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ABSTRACT 
In order to reveal the functions of Epimedium (EPI) on the recovery of the reproductive system of laying hens, 120 

Hy-Line Brown laying hens (43-week-old) were forced molt through feed withdrawal for 14 days. After the molting 

period, layer hens were divided into four groups: Dark-control group in a dark environment without any treatment; 

dark-EPI group in a dark environment and with EPI treatment; light-control group without any treatment under 

normal illumination (16L: 8D); light- EPI group with EPI treatment under normal illumination (16L: 8D). EPI 

treatment was maintained for 15 days and each hen received 2 ml of EPI extract (1 g/mL) daily. The rate of egg 

production was calculated every day. At the end of the experiment, estrogen receptor alpha mRNA, estrogen receptor 

beta mRNA, and progesterone receptor mRNA in the albumen secreting part and uterus of the oviduct were detected 

by q-PCR, and the level of serum progesterone, estrogen and luteinizing hormone was measured by enzyme-linked 

immunosorbent assay. The results showed that EPI effectively improved the laying rate of hens both in dark groups 

and light groups by promoting the recovery of the oviduct and follicle maturation. In addition, EPI promoted the 

secretion of estrogen and progesterone both in dark and light groups and improved the expression of estrogen 

receptor alpha and progesterone receptor in the light group. The results of the experiment provide a good reference 

for using EPI to improve the development and recovery of the reproductive system of layer hens.  
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INTRODUCTION 
 

The development of follicles and oviduct is crucial to the 

hens’ laying abilities. Hen follicle development can be 

divided into three stages: primary (0.8-2 mm), 

prehierarchical (2-8 mm), and preovulatory follicles (9-35 

mm) (Rangel et al., 2014; Lin et al., 2019). The oviduct of 

hens develops normally only on the left side. The oviduct 

of the hen consists of five parts: infundibulum, albumen 

secreting part, isthmus, uterus, and vagina (Michailidis et 

al., 2011; Socha et al., 2018), each with unique functions 

morphologically. The albumen secreting part is the longest 

part of the oviduct that secretes most of the albumen (Li., 

2007), and the uterus is responsible for the formation of 

eggshell membranes (Socha et al., 2018). Estrogen (E2), 

follicle-stimulating hormone (FSH), and luteinizing 

hormone (LH) are crucial during the development of the 

reproductive system and the laying period. E2 is secreted 

by the membrane cells in the follicle, and its 

concentrations are the highest in the small yellow follicles 

(Rangel et al., 2014). E2 and progesterone (P4) start the 

development of the oviduct (Zhao, 2018). The 

progesterone receptor (PR) is expressed on the fallopian 

tube and binds to P4. The activity of E2 depends on the 

estrogen receptor (ER) that has two subtypes of estrogen 

receptor alpha (ERα) and estrogen receptor beta (ERβ) 

(Miyagawa et al., 2014; Nirmali et al., 2019). FSH 

is secreted by basophilic cells in the anterior pituitary of 

birds. FSH can regulate follicle growth and drive the 

proliferation, growth, and differentiation of granulosa cells 

(Hunzicker-Dunn and Maizels, 2006; Uhm et al., 2010). 

Selection of prehierarchical follicles depends on levels of 

FSH and its receptor expressions (Lin et al., 2011). LH is a 

major hormone that promotes follicle maturation and 

excretion. FSH binds to its receptor on follicular granulosa 

cells, resulting in follicular differentiation, and then 

follicular membrane cells begin to express the LH 

receptor. This lays a foundation for the synthesis of E2 and 

ovulation (Tischkau et al., 2011). P4 is secreted by 

follicular granulosa cells and has positive associations 

with egg production (Wang, 2018). 

The laying performance of layer hens is not always 

at its peak (Perry and Yousef., 2013). Many factors such 
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as environmental stress, infectious bronchitis virus, and 

the aging of hens can lead to a decrease in egg production. 

In China, the use of hormonal drugs and antiviral western 

medicine in the production of food animals is not 

permitted. 

One of the solutions for restoring performance and 

egg quality of laying hens is to induce the molting (Alodan 

and Mashaly, 1999). The process of molting is 

accompanied by the degeneration of the oviduct tract 

(Berry, 2003). Fasting is used as the main method of 

forced-molting (Han et al., 2019). Since light plays a 

major role in the development of the hen reproductive 

system (Liu et al., 2015), avoiding light along with forced 

molting can be used to accelerate the degradation of the 

oviduct.  

Epimedium (EPI) is one of the most famous 

resources of Chinese herbal medicine (Zhang et al., 2008; 

Zhang et al., 2013). It is used to treat animals with 

reproductive diseases (Zhang et al., 2005). Flavonoids and 

polysaccharides are the main active components of EPI, 

which have the functions of enhancing immunity, anti-

cancer, and anti-aging in traditional Chinese medicine 

(Liang et al., 2012). The total flavonoids of EPI have E2-

like effects, which can thicken the endometrium of 

ovariectomized mice (Zhou et al., 2012). Epimedium may 

protect the testicles from damage by suppressing 

inflammation and oxidative stress (Cheng et al., 2019). 

The extraction methods of EPI include alkali extraction, 

ultrasonic extraction, hot water extraction, microwave 

extraction, organic solvent extraction, and supercritical 

fluid extraction (Li et al., 2014).  

E2 controls the growth of the oviduct by regulating 

cell proliferation, differentiation, and egg cell protein 

synthesis (Socha et al., 2018). Similarly, EPI can promote 

the egg-laying performance of laying hens (Huo et al., 

2018), but the impact of EPI on hens’ reproductive system 

remains unclear. In this study, the forced molting method 

was used to degrade the hen's reproductive system, and 

then hens were treated with EPI to study the functions of 

EPI on the repairing of oviduct and follicles and secreting 

of reproductive hormones. Since light has a great influence 

on the development of the reproductive system of hens, 

lighting was considered as a variable for comparison.  

 

MATERIALS AND METHODS 

 

Ethical approval 

This study was approved by the Experimental 

Animal Ethics Committee of Hebei Agricultural 

University (certificate code: 2020013). 

Extraction and determination of Epimedium  

Epimedium koreanum was purchased from the 

Anguo Oriental Medicine City, Hebei, China. The active 

components of the EPI were obtained through alcohol 

extracting by an ultrasonic method (Zhang et al., 2008). 

First, EPI was crushed into powder, added in 65% ethanol 

solution at a ratio of 1:30, and then rested at room 

temperature for 60 min. The effective components of the 

EPI were extracted twice in the ultrasonic purification 

device at 60 ℃ for 60 min, filtrated with the filter paper. 

The filtered solution was centrifuged at 3000 r/min for 10 

min and then concentrated to 1 g/mL by a rotary 

evaporator at 80 ℃, stored at 4 ℃. The quantitative 

determination of the total flavonoids of EPI was measured 

by colorimetry at 496 nm, with rutin as the reference and 

aluminum nitrate as the chromogenic agent (Guo et al., 

2019). 

 

Animal grouping and treatment  

A total of 120 Hy-Line Brown layer hens at 43 

weeks of age were provided by Ding Nong Corporation of 

Hebei, Baoding, China. Layer hens were weighed before 

forced molting and raised on the poultry breeding farm of 

Hebei Agricultural University. They were divided into 

four equal groups of 30 hens and three replicates for each 

group. Then all hens were placed in an environment 

shaded by a dark nylon cover; and received no food for 14 

days but they could drink water freely. Forced molting 

lasted for 14 days until the average body weight of layer 

hens lost a third and egg production completely ceased. 

From the 15th day of the experiment, all the hens were 

allowed to recover with ad libitum access to food and 

water, according to the nutrient suggestions for layer hens 

(Clark et al., 2019). Dark control (D-CON) group was still 

kept in a dark feeding environment without any treatment; 

dark EPI (D-EPI) group was kept in a dark feeding 

environment and each hen was given 2 mL of EPI extract 

(1g/mL) by gavage every day; light control (L-CON) 

group was without EPI treatment under normal 

illumination (16L: 8D); light-EPI (L-EPI) group received 

2 mL EPI extract (1g/mL) per hen by gavage every day, 

under normal illumination (16L: 8D). During the 

experiment, egg production was recorded every day, and 

the laying rate of each group was obtained by dividing the 

number of eggs laid during the day by the number of hens. 

The EPI treatment on layer hens was maintained for 15 

days. At the end of the experiment, the hens of each group 

were weighed and then sacrificed with bleeding of the 

carotid artery. Blood was collected and serum was isolated 

for P4, E2, and LH detection. The oviduct of hens was 
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taken out for weighing and length measurement. The 

relative weight of the oviduct to body weight was 

calculated. The uterus and albumen secreting parts were 

separated and half of the tissue samples were stored at −80 

℃ for later real-time polymerase chain reaction (q-PCR). 

The rest tissue fragments were fixed in a 4% 

paraformaldehyde solution for histomorphology 

observation.  

 

Histomorphology observation of albumen 

secreting part and uterus  

The albumen secreting part and uterus were fixed in 

a 4% paraformaldehyde solution overnight and washed by 

pH 7.4 phosphate buffer saline (PBS). Routine 

dehydration and paraffin embedding were done. 

Histological sections of 5 µm thickness were sliced by an 

automatic slicer for hematoxylin and eosin (H&E) 

staining. Images were observed via a digital camera (Leica 

DFC320). 

 

mRNA expressions of estrogen and progesterone 

receptors in albumen secreting part and uterus 

The total RNA was extracted by the Trizol reagent of 

a commercial RNA assay kit (Invitrogen Co., USA) 

according to the manufacturer's instructions. Reverse 

transcription was performed with 25 μl of the reaction 

mixtures containing 10 μl of total RNA extraction 

solution, 2 μl Olig (dT) primer, 2 μl RNase inhibitor, 5 μl 

dNTPs, 5 μl 5× M-MLV buffer and 1 μl M-MLV reverse 

transcriptase. Before 1 μl M-MLV (100 U) reverse 

transcriptase was added, other components were incubated 

at 65 ℃ for 5 min and then placed on ice for 5 min. After 1 

μl M-MLV (100 U) reverse transcriptase was added, 

reverse transcription was conducted at 42 ℃ for 1 h. 

Expression of ERα, ERβ, and PR was detected by q-

PCR on a fluorescence ration PCR instrument (CFX96 

Bio-Rad, CA, USA). The q-PCR reaction was performed 

with 25 μl of the reaction mixtures containing 12.5 µl of 2 

× M5 Hiper SYBR Premix Es Taq (Mei5 Biotechnology, 

Beijing, China), 2 µl of cDNA, 9.5 µl ddH2O and 0.5 µl of 

each forward and reverse primer. The primers (Table 1) 

were designed based on sequences in GenBank using 

Primer Premier 5.0 software and manufactured by Sangon 

Biotech Company (Shanghai, China). 

They followed the following procedure respectively: 

95 ℃ for 3 min; 95 ℃ for 5 s and 60 ℃ for 30 s for 40 

cycles. The PCR efficiency was close to 100%, indicating 

the 2
−ΔΔCT

 method was applicable to the calculation of 

relative gene expression levels (Zhao et al., 2018). Three 

samples were amplified and the data were normalized to 

glyceraldehyde phosphate dehydrogenase (GAPDH) 

expression. 

 

Determination of progesterone, estrogen and 

luteinizing hormone in serum 

P4, E2, and LH were detected by enzyme-linked 

immunosorbent assay (ELISA) with the Hen Progesterone 

ELISA Kit (MLBIO, China). The serum was removed 

from -80 ℃, and the standard, blank diluent, and samples 

were added to the ELISA Kit. All procedures were 

conducted according to the manufacturer’s protocol. The 

absorbance was measured at 600 mm, a standard curve 

was established, and the hormone content of each sample 

was calculated. 

 

Statistical analysis 

All of the experiments were repeated at least three 

times, and the results were expressed as means ± standard 

error. Statistical analyses were performed on the SPSS 

software V22.0 (SPSS Inc., Chicago, IL, USA). All data 

were analyzed by one-way analysis of variance (ANOVA) 

to determine the differences among the groups. Mean 

values were considered significantly different at p < 0.05. 

 
Table 1. Primers used for detection of the glyceraldehyde phosphate dehydrogenase (GAPDH), estrogen receptor alpha (ERα), 

estrogen receptor beta (ERβ) and progesterone receptor (PR) genes by q-PCR 

Target gene Primer sequences (5’-3’) Size (base pair) GenBank accession number 

GAPDH-F ACGTCGCACTGGATTTCGAG 82 NM_204305 

GAPDH-R TGTCAGCAATGCCAGGGTAC   

ERα-F GTACGGCTCTACTACACTCAGTTATGC 99 NM_205183.2 

ERα-R GGGCTTGGTGGGACATTGTTCAG   

ERβ-F CCCTCCCAGCAGCAAACAACTC 148 NM_204794.2 

ERβ-R TCAACATCTCCAGCAGCAAGTCATAC   

PR-F CCTGGACGGGCTGCTCTACC 89 M37518.1 

PR-R GCGGTTCTTCCTCCTCCTCCTC   
 

 

 

https://www.ncbi.nlm.nih.gov/nucleotide/NM_205183.2?report=genbank&log$=nuclalign&blast_rank=1&RID=0KC50DWH016
https://www.ncbi.nlm.nih.gov/nucleotide/NM_204794.2?report=genbank&log$=nuclalign&blast_rank=1&RID=0KBST2AM01R
https://www.ncbi.nlm.nih.gov/nucleotide/M37518.1?report=genbank&log$=nuclalign&blast_rank=1&RID=0KCABRFY016
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RESULTS 

 

Effects of Epimedium on egg-laying rates  

On the 14
th

 day of the experiment, egg-laying rates 

of all four groups were 0% because of the oviduct atrophy 

and follicular degeneration by forced molting. From the 

15th day of experiment with normal feeding, layer hens of 

L-CON and L-EPI groups began to lay eggs on the 25th 

day. Laying rates of the L-EPI group were higher than that 

of the L-CON group from the 25th day to the 30th day. On 

the 30th day, laying rates of the D-CON group was the 

lowest, and the D-EPI group had an extremely higher 

laying rate than the D-CON group (P < 0.01). As shown in 

figure 1, the L-EPI group had the highest rate of laying, 

followed by L-CON, D-EPI, and D-CON group. The 

results showed that EPI can improve the laying rate of 

layer hens both in dark and light environments.  

 

 
Figure 1. The daily laying rate of laying hens subjected to 

forced molting and treatment. EPI: Epimedium. D-CON: without 

EPI treatment in a dark environment; D-EPI: with EPI treatment in a dark 

environment; L-CON: without EPI treatment under normal illumination; 

L-EPI: with EPI treatment under normal illumination. Two milliliters of 
EPI extract (1 g/mL) was daily administered each chicken for 15 days. 
 

Effect of Epimedium on the development and 

recovery of follicle and oviduct 

On the 30th day, the follicles in the D-CON group 

grew sluggishly, a large number of small white follicles 

existed and the oviducts were found still to be atrophied 

and not to return to normal (Figure 2A). However, large 

white follicles and small yellow follicles were evident in 

the D-EPI group, oviduct developed to nearly normal 

(Figure 2B). In the L-CON and L-EPI groups, follicles 

growth returned to normal, follicles in different stages of 

development were present and the oviducts of both groups 

developed to normal (Figure 2C and 2D). The relative 

weights of oviduct to body weight of layer hens from the 

D-CON group were remarkably lower than other groups 

on the 30th day (P < 0.01), as shown in figure 2A. The 

relative weights of oviduct in the D-EPI group were lower 

than L-EPI and L-CON group (P < 0.05). In addition, the 

average length of oviduct in the D-CON group was 

remarkably shorter than that in the other groups (P < 0.01, 

figure 3B) and there was no significant difference in the 

average length of oviduct among D-EPI, L-CON, and L-

EPI group. 

 

Histomorphology of albumen secreting part and 

uterus of oviduct  

On the 30th day of the experiment, it was found that 

columnar ciliated epithelial cells in the uterus and albumen 

secreting part were normally arranged in D-EPI, L-CON 

and L-EPI group, with intact serosa observed, and the cilia 

in the D-CON group were thinner (Figure 4). In addition, 

there was corresponding atrophy of the uterus and 

albumen secreting part in the D-CON group. The D-EPI 

group had a slight deficit in cilia development compared to 

the L-CON and L-EPI groups. In the D-EPI, L-CON and 

L-EPI group, the uterus and albumen secreting part 

showed normal arrangement of columnar ciliated 

epithelial cells, while the D-CON group showed dysplasia 

of cilia (Figure 4). 

 

mRNA expressions of estrogen and progesterone 

receptors in albumen secreting part and uterus 

The results showed that the relative value of ERα 

mRNA to GAPDH in the D-CON group was the lowest 

both in the albumen secreting part and uterus (P < 0.01), 

the D-EPI group had no significant difference compared to 

D-CON group. The expression of ERα mRNA in the L-

CON and L-EPI group was higher than that in D-CON and 

D-EPI group, and the L-EPI group had an extremely 

higher value compared to L-CON group (P < 0.05) (Figure 

5 A and D). There was no significant difference in terms 

of the expression of ERβ mRNA in the albumen secreting 

part and uterus of the four groups (P > 0.05) (Figure 5 B 

and E). The relative value of PR mRNA in D-CON and D-

EPI group had no significant difference both in albumen 

secreting part and uterus, while expression of PR mRNA 

in L-CON and L-EPI group were both higher than that in 

D-CON and D-EPI group, and PR mRNA in L-EPI group 

was extremely higher than in L-CON group (P < 0.01) 

(Figure 5 C and F). 

 

Effects of Epimedium on the level of progesterone, 

estrogen and luteinizing hormone in serum 

The results (Table 2) showed that concentration of P4 

in the serum of D-CON group was significantly lower than 

that in the other three groups, and P4 level was higher in L-

EPI group compared to D-EPI (P < 0.05), but was lower 

than that of L-CON group (P < 0.05). E2 concentration of 

serum in the L-CON group and L-EPI group was higher 

than that in the D-CON group and D-EPI group (P < 0.01). 

The concentration of E2 in the D-EPI and L-EPI group was 

higher than that in control groups (P < 0.05). The serum 

concentration of LH in the four groups was not 

significantly different (P > 0.05). 
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Figure 2.  Ovarian follicles and oviducts of laying hens 

subjected to forced molting and treatment (A: D-CON 

group; B: D-EPI group; C: L-CON group; D: L-EPI 

group). EPI: Epimedium. D-CON: without EPI treatment 

in a dark environment; D-EPI: with EPI treatment in a 

dark environment; L-CON: without EPI treatment under 

normal illumination; L-EPI: with EPI treatment under 

normal illumination. Two milliliters of EPI extract (1 

g/mL) was daily administered each chicken for 15 days. 

 

 

 

 

Figure 3. Effects of Epimedium on the relative weight and 

average length of oviduct of laying hens treated in 

different groups after forced molting. EPI: Epimedium. D-

CON: without EPI treatment in a dark environment; D-

EPI: with EPI treatment in a dark environment; L-CON: 

without EPI treatment under normal illumination; L-EPI: 

with EPI treatment under normal illumination. Two 

milliliters of EPI extract (1 g/mL) was daily administered 

each chicken for 15 days. 
a, b, c

 on the bar means P < 0.05 

and A, B, C means P < 0.01.  

 

 

 

 

Table 2. Serum concentration of the progesterone, estrogen and luteinizing hormone in layer chickens treated in different 

groups after 14-day forced molting  

                              Treatment groups  
 

Parameters 
D-CON D-EPI L-CON L-EPI 

Progesterone (pmol/L) 267.7±38.96Aa 493.65±105.92Ab 728.06±131.04Bc 584.56±26.49Ad 

Estrogen (pg/mL) 40.57±5.85Aa 71.74±13.21Ab 136.75±40.77Bc 153.32±29.67Bd 

luteinizing hormone (pg/mL) 22.11±4.56 43.93±15.16 47.05±14.27 54.75±9.55 

EPI: Epimedium. D-CON: without EPI treatment in a dark environment; D-EPI: with EPI treatment in a dark environment; L-CON: without EPI treatment 
under normal illumination; L-EPI: with EPI treatment under normal illumination. Two milliliters of EPI extract (1 g/mL) was daily administered each chicken 

for 15 days. a, b, c; Means within a row with different superscripts differ significantly (P < 0.05);  A, B, C; Means within a column with different superscripts differ 

highly significantly (P < 0.01). 
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Figure 4. Histomorphology of albumen secreting part and uterus of oviduct of laying chickens treated in different groups after 

forced molting. A, B, C, and D are albumen secreting part of oviduct in D-CON, D-EPI, L-CON, and L-EPI groups, 

respectively (H&E, 10×). E, F, G, and H are uterus of the oviduct in D-CON, D-EPI, L-CON and L-EPI group respectively  

(H&E, 10×). EPI: Epimedium. D-CON: without EPI treatment in a dark environment; D-EPI: with EPI treatment in a dark 

environment; L-CON: without EPI treatment under normal illumination; L-EPI: with EPI treatment under normal illumination. 

Two milliliters of EPI extract (1 g/mL) was daily administered each chicken for 15 days. 
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Figure 4. Effects of Epimedium on mRNA expression of estrogen receptor alpha (ERα), estrogen receptor beta (ERβ), and 

progesterone receptor (PR) in albumen secreting part and uterus of laying hens in different treatment groups after forced 

molting. A, B, C: The expression of ERα, ERβ, and PR mRNA in the albumen secreting part.  D, E, F: The expression of ERα, 

ERβ, and PR mRNA in the uterus. EPI: Epimedium. D-CON: without EPI treatment in a dark environment; D-EPI: with EPI 

treatment in a dark environment; L-CON: without EPI treatment under normal illumination; L-EPI: with EPI treatment under 

normal illumination. Two milliliters of EPI extract (1 g/mL) was daily administered each chicken for 15 days. 
a, b, c 

on the bar means P < 0.05; 
A, B, C 

on the bar means P < 0.01. 
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DISCUSSION 

 

In this study, the active components of EPI were extracted 

by alcohol with an ultrasonic method, a better way for the 

extraction of the total flavonoids of EPI. Layer hens, 

whose oviduct and follicles were atrophic after forced 

molting, were fed with EPI extracts in dark and light 

environments and the laying rates extremely increased 

both in the D-EPI group and the L-EPI group. The results 

demonstrated that EPI extracts have the functions of 

improving the development of the reproductive system of 

layer hens, especially in the light environment. Previous 

studies have revealed that total flavonoids of EPI can cure 

premature ovarian insufficiency, and the therapeutic 

targets are ESR1, AR, ESR2, KDR, CYP19A1, and 

ESRRG (Zhao et al., 2019). EPI has been reported to 

restore the oxidative damage of mouse testis and maintain 

sperm motility and has a protective effect on the 

reproductive function of male mice (Yuan et al., 2014). 

The number of eggs a hen lays is determined by the 

development of follicles in ovary, and the quality of eggs 

such as the hardness of the shell is determined by the 

oviduct (Socha et al., 2018). After treatment with EPI, the 

oviduct of layer hens in the D-EPI group was fully 

developed, and the follicles included primary follicles and 

large white follicles and small yellow follicles. Some 

layers contained preovulatory follicles and mature follicles 

and began to lay eggs. The oviduct in the D-CON group 

was severely atrophic, and the follicles were most primary 

follicles and small white follicles without further 

development. Only a few layers began to lay eggs. The L-

CON and L-EPI groups were raised under the environment 

of light, which has a great influence on the development of 

the hen’s reproductive system. Therefore, the development 

of the ovary and oviduct in L-CON and L-EPI groups was 

very normal. It is worth noting that there were 

significantly more prehierarchical follicles in the D-EPI 

and L-EPI groups of layers treated with EPI than in D-

CON and L-CON groups.  

According to the results of the percentage of oviduct 

weight to body weight, the length of oviduct, and the rate 

of egg production, the impact of EPI and light on the 

development of the hen’s reproductive system and the rate 

of egg production is significant. Light has a bigger effect 

than EPI; while EPI can build on that.  

The biological activity of EPI can be largely 

mediated through E2 receptor-mediated pathway or 

blocked by ER blockers (Zhang et al., 2016). E2 is closely 

related to the development of oviducts and ovaries, and P4 

is positively associated with ovulation. The determination 

of expression of ERα, ERβ, and PR mRNA in the albumen 

secreting part and the uterus of the oviduct showed that the 

expression of ERα mRNA was significantly higher under 

the action of EPI, especially in the light environment. ERβ 

mRNA was poorly expressed both in dark groups and in 

light groups. The impact of light on PR mRNA expression 

appeared to be better than that of EPI, especially when the 

sample was treated with EPI under light conditions. The 

results indicated that the impacts of EPI on the expression 

of ER and PR were not obvious without light; however, it 

became stronger under the light conditions. From the 

results, it can be inferred that ERα and PR are the crucial 

receptors mediating the process of E2 and P4 and 

improving the development of oviduct, and EPI 

participated in the process. The measurement of E2 and P4 

in serum showed that EPI improved the secretion of 

endogenous hormones both in dark and light groups. The 

impact of light was greater than that of EPI. However, 

both light and EPI had a small impact on the secretion of 

LH. It was found that EPI and light could promote the 

development and proliferation of epithelial cells in the 

oviduct. 

EPI promoted the development of follicles from 

primary follicles to prehierarchical follicles. Hormones 

that promote follicular growth and differentiation include 

FSH and LH, and cytokines include insulin-like growth 

factor family (IGF) (Roberts et al., 1994), transforming 

growth factor-β (TGF-β) (Johnson et al., 2004; Woods et 

al., 2005), epidermal growth factor (EGF) (Onagbesan et 

al., 1994; Lin et al., 2011), fibroblast growth factor (FGF) 

(Miyahara et al., 2016), and tumor necrosis factor-α (TNF-

α) (Bornstein et al., 2004). The experimental results 

showed that EPI and light had no significant impacts on 

LH secretion. Hence, EPI is likely to have a similar effect 

like FSH or other follicle-promoting cytokines. 

 

CONCLUSIONS 

 

This study may aid the development of treatment drugs for 

reproductive diseases in layer hens.  

EPI has the potential functions to increase egg 

production by improving the recovery of oviducts and 

maturation of follicles. EPI could promote the secretion of 

endogenous E2 and P4, especially in light environment. 

Also, EPI could improve the expression of ERα mRNA 

and PR mRNA in the oviduct.  
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