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Abstract. The present study aimed to investigate the effects
of sericin on the p38MAPK signaling pathway and nucleotide‑
binding oligomerization domain‑like receptor protein 3
(NLRP3) inflammasome in the kidney of rats with type 2
diabetes mellitus (T2DM). A total of 36 male Sprague‑Dawley
rats were randomly divided into the normal group, T2DM
model group and sericin group (n=12 rats/group). A T2DM
model was developed through intraperitoneal injection of
streptozotocin (35 mg·kg‑1·d‑1 for 2 consecutive days), and a
high‑fat and high‑sugar diet. The T2DM rats in the sericin
group were administered 2.4 g·kg‑1·d‑1 sericin for 35 days, and
rats in the other groups were administered an equal volume of
normal saline for 35 days. Fasting blood glucose was measured
using the glucose oxidase method. Kidney tissue morphology
was observed by H&E staining. Immunohistochemistry,
western blotting, ELISA and reverse transcription‑quantitative
PCR were used to detect the levels of MKK6, p38MAPK,
phosphorylated (p)‑p38MAPK, NF‑κ B, IL‑1β, IL‑6, NLRP3
and caspase‑1 in rat kidney tissues. The results revealed
that blood glucose concentration, and the expression levels
of MKK6, p‑p38MAPK, NF‑κ B, IL‑1β, IL‑6, NLRP3 and
caspase‑1 were significantly increased in the T2DM group
compared with those in the normal group (P<0.05). In addi‑
tion, obvious pathological changes were observed in the
T2DM group. Conversely, glucose concentration, and the
expression levels of MKK6, p‑p38MAPK, NF‑κ B, IL‑1β, IL‑6,
NLRP3 and caspase‑1 were significantly reduced in the sericin
group compared with those in the T2DM group (P<0.05). The
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pathological changes were also obviously reduced. Notably,
there was no significant difference in p38MAPK expression
among the three groups (P>0.05). Collectively, the present
study revealed that sericin may downregulate the expression
levels of MKK6, p‑p38MAPK, NF‑κ B, IL‑1β, IL‑6, NLRP3
and caspase‑1, and inhibit activation of renal p38MAPK
signaling and NLRP3‑associated inflammation, which in turn
may protect against kidney damage caused by T2DM.
Introduction
Diabetic nephropathy (DN) is one of the most common and
serious chronic complications of diabetes. Without appropriate
treatment, DN can progress to end‑stage renal disease (1,2);
however, the pathogenesis of DN is complex and unclear.
Previous studies have revealed that DN is associated with
genetic susceptibility, abnormal renal hemodynamics, oxida‑
tive stress and inflammatory response (3‑5). The p38MAPK
signaling pathway is an important branch of the MAPK
pathway, which is activated in the kidney, and can promote
glomerulosclerosis and tubulointerstitial fibrosis by partici‑
pating in inflammatory reactions and oxidative stress (6).
Nucleotide‑binding oligomerization domain‑like receptor
protein 3 (NLRP3) inflammasome is a molecular platform that
activates caspase‑1. The NLRP3 inflammasome can regulate
the maturation and secretion of pro‑inflammatory cytokines,
and can thus regulate the chronic inflammatory response (7,8).
Sustained hyperglycemia in type 2 diabetes mellitus (T2DM)
can activate the p38MAPK signaling pathway and the NLRP3
inflammasome, which can further affect the occurrence and
development of DN by regulating the expression of down‑
stream related factors (9‑11) Therefore, studying changes in
the p38MAPK signaling pathway and NLRP3 inflamma‑
some in the kidneys of patients with diabetes may be of great
significance for further study of the pathogenesis of DN.
At present, the clinical treatment of T2DM includes
improving diet, appropriate exercise, drug control of blood
glucose and surgery (12‑14). Most of these drugs can control
blood glucose well, but long‑term use is prone to drug
resistance and adverse reactions (3,14). For example, oral
hypoglycemic drugs such as sulfonylureas, biguanides and
insulin sensitizers can cause drowsiness and gastrointestinal
reactions (13). After subcutaneous injection, allergic reactions,
sarcoidosis and blood stasis may occur. In addition, it may
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cause lipoatrophy under the skin, which will lead to unstable
insulin absorption, and it is very difficult to resolve spontane‑
ously once it occurs (14). Therefore, it is necessary to identify
a drug with reliable therapeutic effect, fewer adverse reactions
and good kidney protection.
Sericin is a water extract obtained from the cocoon of
silkworms (Bombyx mori) and is a natural water‑soluble
protein. It has been demonstrated that sericin can effectively
reduce blood glucose in rats with T2DM and protect against
diabetes‑induced kidney damage (15,16). However, the under‑
lying mechanism is currently unclear. The present study aimed
to investigate the protective effects and underlying mechanism
of sericin on kidney injury in rats with T2DM. Changes in key
proteins associated with the p38MAPK signaling pathway and
NLRP3 inflammasome were analyzed. The present findings
may provide novel insights for the prevention and treatment of
T2DM and its complications.

Detection of blood glucose levels. Blood samples from each
group of rats were centrifuged at 800 x g for 20 min at 4˚C.
The serum was then collected and glucose levels were detected
using the Beckman Coulter AU5800 Automatic Biochemical
Analyzer (Beckman Coulter, Inc.).

Materials and methods

Immunohistochemistry. Kidney tissue sections were
incubated with 3% H 2O2‑methanol for 30 min at 37˚C to
inactivate endogenous peroxidase activity. Antigen retrieval
was then performed in a microwave for 8 min with 0.01 M
citrate buffer (pH, 6.0). Subsequently, tissue sections were
incubated with the following primary antibodies at 4˚C
overnight: MKK6 (1:100; cat. no. A2575; Wuhan Aibotek
Biotechnology Co., Ltd.), phosphorylated (p)‑p38MAPK
(1:50; cat. no. sc‑166182; Santa Cruz Biotechnology, Inc.),
NF‑κ B (1:50; cat. no. ab16502; Abcam), NLRP3 (1:100;
cat. no. DF7438; Affinity Biosciences), caspase‑1 (1:200;
cat. no. A0964; Wuhan Aibotek Biotechnology Co., Ltd.),
IL‑1β (1:200; cat. no. AF5103; Affinity Biosciences) and IL‑6
(1:200; cat. no. DF6087; Affinity Biosciences). After washing
with PBS, secondary antibodies (1:300; Biotin labeled goat
anti‑rabbit IgG polymer; cat. no. SP‑9001; Beijing Zhong
Shan‑Golden Bridge Biological Technology Co., Ltd.) were
added and incubated at 37˚C for 40 min. After DAB staining at
room temperature for 2 min, hematoxylin counterstaining was
performed at room temperature for 3 min. Brownish yellow
and/or tan particles in the glomeruli and/or renal tubules were
considered positive staining. Six rats were randomly selected
from each group, and three non‑continuous kidney slices were
randomly selected from each rat. Three non‑overlapping fields
containing glomeruli and tubules were randomly selected for
observation in each slice. The integrated optical density value
of the positive staining in each visual field was calculated
using Image‑ProPlus 6.0 software (Media Cybernetics, Inc.),
and the average optical density value was taken as the relative
expression level of the target protein.

Animals. Male Sprague‑Dawley rats (n=42; weight, 170‑190 g;
age, 5‑6 weeks) were purchased from Beijing Vital River
Laboratory Animal Technology Co., Ltd. and were maintained
under standard conditions (Temperature, 20‑24˚C; humidity,
50‑55%; free access to food and water; 12/12 h light/dark
cycle). The health and behaviors of the rats were monitored
every day. The main humane endpoints of reduced heart rate
and respiration rate were used to determine when animals
should be euthanized. All animal experimental procedures
were approved by the Ethics Committee of Chengde Medical
University (Chengde, China).
Establishment of a rat model of T2DM. A rat model of T2DM
was established in 30 rats according to previous studies (17‑19).
Briefly, rats were fed a high‑fat and high‑sugar diet (59% of
basic feed, 20% of white sugar, 3% of egg yolk, 18% of lard) for
4 weeks (20,21), and were then intraperitoneally injected with
35 mg·kg‑1·d‑1 streptozotocin (Sigma‑Aldrich; Merck KGaA)
for 2 days. If fasting blood glucose was ≥11.1 mmol·l‑1 for three
consecutive measurements at 72 h after the last injection, the
T2DM model was considered successfully established. During
model establishment, six rats died (22‑24).
Animal grouping and treatment. After successful T2DM
modeling, the rats continued to be fed with a high‑fat and
high‑sugar diet for 4 weeks (17). Subsequently, the T2DM
model rats were randomly divided into the T2DM model group
and the sericin group (n=12 rats/group). Rats in the sericin and
T2DM model groups were administered 2.4 g·kg‑1·d‑1 sericin by
gavage and an equal volume of normal saline, respectively, for
35 days. In parallel, rats in the normal group (fed with a normal
diet ad libitum; n=12) were administered an equal volume of
normal saline for 35 days. After treatment for 35 days, the
rats in each group were fasted for 12 h. Blood samples were
collected via the tail vein for blood glucose testing once a
week; 5‑10 µl blood was collected each time. Kidney tissues
were collected following anesthesia (intraperitoneal injection
of 300 mg/kg 10% chloral hydrate) and sacrifice by decapita‑
tion. During anesthesia, the rats did not exhibit any signs of
peritonitis, pain or discomfort.

H&E staining. The kidney morphology of each group was
observed by H&E staining. Briefly, kidney samples were fixed
in Bouins fixative liquid [a mixture of picric acid saturated
liquid (1.22%), formaldehyde and glacial acetic acid in a ratio of
15:5:1] at room temperature for 24 h, embedded in paraffin and
cut into 5‑µm sections. The sections were stained with hema‑
toxylin (room temperature for 7 min), eosin (room temperature
for 1 min), dehydrated in gradient ethanol and incubated with
xylene (room temperature for 30 min). The samples were
then observed under a light microscope (OLYMPUS BH‑2;
Olympus Corporation).

Western blotting. Total protein was extracted from kidney tissues
using the RIPA (cat. no. R0020, Beijing Soleibao Technology
Co., Ltd.) and quantified using the BCA protein concentration
determination kit (cat. no. PC0020, Beijing Soleibao Technology
Co., Ltd.). Total protein (60 µg) was separated by SDS‑PAGE on
10‑12% gels and was then transferred onto PVDF membranes
(cat. no. IEVH10100; EMD Millipore). After blocking with
5% non‑fat milk at room temperature for 1 h, membranes
were incubated with the following primary antibodies at
room temperature for 2 h: MKK6 (1:500; cat. no. A2575;
Wuhan Aibotek Biotechnology Co., Ltd.), p38MAPK
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Table I. Primers used in this study.
Gene
MKK6
p38MAPK
NF‑κB
IL‑1β
IL‑6
NLRP3
Caspase‑1
GAPDH

Sequence (5'‑3')
F:
R:
F:
R:
F:
R:
F:
R:
F:
R:
F:
R:
F:
R:
F:
R:

AACGGCCCACGTATCCAGAG
CCACCAATCCACAGTAGGGTCA
TTACCGATGACCACGTTCAGTTTC
AGCGAGGTTGCTGGGCTTTA
GATGGGACGACACCTCTACACATA
CCCAAGAGTCGTCCAGGTCA
CCCTGAACTCAACTGTGAAATAGCA
CCCAAGTCAAGGGCTTGGAA
ATTGTATGAACAGCGATGATGCAC
CCAGGTAGAAACGGAACTCCAGA
CTGAAGCATCTGCTCTGCAACC
AACCAATGCGAGATCCTGACAAC
ACTCGTACACGTCTTGCCCTCA
CTGGGCAGGCAGCAAATTC
GGCACAGTCAAGGCTGAGAATG
ATGGTGGTGAAGACGCCAGTA

Primer length (bp)
147
107
130
111
150
87
190
143

F, forward; R, reverse; NLRP3, nucleotide‑binding oligomerization domain‑like receptor protein 3.

(1:500; cat. no. AF6456; Affinity Biosciences), p‑p38MAPK
(1:1,000; cat. no. sc‑166182; Santa Cruz Biotechnology, Inc.),
NF‑κ B (1:2,000; cat. no. ab16502; Abcam), NLRP3 (1:1,000;
cat. no. DF7438; Affinity Biosciences), caspase ‑1 (1:500;
cat. no. A0964; Wuhan Aibotek Biotechnology Co., Ltd.) and
β ‑actin (1:500; cat. no. AF7018; Affinity Biosciences). The
secondary antibody (1:10,000; cat. no. 074‑1806; KPL, Inc.)
was then added and the membranes were incubated at room
temperature for 1.5 h. Subsequently, the membranes were
washed and subjected to color development using the Super
ECL Plus ultra‑sensitive luminescent solution (cat. no. P1050;
Beijing Pulilai Gene Technology Company). The gray intensi‑
ties of each band were measured using Quantity One‑v 4.6.2
software (Bio‑Rad Laboratories, Inc.). The ratio of the gray
value of the target protein to β‑actin was taken as the relative
expression level of each target protein.

performed using 12.5 µl SYBR Premix Ex TaqII (Takara
Biotechnology Co., Ltd.; cat. no. RR820A), 1 µl PCR forward
primer, 1 µl PCR reverse primer, 2 µl cDNA and 8.5 µl
ddH2O. The thermocycling conditions were as follows: 95˚C
for 30 sec, followed by 40 cycles at 95˚C for 5 sec and 60˚C
for 30 sec, and a final step at 60˚C for 5 min. The relative
expression level of each target gene was analyzed using the
2‑∆∆ Cq method (25).

ELISA. The detection of IL‑1β and IL‑6 in serum was performed
using the Rat IL‑1β/IL‑6 ELISA kit (RayBiotech, Inc.; IL‑1β,
cat. no. Q63264; IL‑6 cat. no. P20607), according to the manu‑
facturer's protocol. The absorbance was measured at 450 nm
using a microplate reader (ELX808; BioTek Corporation). The
corresponding concentration was then calculated.

Results

Reverse transcription‑quantitative PCR (RT‑qPCR). Total
RNA was extracted from 100 mg kidney tissue using
the TaKaRa MiniBEST Universal RNA Extraction kit
(cat. no. 9767; Takara Biotechnology Co., Ltd.). cDNA
was then generated by using the PrimeScript™ RT Master
Mix (Takara Biotechnology Co., Ltd.; cat. no. RR036A) at
37˚C for 15 min, and 85˚C for 5 sec. The mRNA expression
levels of MKK6, p38MAPK, NF‑κ B, IL‑1β, IL‑6, NLRP3,
caspase‑1 and GAPDH genes were detected with RT‑qPCR.
The primer sequences are listed in Table I. qPCR was

Statistical analysis. Data were analyzed using IBM SPSS
Statistics 21.0 statistical software (IBM Corp.). Data are
presented as the mean ± SD of three independent experi‑
ments. Multi‑group comparisons were performed by one‑way
ANOVA and pairwise comparisons were conducted using
LSD‑t post hoc test. P<0.05 was considered to indicate a
statistically significant difference.

Sericin reduces blood glucose levels in rats. To investigate
the effects of sericin on blood glucose levels, blood glucose
was measured using the glucose oxidase method. The blood
glucose of rats in the normal, T2DM model and sericin groups
was 10.83±2.03, 29.45±4.82 and 13.20±4.09 mmol·l‑1, respec‑
tively (Table II). The blood glucose levels in the T2DM model
group were significantly higher than those in the normal group
(P<0.05), whereas those in the sericin group were significantly
lower than those in the T2DM model group (P<0.05).
Sericin relieves the T2DM‑induced pathological changes to
the rat kidney. To further address the effects of sericin, H&E
staining was conducted to detect the morphological structure of
rat kidneys in each group. Compared with in rats in the normal
group, renal glomerular hypertrophy and mesangial hyperplasia,
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Table II. Blood glucose levels of each group.

Blood glucose (mmol·l‑1)

Normal group

T2DM model group

Sericin groups

10.83±2.03

29.45±4.82a

13.20±4.09b

P<0.05, compared with normal group; bP<0.05, compared with T2DM model group.

a

Figure 1. Morphological structure of the rat kidney in each group. H&E staining was performed to observe the pathological changes in the normal, T2DM model and
sericin groups. Black arrows: Mesangial matrix; Green arrows: Mesangial cells; Red arrows: Basement mem brane. Scale bar, 50 µm. T2DM, type 2 diabetes mellitus.

thickened basement membrane and extracellular matrix accu‑
mulation were detected in the T2DM model group (Fig. 1). The
renal pathological manifestations in the sericin group were
obviously reduced. The renal mesangial hyperplasia, basement
membrane thickening and renal interstitial fibrosis were milder
in the sericin group than those in the T2DM model group.
Sericin suppresses the expression of p38MAPK signaling
pathway‑related proteins and genes in the rat kidney. The
present study measured the effects of sericin on the expres‑
sion levels of p38MAPK signaling pathway‑related proteins.
The positive staining of MKK6, p‑p38MAPK, NF‑κ B, IL‑1β
and IL‑6 protein was shown as brownish yellow and/or brown
granules, which were mainly distributed in renal tubular
epithelial cells and mesangial cells (Fig. 2A). The protein
expression levels of MKK6, p‑p38MAPK, NF‑κ B, IL‑1β and
IL‑6 were highest in the T2DM model group and lowest in
the normal group (Fig. 2B). The results of western blotting
are shown in Fig. 3A. Clear MKK6, p38MAPK, p‑p38MAPK,
NF‑κ B and β‑actin bands were observed at 37, 43, 43, 45 and
42 kDa, respectively. The protein expression levels of MKK6,
p‑p38MAPK and NF‑κ B were highest in the T2DM model
group and lowest in the normal group (Fig. 3B). Levels of
IL‑1β and IL‑6 were further analyzed using ELISA (Fig. 3C).
The levels of IL‑1β and IL‑6 in the kidney tissue of the
T2DM model group were significantly higher than that of
the normal group (P<0.05); while those in the sericin group
were significantly lower than that of the T2DM model group
(P<0.05). The mRNA expression levels of MKK6, p38MAPK,
NF‑κ B, IL‑1β and IL‑6 were measured using RT‑qPCR
(Fig. 3D). Statistically, the protein and mRNA expression
levels of MKK6, NF‑κ B, IL‑1β and IL‑6 in the kidneys of the
T2DM model group were significantly higher than those in
the normal group (P<0.05). Notably, the protein and mRNA
expression levels of MKK‑6, NF‑κ B, IL‑1β and IL‑6 were
significantly lower in the sericin group compared with those

in the T2DM model group (P<0.05). The protein expression
levels of p‑p38MAPK were significantly higher in the kidney
of rats in the T2DM model group than those in the normal
group (P<0.05), whereas the protein expression levels of
p‑p38MAPK were significantly lower in the kidney of rats the
sericin group compared with those in the T2DM model group
(P<0.05). However, there was no significant difference in the
mRNA and protein expression levels of p38MAPK in each
group of rats (P>0.05). Taken together, these results indicated
that sericin reduced the expression of p38MAPK signaling
pathway‑related genes and proteins in rat kidney samples.
Sericin reduces the expression of NLRP3 and caspase‑1 in the
kidneys of rats. The present study further tested the effects of
sericin on the expression levels of NLRP3 and caspase‑1. Using
immunohistochemistry, NLRP3 and caspase‑1 proteins were
shown as brownish yellow and/or tan granules. NLRP3 protein
was mainly expressed in the cytoplasm of renal tubular epithe‑
lial cells, and caspase‑1 protein was mainly expressed in renal
tubular epithelial cells and mesangial cells (Fig. 4A). The protein
expression levels of NLRP3 and caspase‑1 were highest in the
T2DM model group and lowest in the normal group (Fig. 4B).
The results of western blotting are shown in Fig. 5A. Clear
NLRP3, caspase‑1 and β‑actin bands were seen at 118, 45 and
42 kDa, respectively. Consistently, the protein expression levels
of NLRP3 and caspase‑1 were highest in the T2DM model
group and lowest in the normal group (Fig. 5B). RT‑qPCR
was conducted to detect their expression at the mRNA level
(Fig. 5C). The results showed that the protein and mRNA
expression levels of NLRP3 and caspase‑1 were significantly
higher in the kidney of rats in the T2DM model group than
those in the normal group (P<0.05). Conversely, their expression
levels were significantly lower in the kidney of rats in the sericin
group compared with those in the T2DM model group (P<0.05).
These results indicated that sericin may reduce the expression of
NLRP3 and caspase‑1 in the kidneys of rats.
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Figure 2. p38MAPK signal pathway‑related protein expression in the rat kidney of each group was detected by immunohistochemical staining. (A) Representative
images of the normal, T2DM model and sericin groups are shown. Scale bar, 50 µm. (B) Relative staining intensities were calculated. *P<0.05 vs. the normal
group; #P<0.05 vs. the T2DM model group. T2DM, type 2 diabetes mellitus; p‑, phosphorylated.

Figure 3. Expression of p38MAPK signaling pathway‑related proteins and genes, and IL‑1β and IL‑6 in the rat kidney of each group. (A) Representative western
blotting results of p38MAPK signaling pathway‑related proteins in the normal, T2DM model and sericin groups are shown. (B) Relative protein expression levels
were calculated. (C) ELISA was used to detect protein levels of IL‑1β and IL‑6. (D) Expression of p38MAPK signal pathway‑related mRNA was detected by
reverse transcription‑quantitative PCR. *P<0.05 vs. the normal group; #P<0.05, vs. the T2DM model group. T2DM, type 2 diabetes mellitus; p‑, phosphorylated.

Discussion
T2DM is a chronic metabolic disease characterized by insulin
resistance and multiple organ damage, which often occurs in
the kidneys and can cause DN. DN is one of the serious micro‑
vascular complications of T2DM (26,27). Typical pathological
changes of DN include hypertrophy of renal cells, thickening
of the glomerular basement membrane and accumulation of the
extracellular matrix, which can further cause glomeruloscle‑
rosis and tubulointerstitial fibrosis, and eventually lead to renal
insufficiency or renal failure (28,29). The pathogenesis of DN
has not yet been fully elucidated, but scholars have recognized

that it is caused by the participation of multiple risk factors in
a certain genetic background, and the inflammatory response
is known to have an important role (30,31).
The p38MAPK signaling pathway can regulate the inflam‑
matory response of the kidney and is one of target pathways
of anti‑inflammatory drugs (32). The p38MAPK signaling
pathway is characterized by a three‑level kinase cascade;
under the action of hyperglycemia, MAPK kinase is phos‑
phorylated first, and then the threonine‑tyrosine site in the
p38MAPK domain is phosphorylated to activate p38MAPK
by activating MKK6, which becomes p‑p38MAPK (6,33). The
biological activity of p‑p38MAPK further induces NF‑κ B,
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Figure 4. Expression of NLRP3 and caspase‑1 in the kidney of rats from each group were detected by immunohistochemical staining. (A) Representative
images of the normal, T2DM model and sericin groups are shown. Scale bar, 50 µm. (B) Relative staining intensities were calculated. *P<0.05 vs. the normal
group; #P<0.05, vs. the T2DM model group. T2DM, type 2 diabetes mellitus; NLRP3, nucleotide‑binding oligomerization domain‑like receptor protein 3.

Figure 5. Expression of NLRP3 and caspase‑1 in the kidney of rats from each group. (A) Representative western blotting results of NLRP3 and caspase‑1 in
the normal, T2DM model and sericin groups are shown. (B) Relative protein expression levels were calculated. (C) mRNA expression levels of NLRP3 and
caspase‑1 were detected by reverse transcription‑quantitative PCR. *P<0.05 vs. the normal group; #P<0.05, vs. the T2DM model group. T2DM, type 2 diabetes
mellitus; NLRP3, nucleotide‑binding oligomerization domain‑like receptor protein 3.

allowing it to enter the nucleus from the cytoplasm, where it
binds to the target gene promoter or enhancer to activate IL‑1β
and IL‑6, thus inducing inflammation (34,35). IL‑1β and IL‑6
are important regulators of inflammation. IL‑1β can stimulate
the proliferation of mesangial cells and release reactive oxygen
to participate in kidney inflammation (36,37). IL‑6 is involved
in the inflammatory response of the kidney through promoting
mesangial cell proliferation, extracellular matrix synthesis
and local infiltration of macrophages in renal tissues, and
can accelerate glomerular sclerosis, lead to tubular atrophy
and interstitial fibrosis, and thereby advance the progres‑
sion of DN (37,38). The present study revealed that fasting
blood glucose, and the expression levels of renal MKK6,
p‑p38MAPK, NF‑κ B, IL‑1β and IL‑6 were significantly higher
in the T2DM model group compared with those in the normal
group. These findings indicated that under hyperglycemia, the
p38MAPK signaling pathway was activated in the rat kidney,

which may induce the activation of downstream inflammatory
cells and promote the expression of inflammatory mediators.
This may therefore lead to an increase in the production of
inflammatory factors that affect the kidney tissue, and cause
changes in kidney morphology and function. In addition,
hyperglycemia may stimulate the renal p38MAPK signaling
pathway to further induce oxidative stress and accelerate the
process of renal fibrosis, whereas oxidative stress can also
activate the p38MAPK signaling pathway. This vicious cycle
may further promote the occurrence and development of
DN (34,39). Notably, p38MAPK is biologically active only in
the form of p‑p38MAPK; therefore, no significant difference
was detected in p38MAPK expression between the groups of
rats in the present study.
The NLRP3 inflammasome is an important part of the
immune inflammatory response and has been reported to
serve an important role in the occurrence and development
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of DN (40). The NLRP3 inflammasome consists of NLRP3,
caspase‑1 and apoptosis‑related speckle‑like protein. Under
the stimulation of hyperglycemia, the domain of NLRP3 is
changed and the caspase‑1 precursor is cleaved to generate
active caspase‑1 with hydrolase activity. Activated caspase‑1
can promote the processing of inactive IL‑1β precursors, and
also induce the maturation and secretion of IL‑1β to participate
in the inflammation of the kidney (41‑43). Notably, elevated
IL‑1β levels can also activate NF‑κ B in renal tubular epithelial
cells, further amplifying the inflammatory response and accel‑
erating the process of renal fibrosis (44). In the present study,
the expression levels of NLRP3 and caspase‑1 were signifi‑
cantly higher in the kidney of rats in the T2DM model group
compared with those in the normal group, thus suggesting that
under hyperglycemic conditions, the NLRP3 inflammasome
may be activated, which could further aggravate the inflam‑
matory response of the kidney, causing significant pathological
changes in the kidneys of the T2DM model group rats.
DN is a fatal chronic complication of diabetes. Once it
develops into end‑stage renal disease, severe and complex
metabolic disorders often occur, resulting in poor prog‑
nosis (45). Therefore, only with early targeted prevention and
treatment of DN can further development of kidney damage
be effectively controlled and delayed. At present, the treatment
of clinical DN is mainly based on hypoglycemic, antihyper‑
tensive, lipid‑lowering and anti‑inflammatory therapies, and
other measures (46). Although various hypoglycemic drugs
can control blood glucose, long‑term administration is prone
to induce drug resistance, and liver and kidney damage.
Therefore, a large number of studies have focused on natural
drugs that have a reliable hypoglycemic effect and exhibit
kidney protection (47‑49). Sericin is a natural water‑soluble
protein found in silk cocoons, which is composed of 18 amino
acids. In the molecular structure, hydroxyl, carboxyl and amino
groups of amino acids with strong polar side groups account
for the vast majority (50). Sericin is biodegradable and has
no toxic side effects on the human body. In China, silkworm
cocoons soaked in boiling water have been reported to reduce
blood glucose (51). Our previous studies also demonstrated
that sericin was able to lower blood glucose and protect organs,
such as the liver, kidney and islet cells (16,52,53); however, the
specific underlying mechanism is still unclear. In the present
study, the rats were treated with sericin by gavage. The levels
of fasting blood glucose, and the expression levels of MKK6,
p‑p38MAPK, NF‑κ B, IL‑1β, IL‑6, NLRP3 and caspase‑1 in
the kidney were lower in the sericin group than those in the
T2DM model group. In addition, the pathological changes in
the kidneys of the sericin group were markedly reduced. These
findings indicated that the expression of related factors in the
p38MAPK signaling pathway and NLRP3 inflammasome in
the kidney of rats with T2DM changed following gavage treat‑
ment with sericin. Therefore, sericin may reduce blood glucose
and renal injury in T2DM rats by regulating these factors.
The present study had some limitations. Firstly, there was
a lack of experiments on the interaction between sericin and
the p38MAPK signaling pathway in models without hypergly‑
cemia. Secondly, the phosphorylation levels of related factors
in the p38MAPK signaling pathway were not analyzed due to
the limited amount of kidney tissues and the unavailability of
the antibody. Further studies are thus warranted.
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In conclusion, the present study demonstrated that sericin
reduced blood glucose, and inhibited activation of the
p38MAPK signaling pathway and NLRP3 inflammasome
in the kidney of rats with T2DM. These effects may reduce
inflammation, weaken T2DM‑induced kidney damage, and
delay the occurrence and development of DN.
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