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Skin thickness and strength differ between male and female chickens. This study aimed to clarify the effects of
estradiol on the expression of estrogen receptors and collagen mRNA in chicken skin. Estradiol was administered to
male chicks for 3 weeks, then cryosections of skin collected from the cervical, thoracic, dorsal, and pelvic limb regions
were stained with hematoxylin and eosin, and dermal thickness was measured. Estrogen receptor and collagen mRNA
expression was assessed using real-time RT-PCR, and collagen contents were determined. Estradiol did not alter
dermal thickness or the collagen content of the skin from any tested region. Among the estrogen receptors, significantly
more ESRI mRNA was expressed in the thoracic skin of chicks administered with estradiol compared with vehicle
(control), and in the thoracic skin compared with skin from other regions within each group. Estradiol did not affect
ESR2, GPER, and COLIAI mRNA expression. These results suggested that estradiol stimulates ESR/ expression in
thoracic skin, but does not affect collagen synthesis in skin from any other region of male chicks.
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Introduction

Chicken meat is a major livestock product that is consumed
worldwide as well as beef and pork. However, chicken meat
is usually supplied to the market accompanied by the skin,
unlike beef and pork. The skin covers the entire animal and it
is one of the largest organs. Chicken skin is edible and con-
sidered valuable as a food commodity. The skin also protects
against environmental damage. Consequently, damage to the
skin such as tears during rearing or processing affects un-
derlying skeletal muscles, which reduces meat quality (Salim
etal.,2012).

The thickness of skin differs among regions of the body
between male and female chickens. The skin is thicker in the
back than in the thigh of all chickens (Salim ez al., 2012; Ji et
al., 2021), and in male, compared with female chickens
(Salim et al., 2012). The skin is also stronger in male, than in
female chickens (Bilgili et al., 1993). Skin strength is similar
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between 3-week-old male and female chicks. However, the
skin starts to become stronger with overall growth in 5-week-
old male, but not female chicks (Christensen et al., 1994).
Therefore, sex hormones might be associated with these
differences in the thickness and strength of chicken skin.
Skin comprises the epidermis, dermis, and subcutis, among
which, the dermis has abundant collagen fibers, and more
collagen content in male, than in female chickens (Salim et
al., 2012). Adult female chickens have less hydroxyproline, a
constituent of collagen, in the skin than males (Bruce and
Anastassiadis, 1977). Therefore, skin strength and the dermal
collagen content are apparently associated. Estradiol decreases
collagen content in the skin of male rats (Smith and Allison,
1966) and guinea pigs (Henneman, 1968). Our previous
study of chicken liver showed that estradiol inhibits collagen
synthesis in hepatic stellate cells (Nishimura et al., 2017).
Although the inhibitory mechanism of collagen synthesis in
chicken liver has not yet been determined, estradiol might
regulate the mechanism of collagen synthesis in chicken skin.
Vertebrates have estrogen receptors @ (ERa or ER1) and 3
(ERB or ER2), and estrogen-responsive G protein-coupled
receptor (GPER or GPR30) (Eyster, 2016). Both ER« and
ERp are ligand-activated transcription factors that share a
delayed onset and persistent response to genomic action.
However, GPER, which is located in the cell membrane,
mediates the rapid and non-genomic actions of estrogen
(Eyster, 2016). The expression profiles of these receptors and



Nishimura et al.: Effect of Estradiol in Chick Skin 163

how they relate to estrogen in collagen synthesis in chicken
skin remain unknown.

The present study aimed to define the role of estrogen in
collagen synthesis in the chicken dermis and to obtain basic
understanding that will help to increase the added value of the
skin. Thus, we investigated the effects of estradiol on estrogen
receptor expression and collagen synthesis in chicken skin.

Materials and Methods

Ethics Statement

All experiments were proceeded according to the Guide-
lines for the Proper Conduct of Animal Experiments published
by the Science Council of Japan. All experimental protocols
were approved by the Ethics Committee of Kyushu University
(approval no. A20-028-0).
Chickens

Rhode Island Red (Gallus gallus domesticus) hens and
male chicks obtained as fertilized eggs (National Livestock
Breeding Center, Okazaki Station, Okazaki, Japan) were
hatched and reared in 2XX1.5-m pens with wood-chip or saw-
dust floors at the Poultry Breeding and Experiment Facility,
Faculty of Agriculture, Kyushu University (Fukuoka, Japan).
Hens and chicks were fed with a commercial feed mixture,
Power layer 17Y and Power chick ZK (JA Kitakyushu Kumiai
Shiryo, Fukuoka, Japan) and water ad libitum. At the end of
the experimental period, the birds were intravenously injected
with sodium pentobarbital, then exsanguinated via the carotid
artery under deep anesthesia. Skin samples were rapidly dis-
sected for experimentation.
Measurement of Serum Estradiol in Hens

Blood samples from seven euthanized laying hens were
collected into tubes from the carotid artery. The samples were
clotted on crushed ice for 30-60 min, then serum was
separated by centrifugation at 1,200Xg for 15 min, and stored
at —20°C. Serum estradiol concentrations were measured
using enzyme-linked immunosorbent assay (ELISA) kits
(Cayman Chemical Company, Ann Arbor, MI, USA) as de-
scribed by the manufacturer, then absorbance as measured at
405 nm using a plate reader (Multiskan FC; Thermo Fisher
Scientific Inc., Waltham, MA, USA). A standard curve was
calculated using Imagel software (https://imagej.nih.gov/ij/).
Hormone Administration

The amount of hormone administered was calculated from
the serum estradiol values in hens as follows.

Beta estradiol (Sigma-Aldrich Co., St. Louis, MO, USA)
was dissolved in ethanol to a concentration of 1mg/mL, then
diluted 1:50,000 with physiological saline (working dilution).

Five-week-old male chicks were weighed (and again in every
trial), then intraperitoneally injected with either $-estradiol
(800 pg/mL of blood; 80 ng/kg body weight [BW]) or vehicle
(physiological saline control) daily for 21 days.
Histology

Tissue specimens from male chicks administered with
vehicle or [-estradiol were dissected from the cervical, tho-
racic, and dorsal regions, and from the lateral side of the
pelvic limb after plucking the feathers. Cervical skin was ob-
tained from the fifth region of the craniodorsal part of the
neck. Specimens were mounted in Tissue-Tek O.C.T. com-
pound (Sakura Finetek Japan Co., Ltd., Tokyo, Japan), frozen
in liquid nitrogen and stored at —20°C. Frozen specimens
were cut into 8-12 pm sections using a cryostat (CM1850;
Leica Microsystems GmbH, Wetzlar, Germany), fixed in
acetone for 5 min at 4°C, air-dried, then conventionally stained
with hematoxylin and eosin (HE). The sections were visual-
ized and images were obtained using an Eclipse 80i micro-
scope (Nikon Corp., Tokyo, Japan). Three randomly-selected,
100-um-wide dermal areas in images of each section were
measured using NIS-Elements D version 3.22.14 software
(Nikon Corp.). Dermal thickness in each section was calcu-
lated by dividing the area by the width.
Real-time RT-PCR

We investigated the mRNA expression of the chicken ER«a
(ESRI), ERB (ESR2), GPER, and alpha-1 type I collagen
(COL1A1) genes in skin excised from the cervical, thoracic,
and dorsal regions, as well as the lateral side of the pelvic
limbs of male chicks administered with 5-estradiol or vehicle
(n=4 each). Total RNA was isolated using Isogen IT (Nippon
Gene, Tokyo, Japan) as described by the manufacturer. Geno-
mic DNA was removed using DNase I (Nippon Gene), as
described by the manufacturer. Real-time RT-PCR proceeded
in duplicate using One Step TB Green PrimeScrip RT-PCR
Kit IT (Takara Bio Inc., Kusatsu, Japan) as described by the
manufacturer and an Mx3000P QPCR system (Agilent Tech-
nologies, Inc., Santa Clara, CA, USA) under the following
cycling conditions: 42°C for 5 min, 95°C for 10's, 40 cycles of
95C for 5, and 60°C for 345, 95°C for 15s, 60°C for 1 min,
and 95°C for 15 s. Table 1 shows the primers that we designed
according to information downloaded from a nucleotide
database (US National Center for Biotechnology Information
[NCBI], Bethesda, MD, USA). The results were normalized
to that of the glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) gene.
Total Collagen Assay

Collagen content was measured in 50-100 mg of skin ex-

Table 1. Primers used for real-time reverse transcriptional polymerase chain reaction
Target gene Accession No. Primer forward Primer reverse Product (bp)
COLIAI XM_025144131.1 GAGCGACGGCTTCCAGTTTGAG GTGTCGTGGTCCATGTAGGC 153
ESRI NM_205183.2 CATCATCCTGCTCAATTCTGGTGTG GCGTCCAGCATCTCCAGTAAG 208
ESR2 NM_204794.2 AGTGGGAATGATGAAATGTGGCTC CATGGAGGCCTCGGTGAATG 241
GPER NM_001162405.1 GGAAAAATGGAATTAAGGTGGAAGG TTGCAGATGGGAGCACTTTC 202
GAPDH NM_204305.1 ACTGTCAAGGCTGAGAACGG ACCTGCATCTGCCCATTTGA 99
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cised from the locations described above using total collagen
assay kits (Quick-Zyme Biosciences B.V., Leiden, The
Netherlands) as described by the manufacturer. Briefly,
samples were incubated with 1 mL of HCI (6 mol/L) at 95C
for 20h, cooled to room temperature, then centrifuged at
13,000Xg for 10 min. The absorbance of the supernatants
was measured in 96-well plates at a wavelength of 570 nm
using a Multiskan FC (Thermo Fisher Scientific Inc.).
Statistical Analyses

Data were statistically analyzed by two-way analyses of
variance, and Tukey-Kramer tests of significance using R
(The R Project for Statistical Computing, Vienna, Austria).
Data are shown as meanststandard error of the mean (SEM).
Irregular data were excluded using the Smirnoff-Grubbs
rejection test.

Results

As hens have less collagen in the skin than in cocks (Bruce
and Anastassiadis, 1977) and the sex difference in collagen
content in the skin is not significant until 7 weeks of age
(Pines et al., 1996), the dose of B-estradiol was decided based
on the circulating level in hens. The mean (-estradiol level in
hens was 8074243.8 pg/mL (n=7). The dose of 3-estradiol

Fig. 1.

given to male chicks with a putative blood volume of ~10% of
the BW (Sturkie, 1954) was 800 pg/mL of blood (80 ng/kg
BW).

Histology

Figure 1 shows photomicrographs of histological sections
of control male chick skin stained with HE. The skin surface
was rugged (Fig. 1). An intricate outline was obvious in the
cervical region, and the surface of the thoracic skin was
relatively flat compared with the other regions. The epidermis
in all regions was thin and comprised an eosinophilic Stratum
corneum, a Stratum intermedium with only a few cell layers,
and the Stratum basale. The dermis was distinguished from
the Stratum superficiale and Stratum profundum. The dermis
was not uniformly thick in all skin regions. Cervical skin had
well-developed muscle layers beneath the dermis, which
differed from other regions (Fig. la). These histological
features did not significantly differ between the control (Fig.
1) and estradiol groups (data not shown).

Table 2 shows that the thickness of the dermis did not
significantly differ in any of the tested regions between the
estradiol and control chicks, or between these regions within
each group. However, light microscopy findings indicated
that the dermis of the dorsal skin was thicker than that in any

Representative images of skin from various regions of control male chicks.

Sections were stained with hematoxylin and eosin; a, cervical region; b, thoracic region;
¢, dorsal region; d, lateral side of pelvic limb. AD, adipose tissue; ED, epidermis; F,
Folliculus; ML, muscle layer; MP, Mm. pennarum; SP, Stratum profundum of the
dermis; SS, Stratum superficiale of the dermis. Bars indicate 100 um.
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Table 2.
estradiol (E2) or vehicle (control)

Dermal thickness (um) in male chicks administered with

Cervical Thoracic Dorsal Lateral side of leg
E2 127425.8 205+32.4 170%28.0 181£28.1
Control 148+15.7 200£21.3 227+22.5 195+13.9
Means=SEM (n=35 per group).
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Fig. 2. Relative ESR1, ESR2 and GPER mRNA expres- Fig. 4. Collagen contents in skin from various regions of

sion in skin from various regions of male chicks. Cervical
(C), thoracic (T), dorsal (D) regions and lateral side of pelvic
limb (L) in skin from male chicks administered with vehicle
(Cont) or estradiol (E2). * b Significant differences in means
(p<<0.05). Data are shown as means=SEM (n=3-4).

other regions.
Real-time RT-PCR Analyses

Figure 2 shows ER expression in skin from the various
regions. Messenger RNA levels of ESRI were significantly
higher in the thoracic region of chicks administered with
estradiol, than vehicle (»<<0.05) and significantly higher than

male chicks. Cervical (C), thoracic (T), dorsal (D) regions
and lateral side of pelvic limb (L) in skin from male chicks
administered with vehicle (Cont) or estradiol (E2). &b Sig-
nificant differences in means (p<<0.001). Data are shown as
meanst SEM (n=4 per group).

in any other regions within the estradiol group (»<<0.001).
The mRNA expression of ESRI was significantly higher in
the thoracic region than in the pelvic limb of control chicks
(»<<0.05), whereas that of ESR2 and GPER mRNA did not
significantly differ in any region between the groups or within
each group.
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The real-time RT-PCR results showed that COL141 mRNA
expression in any region did not differ between the groups
(Fig. 3). However, COL1AI mRNA levels were significantly
higher in the lateral side of the pelvic limb than in other
regions in the control and estradiol groups (»p<<0.05 and
p<0.001, respectively).

Collagen Content

Figure 4 shows that the collagen content in the skin of each
body region did not significantly differ between the groups.
However, collagen was significantly more abundant in the
pelvic limb than in the other regions in the two groups
(p<<0.001 for both).

Discussion

The collagen content in skin and the effects of collagen on
human skin aging have been extensively studied (Calleja-
Agius et al., 2007). Skin collagen and estrogen closely cor-
relate in postmenopausal women (Brincat et al., 2005; Hall
and Phillips, 2005). However, collagen in skin has mostly
been investigated in humans and rodents. Only a few studies
have examined this topic in domestic animals despite the
economic importance of leather and food products prepared
from skin (Maiorano et al., 1995; Pines et al., 1996; Fang et
al., 2012; Erickson et al., 2013). The collagen concentration
in skin is greater in normal rams than in castrated or zeranol-
implanted rams (Maiorano et al., 1995). Furthermore, the
ratio (%) of soluble collagen in the skin is higher in rams and
zeranol-implanted rams than in wethers, and insoluble col-
lagen concentrations are lowest in the skin of zeranol-im-
planted rams. Because zeranol is a non-steroidal estrogen
agonist, estrogen might decrease collagen concentrations in
sheep skin. The collagen content in the skin of chicks in-
creases with age and is higher in males than in females, but
this difference is not significant until 7 weeks of age (Pines et
al., 1996). Our previous findings suggested that estradiol
inhibits collagen synthesis in the livers of growing chickens
(Nishimura et al., 2017). Therefore, we speculated that estra-
diol also inhibits collagen synthesis in chicken skin.

Ovariectomized female rats have reduced epidermal
growth, and the subcutaneous administration of low and high
concentrations of estrogen respectively induce and suppress
proliferation (Dunaif and Finerty, 1950). In contrast, estrogen
administered to ovariectomized female mice for 4 days does
not change epidermal or dermal thickness in skin from four
regions of the body (Coppola and O’Connell, 1989). Estrogen
prevents collagen loss and increases skin thickness in post-
menopausal women (Archer, 2012), whereas estradiol ad-
ministered to ovariectomized rats for 36 weeks does not
change dermal thickness (Berger et al., 2010). The collagen
content is increased in chick thoracic skin, but collagen type I
gene expression decreases with growth, although it is higher
in male, than in female chicks (Pines et al., 1996). The find-
ings of light microscopy did not reveal any notable differences
in the epidermis and dermis of male chicks given S-estradiol
for 3 weeks compared with control male chicks. Although the
skin is thicker in male, than in female chickens (Salim et al.,
2012), we showed that estradiol did not change the collagen

content in chick skin. These findings suggested that the thick-
ness and collagen content of male chick skin are not affected
by estradiol. Further studies are needed to clarify sex differ-
ences in the thickness of the chicken skin.

Both ER« and ER/3 are localized in the human epidermis
(Pelletier and Ren, 2004), and ERa does not change, whereas
ER/ gradually decreases with age (Inoue ef al., 2011). Es-
trone injected into mice induces an increase in epidermal
mitosis and thickness (Bullough, 1947). However, the skin is
thicker and contains more collagen in ERa-deficient, than
WT mice, whereas an ERf deficiency leads to a decrease in
thickness and collagen content (Markiewicz et al., 2013). We
found significantly more ESRI mRNA expression in the
thoracic, than in any other tested region in both groups, and
that estradiol significantly increased these levels. However,
ESR2 and GPER mRNA expression did not significantly
differ in any tested regions between the groups. Although
COL1A41 mRNA expression was more abundant in the pelvic
limb than in the other regions, the relative amount of ESR/
mRNA was the lowest in this area. These results suggested
that a high collagen content and more abundant COLIAI
mRNA expression in the pelvic limb skin are not associated
with estradiol stimulation. In contrast, thoracic skin was the
most sensitive to estradiol stimulation, because ESRI expres-
sion increased in the four regions investigated herein.

Considering the effect of estrogen on the thoracic skin,
many birds develop a brood patch (ventral apterium) during
the breeding season, and this can be induced by exogenous
estradiol (Steel and Hinde, 1964). Dermal thickness is in-
creased by connective tissue hyperplasia during patch for-
mation (Jones, 1971). The present study found that estradiol
did not affect collagen synthesis or dermal thickness, but
increased ESR/ mRNA expression in thoracic skin. Further-
more, ESRI mRNA expression was more abundant in the
thoracic skin than in the other regions tested, even in control
chicks. Although we used male chicks in the present study
and did not observe incubation behavior in Rhode Island Red
hens reared in pens, increased ESR/ mRNA expression in
thoracic skin might have been associated with brood patch
formation.

In conclusion, collagen synthesis in chicken skin is most
active in the pelvic limb, but estradiol does not affect dermal
thickness and collagen synthesis in male chick skin. Estradiol
stimulates ESRI mRNA expression in thoracic skin, which
might be related to brood patch formation. It is probable that
other factors will affect the sex difference in the collagen
content in chicken skin. Further studies need to clarify it.
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