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ABSTRACT To investigate the impact of total fla-
vonoids of Epimedium (TFE) on the development of
follicles of laying hens, 3 types of follicles including pri-
mary, prehierarchical, and preovulatory follicles were
selected to obtain the follicular granulosa cells cultured
in wvitro. First, extraction of TFE was conducted by
alcohol-soluble and ultrasonic methods. The effects of
TFE on activity and proliferation of follicular granulosa
cells were detected by 3-(4,5-dimethylthiazol-2-y1)-2,5-
diphenyltetrazolium bromide assay and measuring the
expression of proliferating cell nuclear antigen mRNA
through real-time quantitative polymerase chain reac-
tion, and the expression of the follicle-stimulating
hormone receptor, luteinizing hormone receptor, ste-
roidogenic acute regulatory protein, and cytochrome
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INTRODUCTION

The cyclic recruitment of a follicle in the laying hen’s
ovary represents such a process that a single follicle is
selected to enter the rapid growth phase and undergo
final maturation before ovulation (Johnson and Lee,
2016). Primordial follicles in chicken ovary are activated
and then develop into growing follicles to form primary,
prehierarchical, and preovulatory follicles (Lin et al.,
2019). The prehierarchical follicles contain small
white follicles (2-4 mm in diameter), large white follicles
(4-6 mm in diameter), and small yellow follicles (6-8 mm
in diameter). Small white follicles start to accumulate yel-
low yolk and are selected and enter the preovulatory
phase when the follicles grow rapidly and reach an enor-
mous size (Lin et al., 2019) to form preovulatory
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P450 family 11 subfamily A member 1 mRNA was
detected to study the functions of TFE affecting the
differentiation and hormone secretion by granulosa cells.
The results showed that TFE significantly improved the
proliferation of 3 types of granulosa cells and promoted
the differentiation of granulosa cells and accelerated the
conversion of primary follicles to prehierarchical follicles.
Total flavonoids of Epimedium played an important role
in promoting progesterone secretion by prehierarchical
and preovulatory granulosa cells. The results indicated
that TFE could promote proliferation and differentiation
of follicular granulosa cells and improve hormone secre-
tion and follicle development, which provided reference
data for TFE used as a feed additive or safe Chinese
veterinary medicine to promote the laying rate.

follicular granulosa cell, proliferation and differentiation
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follicules. Preovulatory follicles are arranged and main-
tained in a size hierarchy. A follicle in chicken ovary con-
tains germ cells (oocyte) in the center and 2 types of
somatic cells (theca cells and granulosa cells) in the outer
layers. The outer thecal layer is usually separated from
the inner granulosa cells by a basement membrane (van
Montfoort et al., 2014). Synthesis of steroid hormones
mainly occurs in theca cells and granulosa cells (Huang
et al., 2013). Interaction exists between the 2 types of
somatic cells and between the somatic cells and the
oocyte until ovulation.

Synthesis of sex steroids by embryonic gonads in avian
species is regulated by luteinizing hormone (LH) and
follicle-stimulating hormone (FSH) (Grzegorzewska
et al., 2009). Follicle-stimulating hormone is the main
hormone promoting follicular growth, development,
and maturation. The follicle-stimulating hormone recep-
tor (FSHR) plays a central role in promoting follicle
maturation through the FSH-mediated cAMP pathway
in animals (Xia et al., 2020). Studies have revealed that
there are FSHR gene mRNAs in prehierarchical follicles.
When the expression level of FSHR is increased, it is an
important marker for particle cell differentiation,
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selection of dominant follicles, and establishment of hier-
archy (Johnson 2015; Ghanem and Johnson, 2018).
When high levels of luteinizing hormone receptor
(LHR) are expressed in prehierarchical follicles, the pre-
hierarchical follicles are about to become preovulatory
follicles, which induce synthesis of progesterone. The
granulosa cells stimulated initially by FSH and next by
LH start to express a steroidogenic acute regulatory pro-
tein (StAR) and cytochrome P450 family 11 subfamily A
member 1 (CYP11A1) (Johnson and Bridgham, 2001;
Johnson and Woods, 2009; Sechman et al., 2014). Dur-
ing the synthesis of progesterone, free cholesterol is
transported into the inner membrane from the outer
membrane of mitochondria by StAR (Stocco, 2001).
Then, under the action of CYP11A1, cholesterol is con-
verted into pregnenolone (Guo et al., 2007; Fiedler et al.,
2008), and finally, pregnenolone is converted into pro-
gesterone under the action of 3B-hydroxysteroid dehy-
drogenase (Kazeto et al., 2003). Both StAR and
CYP11A1 are expressed in prehierarchical follicular
granulosa cells in chicken ovary.

The egg production rate is directly related to the eco-
nomic benefits of farmers, and the residues of hormone
drugs in eggs are directly related to human health, the
Chinese herbal medicines were selected to improving
laying rate for their safety and minor side effects.

Epimedium is a genus of about 52 species of plants in
the family Berberidaceae (Ma et al., 2011). Epimedium is
one of the most famous herbal resources frequently used
as an aphrodisiac, tonic, and antirheumatic in China for
over 2000 yr (Zhang et al., 2008, 2013). This herbal med-
icine is used in China, Japan, and Korea (Ma et al., 2011)
for curing reproductive diseases both in male and female
animals (Zhang et al., 2005). The main components of
Epimedium include herba icariin, herba icariin B, herba
icariin C, and total flavonoids (Liang et al., 2012; Zhang
et al., 2013). In the Chinese pharmacopoeia, content of
total flavonoids is considered an index of quality of Epi-
medium (Zhang et al., 2013).

Many plants of the Epimedium species have been
proven to possess therapeutic efficacy on sexual dysfunc-
tion and osteoporosis (Zhang et al., 2013; Li et al., 2018).
More than 260 compounds have been isolated from Epi-
medium; among them, total flavonoids are the major
constituents possessing wide pharmacological proper-
ties, especially in strengthening Kidney Yang
(enhancing reproductive function) (Ma et al., 2011). Tt
is widely used for the treatment of impotence (Huang
et al., 2013), osteoporosis (Xu et al., 2016), immunosup-
pression (Fan et al, 2015), cardiovascular diseases
(Tnokuchi et al., 1984; Zhang et al., 2005; Johnson and
Woods, 2009), and cancer (Zhang et al., 2005). The total
flavonoids of Epimedium (TFE) play a role such as that
of estrogen in improving the coefficient of uterine weight
and making the endometrium thick in ovariectomized
mice (Wang et al., 2012). Total flavonoids of Epimedium
effectively reduce DNA oxidative damage in the testis of
aging rats (Zhao et al., 2017). Total flavonoids of Epime-
dium exert beneficially protective effects on the damage
of the reproductive system male mice and reduce
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apoptosis in spermatogenic cells (Yuan et al., 2014).
The extraction methods of TFE include ultrasonic
extraction, microwave extraction, alkali solution extrac-
tion, hot water extraction, organic solvent extraction,
and supercritical fluid extraction (Li et al., 2014).
Compared with the hot water extraction method, ultra-
sonic extraction reduced extraction time, extraction
temperature, and solvent consumption (Zhang et al.,
2009).

According to the existing data, the most rapid prolif-
eration period of follicular granulosa cells is the primary
follicular stage. After reaching the prehierarchical follic-
ular stage, the proliferation of granulosa cells in most fol-
licles slows down (Sharum et al., 2017). The proliferating
cell nuclear antigen (PCNA) and apoptosis regulator
Bax gene expression had significant effects on primary
follicular granulosa cells (Gupta et al., 2015; Dai et al.,
2016). The previous studies demonstrated that TFE
could improve the reproductive performance and pro-
mote the secretion of endogenous estrogen in laying
hens (Huo et al., 2018); however, the mechanism of
TFE promoting follicular development is unknown. To
reveal the impacts of TFE on follicles, 3 types of granu-
losa cells of the ovary were cultured, and FSHR, LHR,
StAR, and CYP11A1 genes were used as differentiation
markers of prehierarchical and preovulatory follicular
granulosa cells. The PCNA gene was used as a prolifera-
tion marker for primary follicular granulosa cells to
reveal the functions of TFE on the development of gran-
ulosa cells. The research will provide reference data for
TFE used as a feed additive or safe Chinese veterinary
medicine to improve the egg production rate.

MATERIALS AND METHODS

Extraction and Determination of TFE

First, Epimedium was ground into powder, and then,
65% ethanol aqueous solution was added in the ratio of
1:30, and the resultant was left for 60 min at room tem-
perature. The active components of Epimedium were
extracted by the ultrasonic method using an ultrasonic
purifying device operated at 200 W power at 60 °C for
60 min. The solution was filtered using a filter paper
and then concentrated to 1 mg/mL using a rotary evap-
orator at 80°C. The concentrate was extracted using pe-
troleum ether, and the sediment was preserved at 4°C.

The quantitative analysis of TFE was conducted by
colorimetry at 496 nm, using rutin as the reference and
aluminum nitrate as the chromogenic agent (Guo and
Zhang, 2019). Two milligrams of rutin standard prod-
ucts was added with 25 mL of 95% ethanol and then
diluted to 0.04 mg/mL, 0.02 mg/mL, 0.01 mg/mL, and
0.005 mg/mL. Total flavonoid content was determined
by the spectrophotometric method using rutin as the
standard sample. One milliliter of 5% sodium nitrite so-
lution was added to all samples, and the resultant was
shaken and left for 6 min at room temperature; then,
1.0 mL of 10% aluminum nitrate solution was added,
and the resultant was shaken and placed for 6 min;
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finally, 10.0 mL of 4% sodium hydroxide solution was
added, and the resultant was shaken and placed for
12 min. The solution without samples was used as the
blank reference. The absorbance was measured at
510 nm.

Culture and Grouping of Follicular
Granulosa Cells

This research on live animals complies with guidelines
approved by the institutional animal care and use com-
mittee. Healthy 200-day-old Hy-Line brown laying
hens (provided by Dingnong Corporation of Hebei,
Baoding, China) were killed by cardiopuncturing. The
ovaries were taken out under aseptic conditions; then,
primary follicles (0.8-2 mm in diameter), prehierarchical
follicles (6—8 mm in diameter), and preovulatory follicles
(10-40 mm in diameter) were collected from hens based
on their different sizes (Johnson and Woods, 2007; Lin
et al., 2019). Layers of the granulosa cells in 3 types of
follicles were separated from follicular theca in cold
phosphate-buffered saline (HyClone; Gibco BRL,
Bethesda, MD) using sterile needles. The granulosa cells
were suspended in 0.1% collagenase IT at 37°C for 30 min
by gentle agitation in a constant-temperature shaker;
then, serum-containing culture fluid was added to termi-
nate the digestion and filtered using a 200-mesh sieve.
After centrifugation, the granulosa cells were washed
twice with a serum-free medium and then suspended in
Dulbecco’s Modified Eagle Medium (Gibco BRL,
Bethesda, MD) with 10% fetal bovine serum and subse-
quently placed in Petri dishes or 96-well plates at a den-
sity of 1 X 10° cells/mL. The viable cells were estimated
using trypan blue. The cells were cultured at 39°C in a
water-saturated atmosphere of 95% air and 5% COs.
The granulosa cells of 3 types of follicles were divided
into the control group and experimental groups. After
24 h of incubation in the culture medium, the cells
were washed twice with a serum-free medium and then
treated with different doses of TFE (10_27 10727,
1073%,107*%,107°, and 10~ ° mg/mL) and human chori-
onic gonadotropin (hCG) (1 IU/mL) for 24 h. At the end
of incubation, the granulosa cells and supernatant frac-
tion were collected from the plates and used for polymer-
ase chain reaction (PCR) and determination of
progesterone levels.
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Growth and Viability of Granulosa Cells

Granulosa cells from the primary follicles
(1 X 10° cells/mL) were placed in 96-well culture plates.
After 24 h of incubation in Dulbecco’s Modified Eagle Me-
dium with 10% fetal bovine serum, the culture medium
was changed with phenol red—free and serum-free me-
dium; the control group was treated with phosphate-
buffered saline, and the other groups were treated with
different doses of TFE for 24 h. At the end of incubation,
the morphology and growth condition of granulosa cells in
different groups were observed under inverted light micro-
copy; then, the culture medium was filtered out, and the
granulosa cells were treated with 5 mg/ml of 3-(4,5-
dimethylthiazol-2-y1)-2,5-diphenyltetrazolium  bromide
at a density of 20 ul/well for 4 h; then, 180 pL of dimethyl
sulphoxide was added, and the resultant was incubated at
37°C in a constant-temperature shaker for 30 min. The
absorbance of the converted dye was measured at a wave-
length of 570 nm, with a background subtraction at
650 nm (Wang et al., 2010).

Granulosa cells (1 X 10° cells/mL) from the primary,
prehierarchical, and preovulatory follicles were treated
with TFE. After 12 h of incubation with the culture me-
dium, the cells were observed and photographed using
an inverted microscope and then were detached from
the Petri dish and counted using a blood count board.

Expression of PCNA, FSHR, LHR, StAR, and
CYP11A1 mRNA in Granulosa Cells

Granulosa cells were scraped from culture dishes at the
end of incubation. The total RNA was extracted using
the Trizol reagent of a commercial RNA assay kit ob-
tained from Invitrogen (Carlsbad, California), according
to the manufacturer’s instructions. One millileter of Tri-
zol reagent and 200 pl of chloroform were added to gran-
ulosa cells with sufficient mixing; after standing on ice for
10 min, the mixture was centrifuged at 12,000 X g for
15 min at 4°C. An equal volume of isopropanol was added
to the supernatant and centrifuged at 12,000 X g for
15 min at 4°C. The precipitate was washed using 1 mL
of 75% ethanol and centrifuged at 10,000 X g for
5 min at 4°C. Twenty microliter of RNase-free water
was added to dissolve the total RNA, and then, the total
RNA concentration was measured using an ultraviolet

Table 1. Primers used for detection of the follicle-stimulating hormone receptor (FSHR) and luteinizing hormone
receptor (LHR) gene by reverse transcription polymerase chain reaction.

Amplicon Annealing
Gene Primer sequences size (bp) temperature (°C) Accession number
B-actin-F" ACGTCGCACTGGATTTCGAG 282 58 NM_ 205518.1
B-actin-R? TGTCAGCAATGCCAGGGTAC
FSHR-F* AAGAGCGAGGTCTACATACA 414 52 XM_025148544.1
FSHR-R' GTGGTGTTCCCAGTGATAG
LHR-F” GCTGCTCATTGCTTCGG 713 54 U92082.1
LHR-R’ GCTCTGCTCGGCTCTTAC

}’QRefers to the forward primer and reverse primer of beta-actin (B-actin, a housekeeping gene used as a control for normalization).
‘f"lilndicates the forward primer and reverse primer of the FSHR.
5SIndicates the forward primer and reverse primer of the LHR.
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Table 2. Primers used for detection of proliferating cell nuclear antigen (PCNA), steroidogenic acute regulatory protein (StAR),
and cytochrome P450 family 11 subfamily A member 1 (CYP11A1) gene by real-time quantitative polymerase chain reaction.

Amplicon Annealing
Gene Primer sequences size (bp) temperature (°C) Accession number
GAPDH-F' ACGTCGCACTGGATTTCGAG 82 60 NM_ 204305
GAPDH-R’ TGTCAGCAATGCCAGGGTAC
PCNA-F? GCAGATGTTCCTCTCGTTGTGGAG 95 60 NM_ 204170.2
PCNA-R! GAGCCTTCCTGCTGGTCTTCAATC
StAR-F’ CGCTGCCATCTCCTACCAACAC 197 60 NM_ 204686.2
StAR-R® AGGACATCTCCATCTCGCTGAAGG
CYP11A1-F" CCGCCACCTCAACACCAAGAC 157 60 NM_001001756.1
CYP11A1-R® CACAAGGAGGCTGAAGAGGATGC

12Refers to the forward primer and reverse primer glyceraldehyde phosphate dehydrogenase (GAPDH; a housekeeping gene used as a control

for normalization).
3 ndicates the forward primer and reverse primer of PCNA.
5SIndicates the forward primer and reverse primer of StAR.
"®Indicates the forward primer and reverse primer of CYP11A1.

spectrophotometer. Reverse transcription was performed
using 25 uL of the reaction mixtures containing 10 pL of
total RNA extraction solution, 2 pL of Olig (dT), 2 puL of
RNase inhibitor, 5 uL of ANTPs, 5 pL of 5X M-MLV
buffer, and 1 pl. of M-MLV reverse transcriptase, and
cDNA was synthesized at 42°C for 1 h.

Expression of FSHR and LHR was detected by reverse
transcription PCR. The process was performed using
25 pL of the reaction mixtures containing 2 pL of
c¢DNA, 0.5 puL of forward and reverse primer (Sangon
Biotech [Shanghai] company, Shanghai, China, see
Table 1), 10 X 2.5 pL of buffer, 2 uL. of dNTPs,
0.5 pL of Taqase, and 17 puL of HyO. The PCR reaction
process of this study was conducted under the following
cycling conditions: predenaturation at 94°C for 2 min;
amplification for 35 cycles with denaturation at 94°C
for 1 min; annealing at the same temperature for
1 min; extension at 65°C for 1 min; followed by a final
extension at 72°C for 5 min (Joensuu, 1990; Mowa and
Twanaga, 2000). Then, in accordance with the conven-
tional method, the PCR products were electrophoresed
and photographed using a gelatin imager, and the results
were observed and calculated to determine the relative
value of the target band to beta-actin using an Alphalm-
ager 2200 device acquired from Alpha Innotech Corpora-
tion of San Leandro, California.
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Figure 1. The relation curves of optical density value and total flavo-
noids of Epimedium concentration of rutin. The drafting of total flavo-
noids of Epimedium standard curves was using rutin as the standard
sample; the absorbance measurement was determined at 496 nm.

Expression of PCNA, StAR, and CYP11Al was
detected by real-time quantitative PCR (g-PCR). The
q-PCR was conducted using a fluorescence ration PCR
instrument (CFX96, Bio-Rad, CA). The ¢-PCR reaction
process was performed using 25 pL of the reaction mix-
tures containing 12.5 pl of 2 X M5 Hiper SYBR Premix
Es Taq (Mei5 Biotechnology, Beijing, China), 0.5 uL of
each forward and reverse primer (Table 2), 2 uL of
c¢DNA, and 9.5 pLL of ddH,O, according to the following
program: 95°C for 3 min; 95°C for 5 s, and 60°C for 30 s
for 40 cycles. Melting curves were used to confirm the
specificity of each product; the PCR efficiency was close
to 100%, allowing the use of the 272" method for the
calculation of relative gene expression levels (Zhao
et al., 2018). All samples were amplified in triplicate,
and the data were normalized to glyceraldehyde phos-
phate dehydrogenase expression.

Determination of Progesterone Secreted by
Granulosa Cells

A volume of 0.1 mL of the culture medium from each
group was taken from 60 X 60 cell culture dishes at
different times (1, 4, 8, and 12 h) after 1% TFE was
added and stored at —20°C for detection. Progesterone
hormone was detected using the enzyme immunoassay
kit of chicken progesterone (MLBIO, Shanghai, China)
in the enzyme-linked immunosorbent assay instrument.
All procedures were conducted according to the manu-
facturer’s protocol.

Table 3. Effects of different concentrations of total flavonoids of
Epimedium on the viability of primary follicular granulosa cells.

Total flavonoids
of Epimedium

concentration (mg/mL) Optical density value

Control (0) 0.42 = 0.024%*
10°° 0.40 = 0.012%2
- 0.49 * 0.014*"

10745 0.58 + 0.0035°¢
10735 0.70 + 0.014°
10729 1.17 + 0.0152°
1072 1.08 * 0.008"

2PCIndicates significant differences (P <0.05) (n = 3).
ABCDENfeans extremely significant differences (P <0.01) (n = 3).
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Figure 2. The effects of total flavonoids of Epimedium on the proliferation of granulosa cells from primary, prehierarchical and preovulatory
follicles. (A, B) Control and experimental group of primary follicular granulosa cells; (C, D) control and experimental group of prehierarchical follicular
granulosa cells; (E, F) control and experimental group of preovulatory follicular granulosa cells.

Data Analysis

All the experiments were repeated at least 3 times, and
the results were expressed as means *+ SE. Statistical ana-
lyses were performed using the SPSS software package
version 11.5 (SPSS Inc., Chicago, IL). All data were
analyzed using one-way analysis of variance to determine
the differences among the groups. In the study, the groups
were considered significantly difference if P < 0.05.

RESULTS

Standard Curve of Rutin and Concentration
of Total Flavonoids

According to the relation curves of optical density and
TFE concentration of rutin (Figure 1), the linear regres-
sion equation of absorbance y and concentration x is
y = 14.064x + 0.0004, R* = 0.9994. The average optical
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Figure 3. The effects of total flavonoids of Epimedium on the prolif-
eration of granulosa cells from primary, prehierarchical, and preovula-
tory follicles (n = 3). The proliferation of the 3 types of follicular
granulosa cells extremely significant differences (***P < 0.001). The
control group was treated with phosphate-buffered saline. The total fla-
vonoids of Epimedium group was treated with total flavonoids of Epime-
dium (5 X 10~ mg/mL, diluted by phosphate-buffered saline).

density value of Epimedium-extracted solution was
brought into the linear regression equation to calculate
the concentration. The result was 16.5 = 0.32 mg/mL.

Effect of Different Concentration of TFE on
the Viability of Primary Follicular Granulosa
Cells

The effect of different doses of TFE on the viability of
primary follicular granulosa cells was determined by 3-
(4,5-dimethylthiazol-2-y1)-2,5-diphenyltetrazolium bro-
mide assay. The viability of granulosa cells was improved
with increase in the concentration of TFE. The most
effective concentration of TFE acting on granulosa cell
proliferation was 5 X 10~ mg/mL (Table 3).

Effects of TFE on the Proliferation of Three
Types of Granulosa Cells

Granulosa cells from the primary, prehierarchical, and
preovulatory  follicles were treated with TFE

1 2 3 4 5 6 7 8 9 10 11 12 13

Figure 4. The expression of follicle-stimulating hormone receptor
and luteinizing hormone receptor mRNA in prehierarchical and preovu-
latory follicular granulosa cells by reverse transcription polymerase
chain reaction. 'DL2000 marker; > *polymerase chain reaction products
of beta-actin in prehierarchical follicles of the control and experimental
group; * Spolymerase chain reaction products of the follicle-stimulating
hormone receptor in prehierarchical follicles of the control and experi-
mental group; ¢ “polymerase chain reaction products of the luteinizing
hormone receptor in prehierarchical follicles of the control and experi-
mental group; ® °polymerase chain reaction products of beta-actin in
preovulatory follicles of the control and experimental group; 10, 11
merase chain reaction products of the follicle-stimulating hormone re-
ceptor lQirl}{ preovulatory follicles of the control and experimental
group;  polymerase chain reaction products of the luteinizing hormone
receptor in preovulatory follicles of the control and experimental group.
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(5 X 107% mg/mL) for 12 h. The proliferation of the 3
types of follicular granulosa cells was significantly
enhanced compared with the control group (P < 0.001).
Theresults proved the actions of TFE enhancing the prolif-
eration of granulosa cells (Figures 2, 3).

Effects of TFE on the Expression of FSHR
and LHR mRNA in Follicular Granulosa
Cells From Prehierarchical and
Preovulatory Follicles

The results showed that TFE had no effects on the
expression of FSHR and LHR mRNA of granulosa cells
both in prehierarchical follicles and preovulatory follicles
(Figures 4, 5), although the expression of FSHR mRNA
reduced from prehierarchical follicles to preovulatory fol-
licles. The results implied that effects on follicular gran-

ulosa cells were not dependent on the expression of
FSHR and LHR.
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Figure 5. The expression of follicle-stimulating hormone receptor
and luteinizing hormone receptor mRNA in prehierarchical and preovu-
latory follicular granulosa cells by reverse transcription polymerase
chain reaction. No asterisk indicates no significant differences
between the control and total flavonoids of FEpimedium group
(P>0.05) (n = 3). Expression of follicle-stimulating hormone receptor
and luteinizing hormone receptor mRNA of granulosa cells in prehier-
archical follicles and preovulatory follicles.
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Table 4. Effects of total flavonoids of Epimedium on the expression
of proliferating cell nuclear antigen (PCNA), steroidogenic acute
regulatory protein (StAR), and cytochrome P450 family 11 sub-
family A member 1 (CYP11A1l) mRNA in primary follicular
granulosa cells.

Total flavonoids

Gene Control of Epimedium
PCNA 1.00 * 0.10% 2.17 + 0.13"
StAR 1.00 + 0.09* 2.71 + 0.10"
CYP11A1 1.01 * 0.14% 2.80 * 0.44"

ABMeans extremely significant differences (P < 0.01) (n = 3).

Effects of TFE on the Expression of PCNA,
StAR, and CYP11A1 mRNA in Granulosa
Cells

The results showed that the relative value of PCNA
mRNA to glyceraldehyde phosphate dehydrogenase of
the TFE group was higher than that of the control group
in granulosa cells of primary follicles (P < 0.01)
(Table 4), the expression of SSAR mRNA of the TFE
group was significantly improved both in prehierarchical
and preovulatory follicular granulosa cells, and the
expression of CYP11A1 mRNA was also extremely
improved in the TFE group (P < 0.01) (Table 5). The
results indicated that TFE could improve the prolifera-
tion of primary follicular granulosa cells and improve
the differentiation of granulosa cells in prehierarchical
and preovulatory follicles.

Effects of TFE on the Progesterone
Secretion by Granulosa Cells

The results showed that TFE and hCG had no effects
on the progesterone secretion by granulosa cells of pri-
mary follicles; there was no significant difference in the
progesterone concentration in the control, TFE, and
hCG groups after TFE was added at 1 h, 4 h, 8 h, and
12 h (P > 0.05) (Table 6). For prehierarchical follicles,
the level of progesterone concentration in the TFE group
was higher than that in the control group after TFE was
added at 1 h (P < 0.05) and extremely improved after
TFE was added at 8 h and 12 h (P < 0.01). The proges-
terone level in the hCG group was higher than that in
the control group after TFE was added at 1 h
(P < 0.05), but there were no significant differences
when compared with the control group after hCG was
added at 4 h, 8 h, and 12 h (P > 0.05) (Table 7). In

Table 5. Effects of total flavonoids of Epimedium on the expression
of steroidogenic acute regulatory protein (StAR) and cytochrome
P450 family 11 subfamily A member 1 (CYP11A1) mRNA in
prehierarchical follicular granulosa cells.

Total flavonoids

Gene Control of Epimedium
StAR 1.00 = 0.07* 1.52 + 0.11°
CYP11A1 1.04 = 0.224 2.10 + 0.23%

*PIndicates significant differences (P < 0.05), * P

significant differences (P < 0.01) (n = 3).

means extremely



4604

GUO ET AL.

Table 6. Progesterone concentration of primary follicular granulosa cells.

Concentration of progesterone (Pmol/L)

Groups 1h 4h 8h 12h
Control' 48.9 £ 1.15 61.1 = 2.92 61.3 = 6.06 57.6 £ 5.54
Total flavonoids 57.3 = 5.86 58.4 = 0.28 65.6 = 2.90 65.2 = 2.40
of Epimedium®

Human chorionic 479 £ 1.15 51.9 = 4.04 62.3 = 0.87 56.3 = 3.71

gonadotropin®

No superscript letter indicates no significant differences in the control, total flavonoids of Epi-
medium, and human chorionic gonadotropin group (P > 0.05) (n = 3).

'The control group was treated with phosphate-buffered saline.

>The total flavonoids of Epimedium group was treated with total flavonoids of Epimedium at the

dose of 5 X 107% mg/mL.

3The human chorionic gonadotropin group was treated with human chorionic gonadotropin at

the dose of 1 IU/mL.

the preovulatory follicles, the progesterone concentra-
tion in the TFE group was no different after TFE was
added at 1 h, was higher at 4 h and 8 h (P < 0.05),
and extremely improved after TFE was added at
12h (P < 0.01). The level of progesterone in prehierarch-
ical follicles from the hCG group showed significant
difference when compared with the control group after
1 h (P < 0.05) and remarkable difference after
12 h (P < 0.01) (Table 8). These results implied that
TFE could enhance the progesterone secretion by gran-
ulosa cells in prehierarchical and preovulatory follicles
and could not affect the progesterone secretion by pri-
mary follicular granulosa cells.

DISCUSSION

In the present study, the improvement in impact of
TFE on the proliferation and differentiation of follicular
granulosa cells was verified in laying hens. The results
indicate that the main cause of TFE increasing the egg
laying rates is associated with improving the develop-
ment of follicular granulosa cells.

In the study, TFE was obtained from Epimedium by
soaking in ethanol, extracted by the ultrasonic method,
filtered using petroleum ether, and concentrated by
decompression (Guo and Zhang, 2019). The TFE
extracted from Epimedium in this study was a dark yel-
low crystalline powder, which is difficult to dissolve in
water and easy to dissolve in ethanol. Using the above
method to extract TFE, the extraction rate is 4.15%.

The development of granulosa cells in follicles is very

dominant follicles (Schmidt et al., 2004). The effects of
different doses of TFE on the activity of primary follic-
ular granulosa cells were detected, and the most effective
concentration of TFE was found to be 5 X 10~* mg/mL.
Interestingly, using the concentration of TFE acting on
the granulosa cells from primary, prehierarchical, and
preovulatory follicles, we found that the proliferation
of 3 types of granulosa cells was all improved signifi-
cantly (P < 0.01). Proliferating cell nuclear antigen is
an essential component of DNA replication, cell cycle
regulation, and epigenetic inheritance (Dai et al.,
2016). In the present study, TFE enhanced the expres-
sion of PCNA mRNA in primary follicular granulosa
cells. The study indicates that estradiol enhances
PCNA mRNA expression in human breast cancer
MCEFY7 cells (Wang et al., 2008). The authors of the pre-
sent study speculate that some components of TFE
might have estradiol-like functions of promoting the pro-
liferation of granulosa cells, which needs more investiga-
tions for verification.

The differentiation of granulosa cells and progesterone
secretion is connected with the expression of LHR,
FSHR, StAR, and CYP11A1 (Palermo, 2007). Granu-
losa cells from primary follicles without differentiation
have no such function of secreting progesterone
(Wang, 2017). The results of the present study demon-
strated that both TFE and hCG did not affect progester-
one secretion by primary follicular granulosa cells. To
investigate the effects of TFE on the differentiation of
granulosa cells, the expression of LHR, FSHR, StAR,
and CYP11A1 was detected in prehierarchical and pre-

important for follicular growth and choosing of  ovulatory  follicular — granulosa cells. In  the
Table 7. Progesterone concentration of prehierarchical follicular granulosa cells.
Concentration of progesterone (Pmol/L)
Groups 1h 4h 8h 12 h
Control 57.6 = 5.27" 71.3 = 3.75" 83.3 = 3.75" 94.6 = 3.47
Total flavonoids 78.3 = 0.87" 106.3 = 8.94" 118.3 = 3.17° 127.6 = 1.75°
of Epimedium
Human chorionic 71.6 = 1.19 78.6 = 8.08" 93.6 = 2.32% 95.6 + 3.474

gonadotropin

" “Indicates significant differences in the control, total flavonoids of Epimedium, and human chorionic

gonadotropin group (P < 0.05).

B-Clndicates extremely significant differences in the control, total flavonoids of Epimedium, and human

chorionic gonadotropin group (P < 0.01) (n = 3).
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Table 8. Progesterone concentration of preovulatory follicular granulosa cells.

Concentration of progesterone (Pmol/L)

Groups 1h 8h 12h

Control 75.9 = 1.15° 79.3 + 4.90° 94.2 + 8.99" 95.6 + 7.51%
Total flavonoids 71.9 + 4.04" 94.3 * 6.06” 120.6 = 6.08" 147.9 = 5.197
of Epimedium .
Human chorionic 84.9 + 1.15° 95.3 = 8.25" 101.6 = 3.47° 176.6 = 5.20°

gonadotropin

abeTy dicates significant differences in the control, total flavonoids of Epimedium, and human chorionic

gonadotropin group (P < 0.05).

B:CIndicates extremely significant differences in the control, total flavonoids of Epimedium, and
human chorionic gonadotropin group (P < 0.01) (n = 3).

gonadotrophin-dependent stage of follicular develop-
ment, FSH and LH signaling pathways play an obliga-
tory role in follicle differentiation, selection, and
survival (Palermo, 2007). Follicle-stimulating hormone
induces prehierarchical follicular selection of some folli-
cles for the next development. The increase in plasma
FSH levels during luteal—follicular transition is the basis
for follicle selection (Palermo, 2007). Luteinizing hor-
mone causes follicular ovulation and promotes the for-
mation of the corpus luteum on the basis of FSH. In
the present study, the novel thing was that TFE signif-
icantly enhanced progesterone secretion by prehierarch-
ical and preovulatory follicular granulosa cells, but did
not affect the expression of FSHR and LHR
(P > 0.05). From the results, we postulated that TFE
acted on the progesterone secretion by prehierarchical
and preovulatory follicular granulosa cells, which was in-
dependent of FSHR and LHR mediation.

The granulosa cells stimulated initially by FSH and
next by LH start to express StAR and P450scc/
CYP11A1 (Johnson and Bridgham, 2001; Johnson
and Woods, 2009; Sechman et al., 2014). Therefore,
LH, StAR, and CYP11A1 combine to promote proges-
terone secretion. In the primary follicles, progesterone
was basically absent, and TFE did not affect progester-
one secretion, whereas TFE stimulated the proliferation
of granulosa cells in this period. The authors found that
both in the prehierarchical and preovulatory follicular
granulosa cells, TFE extremely improved the expression
of StAR and CYP11A1 mRNA (P < 0.01). In the pre-
hierarchical follicles, the effects of TFE on progesterone
secretion by granulosa cells were stronger than those of
hCG. In the preovulatory follicles, TFE enhanced pro-
gesterone secretion by granulosa cells such as hCG.
The results coincided with the speculation that TFE
acted on the granulosa cells independent of FSHR and
LHR mediation. The prehierarchical follicular granu-
losa cells are yet fully differentiated; the addition of
TFE accelerates the differentiation, increases the
expression of LHR, CYP11A1l, and StAR, and pro-
motes the secretion of progesterone. Preovulatory follic-
ular granulosa cells are completely differentiated and
can autonomously secrete progesterone, so the effect
of promotion is not as obvious as that of prehierarchical
follicular granulosa cells.

Total flavonoids of Epimedium can effectively pro-
mote the proliferation of granulosa cells in laying hen’s

follicles, and the optimal concentration is 5 X
1073 mg/mL. Moreover, TFE can promote granulosa
cell differentiation and progesterone secretion.
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