Int J Clin Exp Med 2015;8(7):10411-10419
www.ijcem.com /ISSN:1940-5901/1JCEM0006991

Original Article

Effects of sericin on the testicular growth hormone/
insulin-like growth factor-1 axis in a rat

model of type 2 diabetes

Cheng-Jun Song?, Zhen-Jun Yang?, Qi-Feng Tang?*, Zhi-Hong Chen'*

1Department of Anatomy, Chengde Medical College, Chengde, Hebei, P. R. China; 2Department of Anesthesiology,
Suzhou BenQ Medical Center, Nanjing Medical University, Suzhou, Jiangsu, P. R. China. "Equal contributors.

Received February 11, 2015; Accepted July 11, 2015; Epub July 15, 2015; Published July 30, 2015

Abstract: This study investigated the effects of sericin on the testicular growth hormone (GH)/insulin-like growth
factor-1 (IGF-1) axis in rats with type 2 diabetes mellitus. Forty rats were randomly assigned to normal control, type
2 diabetes mellitus, sericin and metformin treated groups. Type 2 diabetes was established by repeated intraperi-
toneal injection of streptozotocin, and identified by blood glucose >16.7 mmol/L at 1 week. The diabetic rats were
given no other treatment, these rats in the sericin group were intragastrically perfused with 2.4 g/kg sericin and
the metformin treated rats were intragastrically perfused with 55.33 mg/kg Metformin daily for 35 consecutive
days. Enzyme-linked immunosorbent assays were used to determine serum testosterone, growth hormone and
IGF-1 levels. Immunohistochemical staining, western blotting and reverse transcription-PCR were used to determine
testicular growth hormone, growth hormone receptor and IGF-1 expression. The sericin significantly reduced serum
growth hormone levels, downregulated growth hormone expression, increased serum testosterone and IGF-1 levels,
and upregulated testicular growth hormone receptor and IGF-1 expression. Moreover, there were no significant
differences in any of the parameters between the sericin and metformin treated groups. These findings indicated
that sericin improved spermatogenic function through regulating the growth hormone/IGF-1 axis, thereby protecting
reproductive function against diabetes-induced damage.
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Introduction

With the rise in the rate of diabetes mellitus
and the decrease in the age of onset, consider-
able research has focused on diabetes melli-
tus-related reproductive function injury. Dia-
betic damage to male reproduction is common-
ly characterized by pathological testicular
changes, diabetes-related erectile dysfunction
and related endocrine changes [1, 2]. The
growth hormone (GH)/insulin-like growth fac-
tor-1 (IGF-1) axis has been shown to interact
with the hypothalamic-pituitary-testicular axis
to both directly and indirectly influence testicu-
lar endocrine function and reproductive func-
tion through regulating gonadotropin-releasing
hormone and gonadotropic hormone release
[3, 4].

The cocoon of the silkworm is composed of
fibroin and sericin. Silkworm cocoons, mainly

the fibroin, have been used in China for thou-
sands of years, but the sericin, accounting for
30% of the floss, is discarded during silk reel-
ing. Sericin is a water-soluble polymer protein
that can easily be extracted from the cocoons
by soaking them in boiling water. It has been
used in cosmetology, skin care, nutrition, anti-
oxidation, and cancer treatment [5-7]. Silkworm
cocoons soaked in water have also been used
for controlling blood glucose levels. Previous
studies have confirmed that sericin can effec-
tively reduce blood glucose concentrations and
improve metabolic blood fat disorder in rats fed
with a high-fat diet and with type 2 diabetes
mellitus (T2DM) [8-10]. The present study inves-
tigated the effects of sericin on the testicular
GH/IGF-1 axis and the possible underlying
mechanism in T2DM rats to provide scientific
support for the application of sericin in the pre-
vention and treatment of diabetes mellitus and
chronic complications.
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Materials and methods
Drugs and reagents

Silkworm cocoons were soaked in water. The
water was extracted, filtrated, and condensed
to prepare sericin. Streptozotocin (STZ) was
purchased from Sigma (St Louis, MO). Blood
glucose detection kits were purchased from
Baoding Changcheng Clinical Reagent Co. Ltd.
(Hebei, China). ELISA kits for serum testoster-
one, GH and IGF-1 were purchased from USCN
Life Sciences, Inc. (Wuhan, China), and Rb was
purchased from Wuhan Boster Biological
Technology, Ltd. (Wuhan, China). Mouse anti-
GH antibody and mouse anti-B-actin monoclo-
nal antibodies were purchased from Santa Cruz
(Santa Cruz, CA). Rabbit anti-GH receptor (GHR)
polyclonal antibody was purchased from Beijing
Biosynthesis Biotechnology (Beijing, China).
Rabbit anti-IGF-1 polyclonal antibody was pur-
chased from Wuhan Boster. Ready-to-use
horseradish peroxidase-labeled goat anti-rab-
bit and goat anti-mouse IgG were purchased
from KPL (Gaithersburg, MD). Trizol was pur-
chased from Invitrogen (CA, USA). GH, GHR and
IGF-1 primers were synthesized by Shanghai
Sangon Bioengineering (Shanghai, China). One-
step reverse transcription-PCR kits were pur-
chased from Dalian Takara (Dalian, China).
Prestained (blue) protein 600 bp DNA Ladder
was purchased from Beijing Taigemei Science
and Technology (Beijing, China).

Animals grouping and treatment

Forty male Sprague-Dawley rats weighing 200-
250 g were provided by the Laboratory Animal
Center of Hebei Medical University (license No.
712024). The food intake of rats were strictly
controlled, and each rat were given fodder
about 15 g/d. Ten rats were randomly selected
as normal controls and were raised with no
specific treatment. The remaining 30 rats were
intraperitoneally injected with 2% STZ (25 mg/
kg) once daily for 3 days to establish T2DM
[11]. Establishment of T2DM was deemed suc-
cessful if the blood glucose concentration
reached more than 16.7 mmol/L after 1 week
[12]. The diabetic rats were randomly assigned
to T2DM, sericin and metformin treated groups,
with 10 animals in each group. The rats in the
sericin group were intragastrically perfused
with 2.4 g/kg sericin daily for 35 consecutive
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days [13]. The rats in the metformin treated
group were intragastrically perfused with 55.33
mg/kg Metformin and those in the T2DM group
were perfused with normal saline of the same
volume for 35 consecutive days [14].

Blood glucose, testosterone, GH and IGF-1

The body weight of rats was measured every
day. After the final drug administration, after 12
hours fasting, all rats were anesthetized by
intraperitoneal injection of 4% chloral hydrate.
Blood was harvested from the posterior orbital
venous plexus via the medial angle of eye, cen-
trifuged at 3000 rpm for 20 minutes using a
LD4-2A centrifuge (Jingli, Beijing, China), and
the serum was collected. Blood glucose was
determined by glucose oxidase method using
an automatic clinical biochemical analyzer
(Hitachi, Japan). Serum testosterone, GH and
IGF-1 levels were measured with ELISA kits.

Testicular GH, GHR, and IGF-1 protein expres-
sion

After blood sampling, the rats were sacrificed
and bilateral testes were immediately harvest-
ed. One testis was fixed in Bouin’s solution, and
the other was placed in liquid nitrogen.
Immunohistochemical staining for IGF-1 protein
expression and quantitative analysis was per-
formed as follows: The testis fixed in Bouin’s
solution was embedded in paraffin and sec-
tioned into 5 um sections using a Leica paraffin
microtome. Sections were immunohistochemi-
cally stained for testicular IGF-1 protein (1:50)
expression. The staining was visualized with
diaminobenzidine and sections were counter-
stained with hematoxylin, dehydrated, cleared
and mounted. The negative control was treated
with PBS rather than a primary antibody.
Positive reactions were identified by brown yel-
low or dark brown particles in the nuclei and/or
cytoplasm. For quantitative analysis of IGF-1
protein immunoreactions, testes of 5 rats from
each group were selected, and 3 sections were
selected per testis. Contorted seminiferous
tubules with intact structures were selected
from each section under a microscope (10x40),
and quantitatively analyzed using the MiVnt
image analysis system (Echung Electronics,
Shandong, China). IGF-1 protein expression
was determined from the ratio of immunoreac-
tive product area to the total area of the field of
view. Mean values were calculated per group.
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Table 1. Primers and amplification conditions of PCR minutes. PCR was con-
Annealing Product ducted at 94°C for 2
temperature Cycle length minutes, followed by

(°C) (bp) cycles of 94°C for 30

Gene  Primer sequence

GH F: 5-TGACACCTACAAAGAGTTCGAGCG-3’ 65 33 368

R: 5-TGTTGGCGTCAAACTTGTCATAGG-3’
GHR F: 5-CTGGGTTGAGTTCATTGAGCTGGAT-3’

R: 5-TGTAGAGGGGAGTTGGTGGGTTGAC-3’
IGF-1  F: 5-CTGGTGGACGCTCTTCAGTTCG-3’

R: 5-TCCTTCTCCTTTGCAGCTTCC-3’
B-actin  F: 5-GAGGGAAATCGTGCGTGAC-3’

R: 5-CTGGAAGGTGGACAGTGAG-3’

seconds, 50-65°C for
30 seconds and 72°C
for 1 minute. PCR primer
sequences and amplifi-
31 280 cation conditions are
listed in Table 1. PCR
products were subjected
to 2% agarose gel elec-

31 394

29 445

Abbreviations: GH, Growth hormone; GHR, growth hormone receptor; IGF-1, insulin-like

growth factor-1.

Western blot assay for testicular GH and GHR
protein expression was performed as follows:
Of the testes stored in liquid nitrogen, 100 mg
tissue from each testis was homogenized and
protein was extracted. Protein concentrations
were quantitated with bicinchoninic acid pro-
tein kits. Protein samples (100 pg) were elec-
trophoresed on a 4% spacer gel and a 15%
separation gel, transferred to membranes at 2
mA/cm? for 2 h, blocked in 5% defatted milk
powder overnight, incubated with primary anti-
body (GH 1:200; GHR 1:100; B-actin 1:1000) at
room temperature, followed by secondary anti-
bodies (1:5000) for 1 h. Super ECL Plus super-
sensitive luminescence solution was used to
develop the membranes. Following film scan-
ning, developed bands were analyzed using the
Quantity One 4.6.2 software (BIO-RAD Crop.,
Hercules, CA, USA), and the absorbance (A)
ratio of target band to B-actin band was calcu-
lated to represent relative protein expression.

Reverse transcription-PCR for testicular GH,
GHR, and IGF-1 mRNA expression

Testicular tissues (100 mg) were ground up in
liquid nitrogen. Total RNA was extracted using
Trizol total RNA extraction kits. RNA (5 uL) was
subjected to 1% agarose gel electrophoresis,
resulting in 3 intact bands (28, 18 and 5 S),
indicating the integrity of the extracted RNA.
The ratio of A, to A, was 1.9, as detected by
ultraviolet spectrophotometer, indicating that
the RNA was not contaminated. Total RNA (3
ug) was used as template and reverse tran-
scribed into cDNA. The reaction conditions
were as follows: 30°C for 10 minutes, 55°C for
30 minutes, 99°C for 5 minutes, and 5°C for 5
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trophoresis (containing
0.5 mg/L Goldview), pho-
tographed using a ZF-
typed ultraviolet reflec-
tion analyzer, and quantitatively analyzed using
the Quantity One 4.6.2 software. The absor-
bance (A) ratio of the target band to the B-actin
band was used to calculate the relative mRNA
expression of target genes.

Statistical analysis

Data were expressed as mean + SD and were
analyzed wusing the SPSS 13.0 software.
Intergroup differences were compared by one-
way analysis of variance, and paired compari-
sons were conducted using g-tests. P<0.05
was considered statistically significant.

Results
Body weight

Body weight in T2DM group were significantly
lower than that in the normal controls (P<0.01),
but were significantly higher in the sericin and
metformin treated groups when compared with
the T2DM group (P<0.05), (Table 2). There was
no significant difference in body weight between
the sericin and metformin treated groups
(P>0.05), indicating that sericin can significant-
ly inhibit body weight in diabetic rats.

Blood glucose levels

Blood glucose levels in T2DM group were sig-
nificantly higher than that in the normal con-
trols (P<0.01), but were significantly lower in
the sericin and metformin treated groups when
compared with the T2DM group (P<0.01),
(Table 2). There was no significant difference in
blood glucose levels between the sericin and
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Table 2. Body weight, blood glucose, serum testosterone, GH and IGF-1 levels

Group Body weight (g) Blood glucose (mmol/L) Testosterone (ug/L) GH (ug/L) IGF-1 (ug/L)
Normal control 227+26° 11.1+£2.2° 1.54+0.182 1.4+0.5° 1125+186°
T2DM 178+21 29.0+5.4 0.35+0.19 2.6+1.1 520122
Sericin 205+23P¢ 14.0+4.034 1.41+0.132¢ 1.4+0.6>¢ 981+1812%¢
Metformin treated 20042304 13.3+3.5%¢ 1.36+0.162¢ 1.4+0.6%¢ 1021+19824
F 7.55 43.39 108.46 6.25 23.62

P <0.01 <0.01 <0.01 <0.01 <0.01

Note: Values are mean + SD. n=10 per group. 2P<0.01, ®P<0.05, vs. T2DM; °P>0.05, 9P<0.05, vs. normal control. Abbrevia-
tions: GH, Growth hormone; IGF-1: insulin-like growth factor-1; T2DM: type 2 diabetes mellitus.

Figure 1. Testicular IGF-1 protein expression in rats (immunohistochemical staining, x200). A. Normal control group.
B. T2DM group. C. Sericin group. D. Metformin treated group. IGF-1 positive products appeared as brown yellow or
brown particles, distributed in the cytoplasm of testicular interstitial cells (—) and supporting cell cytoplasm (/) and
nuclei of primary spermatocytes (A ).

metformin treated groups (P>0.05), indicating
that sericin can significantly reduce blood glu-
cose concentrations in diabetic rats.

Serum testosterone levels

Serum testosterone levels in the T2DM group
were significantly lower than that in the normal
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controls (P<0.01), but significantly higher in the
sericin and metformin treated groups when
compared with the T2DM group (P<0.01),
(Table 2). However, there was no significant dif-
ference in serum testosterone levels between
the sericin and metformin treated groups
(P>0.05). The findings showed that sericin sig-
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Figure 2. Testicular B-actin mRNA (A) and IGF-1 mRNA (B) expression in rats (RT-PCR). (1) Normal control group. (2)
T2DM group. (3) Sericin group. (4) Metformin treated group. The IGF-1 mRNA expression of T2DM group decreased
compared with normal control group; the IGF-1 mRNA expression of sericin group increased compared with T2DM
group.
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Figure 3. Relative testicular IGF-1 expression. Note: 2P<0.01, vs. T2DM; "P<0.05, vs. normal control. Abbreviations:
IGF-1, Insulin-like growth factor-1; T2DM, type 2 diabetes mellitus.

nificantly increases testosterone levels in dia-
betic rats.

Serum GH and IGF-1 levels

Serum GH levels in the T2DM group were sig-
nificantly higher than that in the normal con-
trols (P<0.05), and IGF-1 levels were significant-
ly lower in the T2DM group when compared
with the normal controls (P<0.01), (Table 2).
Compared with the T2DM group, serum GH lev-
els were significantly lower but IGF-1 was sig-
nificantly higher in the sericin (P<0.05, P<0.01)
and metformin treated groups (P<0.01).
Moreover, there were no significant differences
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between the sericin and metformin treated
groups in GH or IGF-1 levels (P>0.05). These
findings show that sericin significantly increase
serum IGF-1 levels but decrease GH levels in
diabetic rats.

Testicular IGF-1 expression

IGF-1-positive products appeared as brown-yel-
low and dark brown particles, distributed in the
cytoplasm of interstitial cells and supporting
cell cytoplasm and nuclei of primary spermato-
cytes (Figure 1). The testicular contorted semi-
niferous tubules of the T2DM group were
deformed or distorted (Figure 1B), and the

Int J Clin Exp Med 2015;8(7):10411-10419
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34 significantly higher in the sericin
and metformin treated groups
thaninthe T2DM group (P<0.01,
P<0.05), (Figure 7). Moreover,
GHR protein expression was sig-
nificantly higher in sericin group
than in metformin treated group
(P<0.01); there were no signifi-

cant differences between the

GHmRNA

Figure 4. Testicular GH protein (A, western blotting) and GH mRNA (B, RT-  gericin and metformin treated

PCR) expression in rats. (1) Normal control group. (2) T2DM group. (3) Seri-
cin group. (4) Metformin treated group. The GH protein and mRNA expres-
sion of T2DM group increased compared with normal control group; the GH

groups about GHR mRNA
(P>0.05). These findings show

protein and mRNA expression of sericin group decreased compared with ~ that sericin significantly upregu-

T2DM group.

number of spermatogenic cells and sperm and
interstitial cells was lower than in the normal
control group (Figure 1A). These pathological
changes were significantly ameliorated in the
sericin (Figure 1C) and metformin treated
(Figure 1D) groups.

Reverse transcription-PCR results showed a
clear IGF-1 mRNA band at 280 bp and a B-actin
mRNA band at 445 bp (Figure 2). Testicular
IGF-1 protein and mRNA expression were sig-
nificantly lower in the T2DM group than in the
normal control rats (P<0.01), (Figure 3), but
were significantly higher in the sericin and met-
formin treated groups than in the T2DM group
(P<0.01). Moreover, there were no significant
differences between the sericin and metformin
treated groups (P>0.05). These findings show
that sericin significantly upregulates testicular
IGF-1 expression in diabetic rats.

Testicular GH expression

GH protein and mRNA (Figure 4) expression
were considerably higher in the T2DM group
than in the normal control rats (P<0.01), but
were significantly lower in the sericin and met-
formin treated groups than in the T2DM group
(P<0.01, P<0.05), (Figure 5). Moreover, there
were no significant differences between the
sericin and metformin treated groups (P>0.05).
These findings show that sericin significantly
downregulates testicular GH expression in dia-
betic rats.

Testicular GHR expression

GHR protein and mRNA (Figure 6) expression
were significantly lower in the T2DM group than
in the normal control rats (P<0.01), but were
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lates testicular GHR expression
in diabetic rats.

Discussion

The GH/IGF-1 axis is an important regulator of
synthesis and metabolism in the human body.
It interacts with the hypothalamic-pituitary-tes-
ticular axis, thereby affecting reproductive
function. GH regulates reproductive function
via GHR through autocrine and paracrine mech-
anisms, affecting the release of gonadotropin-
releasing hormone, prolan B and follicle stimu-
lating hormone, promoting testosterone
synthesis, spermatic formation and activity,
and affecting penile erection [15, 16]. Tissue
sensitivity to GH is associated with GHR and
GH binding protein, and GHR gene expression
is influenced by nutrition, GH, steroid hormones
and diabetes mellitus [17]. Excess GH induces
changes in energy assignment, resulting in
excessive energy for growth but insufficient
energy for the reproduction axis, causing repro-
ductive dysfunction [18]. Moreover, excess GH
inhibits GHR expression [19, 20], leading to GH
resistance, which directly decreases the pro-
motive effects of GH on reproduction and
reduces GH-mediated IGF-1 levels [21]. IGF-1
regulates the proliferation and differentiation
of interstitial cell precursors by increasing ste-
roidogenic enzyme expression and testoster-
one synthesis through autocrine and/or para-
crine mechanisms. Moreover, IGF-1 interacts
with various hormones and cytokines to regu-
late interstitial cell proliferation and differentia-
tion, promoting testosterone synthesis and
regulate reproductive function [4, 22]. In the
present study, serum GH levels were increased,
testicular GH expression was upregulated,
serum IGF-1 was decreased, and testicular
GHR and IGF-1 expression were reduced in STZ

Int J Clin Exp Med 2015;8(7):10411-10419
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Figure 5. Relative testicular GH expression. Note: 2P<0.01, °P<0.05, vs. T2DM; °P<0.01, vs. normal control. Abbre-
viations: GH, Growth hormone; T2DM, type 2 diabetes mellitus.
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Figure 6. Testicular GHR protein (A, western blotting) and GHR mRNA (B,

3 4 levels. However, Metformin pro-
duces a number of adverse
effects, such as anaphylactic
response, gastrointestinal tract
response, transaminase eleva-
tion, hypoglycemic coma, fre-
GHRmRNA quent micturition, megaloblas-
tic anemia and lactic acidosis
[23, 24]. Lactic acidosis is the
most severe adverse effect

RT-PCR) expression in rats. (1) Normal control group. (2) T2DM group. (3)  induced by Metformin, and may
sericin group. (4) metformin treated group. The GHR protein and mRNA ex-  even result in death [25, 26].
pression of T2DM group decreased compared with normal control group; the

GHR protein and mRNA expression of sericin group increased compared with

T2DM group.

diabetic rats, indicating GH/IGF-1 axis disorder
and decline of reproductive function.

In the study, sericin significantly reduced blood
GH levels, downregulated testicular GH expres-
sion, improved blood IGF-1 and testosterone
levels and upregulated testicular GHR and
IGF-1 expression. This suggested that sericin
improved energy distribution by reducing GH
levels, attenuating GH resistance by upregulat-
ing GHR expression, increasing GH-mediated
IGF-1 levels, improving the diabetic GH/IGF-1
axis disorder and improving spermatogenic
function. Moreover, the effects of sericin on
reproductive function were similar to those of
the metformin treated drug Metformin, which is
a traditional drug used to reduce blood glucose
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Sericin is a water soluble pro-
tein, with a variety of bioactivi-
ties. It comprises 18 amino
acids, most of which, such as serine, aspartic
acid, and glutamic acid, have strongly polar lat-
eral groups (hydroxyl, carboxyl and amino
groups). Results from the present study have
clearly showed that sericin can improve sper-
matogenic dysfunction by regulating the GH/
IGF-1 axis disorder in diabetes mellitus. As a
natural protein, sericin also prevents chemo-
synthetic drug-induced toxicity and adverse
effects. Some studies indicated that sericin
can cause a marked elevation in serum adipo-
nectin [8, 9]. While, adiponectin can promote
catabolism of glucose and fat, and improve
insulin sensitivity, alleviate insulin resistance
[27].

There are three major limitations in interpreting
the results of the present study. First of all,

Int J Clin Exp Med 2015;8(7):10411-10419
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Figure 7. Relative testicular GHR expression. Note: 2P<0.01, °P<0.05, vs. T2DM; °P<0.01, 9P<0.05, vs. normal con-
trol; ®P<0.01, vs. positive control. Abbreviations: GHR, Growth hormone receptor; T2DM, type 2 diabetes mellitus.

there are only 40 rats in the study. The sample
size of each group was small. Secondly, there
has several stage of the development of type 2
diabetes mellitus, but in this experiment, we
didn’t know the stage for treatment. Finally, the
mechanism of sericin, which lowered blood glu-
cose to improved reproductive dysfunction in
diabetic rats, is unknown. The additional
research is needed.

Conclusion

In summary, we observed that sericin can
improve spermatogenic dysfunction during dia-
betes mellitus by regulating adiponectin level,
but the exact mechanisms need to be further
studied.
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