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Abstract. The aim of the current study was to investigate 
the regulatory effect of sericin on the hepatic insulin- 
phosphoinositide 3-kinase (PI3K)/protein kinase B (AKT) 
signaling pathway in a type 2 diabetes rat model. Male 
Sprague Dawley rats were randomly divided into four groups: 
Control group, diabetic model group, high-dose sericin group 
and low-dose sericin group, with 12 rats in each group. Fasting 
blood glucose was detected by the glucose oxidase method, 
and hepatic glycogen was determined by periodic acid-Schiff 
staining. The morphology of the liver was observed by hema-
toxylin and eosin staining. Immunohistochemical staining, 
western blotting and reverse transcription-quantitative poly-
merase chain reaction were used to determine the protein 
and mRNA expression levels of insulin receptor (IR), IR 
substrate-1 (IRS-1), PI3K and AKT. Compared with the 
control group, the blood glucose of the diabetic model group 
was significantly increased (P<0.05). The glycogen content 
and the expression levels of IR, IRS-1, PI3K and AKT in 
the diabetic model group were significantly lower (P<0.05), 
and the liver morphological structure of the diabetic model 
group exhibited obvious pathological changes compared with 
the control group. Compared with the diabetic model group, 
the blood glucose of the high- and low-dose sericin groups 
was significantly reduced, while the glycogen content and the 
expression levels of IR, IRS-1, PI3K and AKT in the sericin 
treatment groups were significantly increased (P<0.05). 
Additionally, the liver pathological changes of high-dose and 
low-dose sericin groups were markedly reduced. Sericin may 
enhance the signaling transduction effect of insulin by upregu-
lating the expression levels of key factors (IR, IRS-1, PI3K and 
AKT) in the liver insulin-PI3K/AKT signaling pathway, thus 

promoting glucose transport and liver glycogen synthesis, and 
further reducing blood glucose.

Introduction

Type 2 diabetes is primarily characterized by insulin resis-
tance, and one of the important causes of insulin resistance 
is insulin signal transduction disorder (1,2). Insulin is the 
only hormone in the body that is able to lower blood glucose 
level. It first binds to the insulin receptor (IR) on the cell 
membrane and then activates the phosphoinositide 3-kinase 
(PI3K)/protein kinase B (AKT) or Ras/Raf/mitogen-activated 
protein kinase signaling pathway (3). The PI3K/AKT signaling 
pathway is the primary pathway of insulin signaling transduc-
tion, through which insulin regulates glucose uptake, glycogen 
synthesis and degradation (4).

In the liver, insulin binds to the α subunit of IR on liver 
cells, and then activates IR substrate (IRS). IRS then binds to 
p85, the regulatory subunit of PI3K, and activates p110, the 
catalytic subunit of PI3K. The activated PI3K produces the 
second messengers Phosphatidylinositol (3,4)-trisphosphate 
[PtdIns(3,4)P2] and PtdIns(3,4,5)P3, which promote the 
activation of AKT (5). Activated AKT regulates the process 
of carbohydrate metabolism in hepatocytes via the following 
pathways: First, activated AKT promotes the transfer of 
glucose transporter 4 to cell membranes, which facilitates 
the transportation of extracellular glucose into the cells (6). 
Second, activated AKT mediates glycogen synthesis through 
glycogen synthase kinase 3 (GSK3) (7). Third, activated AKT 
inhibits hepatocyte gluconeogenesis through peroxisome 
proliferator-activated receptor-γ coactivator-α (8). Therefore, 
the insulin-PI3K/AKT signaling pathway serves an important 
function in the regulation of carbohydrate metabolism in liver.

At present, chemical drugs, including metformin, are 
primarily used for the clinical treatment of diabetes (9). 
Blood glucose level is significantly reduced by these drugs, 
but insulin resistance is not effectively improved. In addition, 
long-term use of these drugs can cause a variety of serious side 
effects, leading to liver and kidney damage (10). Therefore, it is 
necessary to develop natural drugs with reliable hypoglycemic 
effects and less toxic side effects.

Sericin is a water-soluble protein of the silkworm cocoon, 
which is composed of 18 different amino acids (11). The content 
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of serine, aspartic acid, threonine and other polar amino acids 
(which are rich in hydroxyl, amino and carboxyl groups) in sericin 
is >70%, therefore sericin possesses good water solubility (12). 
Sericin has been used in wound healing, tissue regeneration, drug 
delivery and biomedicine (11,13). Studies have indicated that the 
addition of sericin to the daily diet may reduce the intestinal 
intake of cholesterol, triglycerides and other lipids, as well as 
improve the body's tolerance to glucose (14,15). Previous studies 
by our group indicated that sericin could effectively reduce 
blood glucose level in a streptozotocin-induced type 2 diabetic 
rat model (16,17). However, the hypoglycemic mechanism of 
sericin remains unclear.

In the current study, a type 2 diabetes rat model was estab-
lished by administration with high-fat and high-glucose diet 
combined with streptozotocin intraperitoneal injection. The 
expression levels of IR, IRS-1, PI3K and AKT in the rat liver 
were analyzed to investigate whether sericin exerts a hypogly-
cemic effect via the insulin-PI3K/AKT signaling pathway. The 
current study may provide an experimental basis for the use of 
sericin in the treatment of diabetes in the clinic.

Materials and methods

Animals, grouping and sampling. A total of 48 specific- 
pathogen-free 6-week-old male Sprague-Dawley rats 
(purchased from Beijing Vital River Laboratory Animal 
Technology Co., Ltd., Beijing, China) were used in the current 
study. The rats were housed with a natural light cycle at 
18‑26˚C and relative humidity of 40‑70%. They were randomly 
divided into four groups: Control group, diabetic model group, 
high-dose sericin group and low-dose sericin group, with 
12 rats in each group. The type 2 diabetes rat model was estab-
lished as follows: by high-fat and high-glucose diet combined 
with streptozotocin (35 mg/kg, twice) intraperitoneal injec-
tion. The rats were fed with high-fat and high-glucose diets 
as previously described (18) for 4 weeks and streptozotocin 
(35 mg/kg) was administered twice in succession by intraperi-
toneal injection. After 72 h, blood glucose was measured and 
rats with a fasting blood glucose of 11.1 mmol/l were deemed 
to have diabetes (17,19). Model rats were fed with high-fat 
and high-glucose diet for another 3 weeks and the diet was 
changed to normal diet when they were fed with sericin. The 
control group was fed with normal diet throughout the experi-
ment. For the high- and low-dose sericin groups, the rats were 
continuously administered with 2.4 and 1.8 g/kg/day sericin 
for 35 days, respectively, while the control rats were adminis-
tered with the same volume of saline for 35 days. All animal 
experiments were approved by the Ethics Committee of 
Chengde Medical University (Chengde, China) and conducted 
according to the ethical guidelines of Chengde Medical 
University.

The rats in each group were fasted for 12 h following 
treatment and anesthetized by intraperitoneal injection of 
10% chloral hydrate (300 mg/kg body weight) (20-22). Then, 
the thoracic cavity was opened and venous blood samples 
were collected from the right atrium of the rats. During blood 
sample collection, rats were in deep anesthesia and no signs 
of peritonitis were observed. Then, the rats were sacrificed by 
decapitation and the left hepatic lobe was collected following 
opening of the abdominal cavity. The blood was centrifuged 

at 800 x g for 20 min at 4˚C, and the serum was isolated. The 
liver tissues were kept in liquid nitrogen until further analysis.

Determination of glucose level. The blood glucose level of 
rats in each group was measured using a glucose oxidase 
method (23) on a Beckman Coulter AU5800 Clinical 
Chemistry Analyzer (Beckman Coulter, Inc., Brea, CA, USA).

Hematoxylin and eosin (H&E) staining. The liver morphology 
of each group was observed under an Olympus BH-2 light 
microscope (Olympus Corporation, Tokyo, Japan) following 
H&E staining. Briefly, the liver tissues were fixed with Bouins 
fixative [a mixture of picric acid saturated liquid (1.22%), 
formaldehyde and glacial acetic acid at a ratio of 15:5:1] 
for 24 h at room temperature and embedded in paraffin, 
and continuously sliced into 5-µm-thick sections. At room 
temperature, the sections were stained with hematoxylin for 
7 min, differentiated with 1% HCl in 70% alcohol for 5 sec, 
stained with eosin for 1 min and dehydrated in a serial ethanol 
solution of increasing concentrations. Then, the sections were 
deparaffinized with xylene and sealed.

Periodic acid‑Schiff staining. The hepatic glycogen content 
was determined by periodic acid-Schiff staining. The liver 
tissues were fixed as above described and embedded in 
paraffin, and continuously sliced into 5‑µm‑thick sections. 
The sections were oxidized with periodic acid for 10 min and 
stained with Schiff reagent for 15 min at room temperature. 
Cell nuclei were re-stained with hematoxylin for 5 min at room 
temperature. Then, sections were deparaffinized with xylene 
and sealed. Cells with red or magenta particles in the cyto-
plasm were defined as positive for glycogen. Tissue sections 
digested with amylase were used as negative controls.

For the quantification of glycogen content, six rat livers 
were randomly selected from each group, three sections were 
selected from each rat liver, and three views were observed 
in each section. The liver lobules with intact tissue structure 
were selected for observation using an light microscope (BH-2; 
Olympus Corporation, Tokyo, Japan; magnification, x200). 
Image-Pro Plus 6.0 image analysis software (Media Cybernetics, 
Inc., Rockville, MD, USA) was used to calculate the integral 
optical density of glycogen in hepatocyte cytoplasm, and the 
mean value was determined as the glycogen content.

Immunohistochemical staining. Protein expression of IR, 
IRS‑1, PI3K and AKT in the liver was analyzed. Briefly, the 
sections were dewaxed and incubated in 3% H2O2-methanol 
at 37˚C for 30 min. Following antigen retrieval by micro-
waving, the sections were blocked with 10% goat serum 
(OriGene Technologies, Inc., Beijing, China) at 37˚C for 
30 min. The sections were then incubated with primary 
antibodies against IR (1:100; cat. no. ab131238), IRS-1 (1:100; 
cat. no. ab131487; both Abcam, Cambridge, MA USA), PI3K 
(1:100; cat. no. 611398; BD Biosciences, San Jose, CA, USA) 
and AKT (1:200; cat. no. ab179463; Abcam) at 4˚C overnight. 
Next, the sections were incubated with goat anti-rabbit IgG 
secondary antibodies, which was provided by the rabbit 
streptavidin-biotin assay system (cat. no. SP-9001; Zhongshan 
Jinqiao Biotechnology Co., Ltd., Beijing, China) according 
to the manufacturer's protocol, and then counterstained with 
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DAB for 5-8 min at room temperature. Cell nuclei were 
re-stained with hematoxylin for 10 min at room temperature. 
PBS was used to substitute the primary antibody as the nega-
tive control. Cells with brownish yellow and/or brown particles 
were defined as positive staining.

For quantification, six rat livers were randomly selected from 
each group, three sections were selected from each rat liver, and 
three views were observed in each section. The liver lobules 
with intact tissue structure were selected for observation by an 
Olympus BH‑2 microscope (magnification, x200). Image‑Pro 
Plus 6.0 image analysis software was used to calculate the 
integral optical density of each protein, and the mean value was 
determined as the corresponding protein expression level.

Western blot analysis. Total protein was extracted by RIPA 
Tissue/Cell Lysates (Beijing Solarbio & Technology Co., 
Ltd., Beijing, China) from 100 mg liver tissues, and the 
protein concentration was determined using a BCA protein 
kit (Kangwei Shiji Biotechnology Co., Ltd., Beijing, China). 
Proteins (108 µg/lane) were separated by 10% SDS-PAGE 
and transferred on to a PVDF membrane. Following blocking 
with 5% skim milk overnight at 4˚C, the membrane was incu-
bated with primary antibodies [IR, IRS-1, AKT (all 1:1,000), 
PI3K (1:500) and β‑actin (1:1,000; cat no. AF7018; Affinity 
Biosciences, Cincinnati, OH, USA)] at room temperature for 
2 h. Then, the membrane was incubated with goat anti-rabbit 
IgG (1:5,000; cat. no. 074-1506) or goat anti-mouse IgG 
(1:5,000; cat. no. 074-1806; both KPL, Inc., Gaithersberg, MD, 
USA) for a further 1.5 h at room temperature. The membrane 
was developed with Super ECL Plus ultra-sensitive lumines-
cent liquid (Applygen Technologies, Inc., Beijing, China). 
The protein bands were analyzed with Quantity One v4.6.2 
software (Bio-Rad Laboratories, Inc., Hercules, CA, USA). 
The density of each target band was calculated relative to the 
β-actin band to determine relative expression levels.

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). Total RNA was extracted from 100 mg liver 

tissues with a TaKaRa MiniBEST Universal RNA Extraction 
kit (cat. no. 9767) and reverse transcribed into cDNA using 
a PrimeScript™ RT Master mix (cat. no. RR036A; both 
Takara Biotechnology Co., Ltd., Dalian, China). The reverse 
transcription protocol was as follows: 37˚C for 15 min and 
85˚C for 5 sec. The sample was put on ice and the obtained 
cDNA was stored at ‑20˚C. Then, the mRNA expression of 
IR, IRS-1, PI3K, AKT and GAPDH was determined by qPCR 
with a SYBR Premix Ex Taq™ II kit (cat. no. RR820A; Takara 
Biotechnology Co., Ltd.). The primer sequences are listed in 
Table I. The PCR procedure was as follows: Pre-denaturation 
at 98˚C for 1 min, followed by 40 cycles of denaturation at 
98˚C for 7 sec, annealing and polymerization at 60˚C for 
30 sec, then final polymerization at 60˚C for 5 min. A relative 
standard curve method (24) was used to quantify the mRNA 
and the relative mRNA expression level of each target gene 
was determined relative to the corresponding GAPDH.

Statistical analysis. Statistical analysis was performed with the 
statistical software SPSS 20.0 (IBM Corp., Armonk, NY, USA). 
All data are expressed as mean ± standard deviation. One-way 
analysis of variance was used to compare multiple groups, 
followed by Tukey's post hoc test. P<0.05 was considered to 
indicate a statistically significant difference.

Results

Morphological changes of liver following sericin treatment. 
To observe the effect of sericin on the liver morphology of type 2 
diabetic rats, H&E staining was performed. In the control group, 
the structure of the hepatic lobules was clear and the hepatocytes 
were arranged in a cord-like manner around the central vein 
(Fig. 1). The cell nuclei were large and round, located in the 
center of cells, and the cytoplasm was stained uniformly. The 
liver sinus was clear. In the diabetic model group, the hepatocytes 
were basically arranged in a cord-like manner around the central 
vein, but the liver cells were swollen, the volume increased, and 
obvious vacuolar structure appeared in the cytoplasm. A number 
of the liver cells exhibited soluble necrosis, and the hepatic sinus 
exhibited stenosis or atresia. Compared with the diabetic model 
group, the pathological changes of the rat liver in the high- and 
low-dose sericin groups were markedly reduced (Fig. 1). Rat 
liver lobular structures in these two sericin treatment groups 
were clear, and the hepatocytes were arranged in a cord-like 
manner around the central vein, with large round nuclei in the 
center of the cells. A small number of hepatocytes exhibited 
vacuolar structure in the cytoplasm, and the liver sinus was clear. 
This indicates that sericin may improve the liver morphological 
structure of type 2 diabetic rats.

Glycogen content in liver following sericin treatment. To 
determine the effect of sericin on the glycogen content 
in type 2 diabetic rat livers, periodic acid-Schiff staining 
was performed. Hepatic glycogen positive expression was 
observed in the liver sections of all groups, indicated by red 
and purple particles in the cytoplasm. As indicated in Fig. 2A, 
the number of positive cells in the control group was high, 
and the staining was dark purple. In the diabetic model group, 
there were fewer positively stained cells, and the staining was 
a lighter reddish color. In the high-dose sericin group, there 

Table I. Primer sequences used for quantitative polymerase 
chain reaction analysis.

Gene Primer sequence (5'-3')

IR F: TCATGGATGGAGGCTATCTGGA
 R: TCCTTGAGCAGGTTGACGATTTC
IRS-1 F: AAGCACCTATGCCAGCATCAAC
 R: GAGGATTGCTGAGGTCATTTAGGTC
PI3K F: CCAGAAGAAGGGACAGTGGTATG
 R: TCGTAGCCAATCAGGGAGGT
AKT F: ATGGACTTCCGGTCAGGTTCA
 R: GCCCTTGCCCAGTAGCTTCA
GAPDH F: GGCACAGTCAAGGCTGAGAATG
 R: ATGGTGGTGAAGACGCCAGTA

IR, insulin receptor; IRS-1, IR substrate-1; PI3K, phosphoinositide 
3-kinase; AKT, protein kinase B.



SONG et al:  SERICIN ENHANCES PI3K/AKT SIGNALING IN TYPE 2 DIABETES3348

was a higher number of positively stained cells compared with 
the low-dose sericin group, and the staining was darker. As 
indicated in Fig. 2B, compared with the control group, the 
glycogen content in the rat liver of the diabetic model group 
was significantly decreased (P<0.05). Compared with the 
diabetic model group, the glycogen content in the liver of the 
high‑ and low‑dose sericin groups was significantly increased 
(P<0.01). Furthermore, the glycogen content in the rat liver of 
the high‑dose sericin group was significantly higher compared 

with the low‑dose sericin group (P<0.01). This indicates that 
sericin may significantly increase the liver glycogen content of 
type 2 diabetic rats.

Blood glucose levels following sericin treatment. To deter-
mine the effect of sericin on the blood glucose level of the 
type 2 diabetic rats, the rat blood glucose level was measured. 
As indicated in Fig. 2C, the blood glucose level in the diabetic 
model group was significantly increased compared with the 

Figure 2. Analysis of liver glycogen content and blood glucose level. (A) Liver glycogen content was evaluated by periodic acid-Schiff staining. Representative 
images are presented. Magnification, x200. (B) Quantification of liver glycogen content. (C) Blood glucose level in each group. *P<0.05 vs. control group; 
#P<0.05 vs. diabetic model group; &P<0.05 vs. low‑dose sericin group.

Figure 1. Analysis of liver morphology. Changes in liver morphology in the control group, diabetic model group, high-dose sericin group and low-dose sericin 
group were observed with hematoxylin and eosin staining. Representative images are presented. Magnification, x200.
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control group (P<0.05). Compared with the diabetic model 
group, the blood glucose levels of the rats in the high- and 
low‑dose sericin groups were significantly decreased (P<0.01). 
However, there was no significant difference in the blood 
glucose levels between the high- and how-dose sericin groups. 
This indicates that sericin may significantly decrease the blood 
glucose levels of type 2 diabetic rats.

Expression of associated factors in the PI3K/AKT signaling 
pathway. The protein levels of IR, IRS-1, PI3K, and AKT were 
detected with immunohistochemical staining and western blot 
analysis. Compared with the control group, the protein expres-
sion levels of IR, IRS‑1, PI3K and AKT were significantly 

decreased in the diabetic model group (P<0.05; Figs. 3 and 4). 
Compared with the diabetic model group, the expression 
levels of these proteins in the liver of the high- and low-dose 
sericin groups were significantly increased (P<0.05; Figs. 3 
and 4). Furthermore, the expression levels of AKT (Fig. 3) 
and IR (Figs. 3 and 4) in the high-dose sericin group were 
significantly higher compared with the low‑dose sericin group 
(P<0.05).

To further verify these results, RT-qPCR was conducted 
to detect the mRNA levels of IR, IRS-1, PI3K and AKT. As 
indicated in Fig. 5, the mRNA levels of IR, IRS-1, PI3K and 
AKT in the diabetic model group were significantly lower 
compared with the control group (P<0.05). However, following 

Figure 3. Analysis of IR, IRS-1, PI3K and AKT protein expression by immunohistochemical staining. (A) IR, IRS-1, PI3K and AKT protein expression in the 
rat livers of each group was detected by immunohistochemical staining (magnification, x200). (B) Quantification of immunohistochemical staining in each 
group. *P<0.05 vs. control group; #P<0.05 vs. diabetic model group; &P<0.05 vs. low‑dose sericin group. IR, insulin receptor; IRS‑1, IR substrate‑1; PI3K, 
phosphoinositide 3-kinase; AKT, protein kinase B.

Figure 4. Analysis of IR, IRS-1, PI3K and AKT protein expression levels by western blotting. (A) Expression of IR, IRS-1, PI3K and AKT proteins in the rat 
livers of each group was detected by western blot analysis. (B) Quantification of protein expression in each group. *P<0.05 vs. control group; #P<0.05 vs. diabetic 
model group; &P<0.05 vs. low‑dose sericin group. IR, insulin receptor; IRS‑1, IR substrate‑1; PI3K, phosphoinositide 3‑kinase; AKT, protein kinase B.
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sericin treatment in the high- and how-dose sericin groups, 
mRNA expression was significantly higher compared with the 
diabetic model group (P<0.05). No significant difference in 
mRNA levels of these genes was identified between the high‑ 
and low-dose sericin groups.

In summary, these results indicate that sericin may promote 
the insulin/PI3K/AKT signaling pathway in type 2 diabetic rat 
liver by upregulating IR, IRS-1, PI3K and AKT expression, 
and thus may reduce blood glucose levels.

Discussion

Type 2 diabetes is a chronic metabolic disease characterized 
by insulin resistance. On a global scale, the incidence of 
type 2 diabetes is increasing year by year, with faster growth 
rates in developing countries (25,26). The expected number 
of patients with type 2 diabetes in 2030 is 552 million (27). 
At present, diabetes has become the third most prevalent 
non-communicable disease that threatens human life 
and health after cardiovascular disease and cancer (28). 
Therefore, it is of great importance to explore the pathogenesis 
of type 2 diabetes and search for effective and economical 
treatments.

Insulin resistance is the initiating factor for the develop-
ment of type 2 diabetes. Researchers have identified that 
the PI3K/AKT signaling pathway is closely associated with 
insulin resistance-associated diseases, including diabetes 
and obesity (29,30). Furthermore, the PI3K/AKT signaling 
pathway is one of the key pathways by which insulin regulates 

blood glucose balance. Reduced expression of PI3K regulatory 
subunit p85, as well as functional defects of PI3K regulatory 
subunit p85 and catalytic subunit p110, may lead to glucose 
and lipid metabolism disorder (31,32) which further indicates 
the important role of this pathway in regulating glucose and 
lipid metabolism.

Hepatic insulin resistance also serves a key function 
in the pathophysiology of diabetes. It has been reported 
that feeding with high-fat diet and alcohol simultaneously 
could induce rat liver insulin resistance through inhibi-
tion of mRNA and protein expression levels of IRS-1 and 
PI3K (33). Rats with non-alcoholic liver disease also present 
typical symptoms of fatty liver, insulin resistance and 
glucose metabolism disorder, and silinin, a hepatoprotective 
agent, may attenuate hepatic steatosis and insulin resistance 
caused by non-alcoholic fatty liver via the IRS-1/PI3K/AKT 
pathway (34). The results of the current study also suggest 
that there may be associations among the hepatic insulin 
PI3K/AKT signaling pathway, hepatic insulin resistance and 
diabetes mellitus.

IR is an important mediator of the insulin PI3K/AKT 
signaling pathway, and its downregulation or mutation 
may lead to reduced insulin sensitivity and insulin resis-
tance (35,36). Consistent with this, the current study 
identified that IR protein and mRNA levels in the type 2 
diabetic model rat liver were significantly reduced. 
Furthermore, IRS-1, PI3K and AKT exhibited the same trend 
as IR. A decrease in AKT level could decrease the release 
and transport of glucose transporter in the vesicles (37). A 

Figure 5. Analysis of IR, IRS-1, PI3K and AKT mRNA expression levels. The expression of (A) IR, (B) AKT and (C) IRS-1 and PI3K mRNA in the rat livers 
of each group was detected by reverse transcription-quantitative polymerase chain reaction. *P<0.05 vs. control group; #P<0.05 vs. diabetic model group. IR, 
insulin receptor; IRS-1, IR substrate-1; PI3K, phosphoinositide 3-kinase; AKT, protein kinase B.
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decrease in AKT could also interfere with GSK3-mediated 
hepatic glycogen synthesis, leading to a significant decrease 
in hepatic glycogen content in diabetic model rats. AKT also 
reduces the inhibition of gluconeogenesis (7). These three 
effects of AKT may finally lead to a significant increase in 
blood glucose levels and insulin resistance in the diabetic 
rats.

Currently, oral hypoglycemic drugs are primarily used 
for the treatment of diabetes. Although various types of 
hypoglycemic drugs may effectively control blood sugar 
and delay the progression of the disease and complications, 
the majority of drugs exert side effects to varying degrees, 
including ineffective improvement of insulin resistance or 
islet cell protection, and drug resistance (38). Therefore, 
in recent years, researchers have turned their attention to 
natural substances that exert hypoglycemic effects, so as to 
obtain a drug that has good absorption and efficacy without 
obvious side effects. The ‘Compendium of Materia Medica’ 
records that cocoons may have effects on diabetes (39). 
Sericin used in the current study is a natural protein in silk-
worm cocoons, which is coated on the outside of silk fibroin, 
accounting for approximately 25% of the cocoon. Sericin is 
usually discarded when reeling. However, cocoons soaked in 
boiling water have long been used to control blood glucose in 
Chinese folk medicine. Modern research indicates that sericin 
is a water-soluble protein consisting of 18 amino acids. It is 
biocompatible, biodegradable and non-toxic to humans, and 
has no obvious side effects (40). Our previous studies also 
identified that sericin could effectively reduce blood glucose 
level (16,17). However, it is not yet clear whether the PI3K/AKT 
signaling pathway is involved in the effect of sericin on blood 
glucose.

The current study observed the effect of sericin on asso-
ciated factors of the PI3K/AKT signaling pathway, including 
IR, IRS-1, PI3K and AKT, in the liver of type 2 diabetic rats, 
and investigated whether sericin could reduce blood glucose 
and improve insulin resistance. Following administration of 
sericin in diabetic model rats, the expression levels of IR, 
IRS‑1, PI3K and AKT in the model rat liver significantly 
increased, the blood glucose level significantly reduced and 
the hepatic glycogen content significantly increased.

In conclusion, the current findings demonstrate that sericin 
is able to increase the expression of IR, IRS-1, PI3K and AKT 
in the liver of diabetic rats at the gene and protein level. Sericin 
may regulate the PI3K/AKT signaling pathway in diabetes to 
enhance the transduction effect of insulin signal and promote 
the synthesis of hepatic glycogen. This may be the mechanism 
by which sericin is able to lower blood glucose and improve 
insulin resistance.
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