis work was supported by the Production of New Medicine
suggesting locus coeruleus as one of the targets that XS aptogram of Ministry of Science and Technology of the People's
to attenuate the stress-elicited elevation of NE and theltast  Republic of China [2013Z2X09402202] and State Key Laboratory

follicle development disorders. of Core Technology in Innovative Chinese Medicine [20170034
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