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Abstract: This study aims to explore the acting mechanism of the Jianpi Qinghua Recipe (JPQ) in skeletal muscle
of rats. A high fat diet combined with streptozotocin (STZ) was adopted to establish a type 2 diabetic rat model
system. The rats were randomly divided into a normal control group (CON), a model group (IR group), a Jianpi
Qinghua Receipt group (JPQ group) and a pioglitazone treatment group (PIO group), and were administered drugs
intragastrically for 8 consecutive weeks. Compared with the model group, the mRNA and protein expression levels
of P38MAPK and MKK6 in the JPQ group were significantly lower (P < 0.05), while those of MKK3 were significantly
higher (P < 0.05). Western blot results showed that the expression of Glut-4 protein was higher in the JPQ group than
in the model group (P < 0.05). Blood glucose was lower in the JPQ group than in the IR group (P < 0.01) The glucose
infusion rate of diabetic rats after JPQ treatment was significantly higher than in the model group (P < 0.01), and
was not significantly different to that of the PIO (Western medicine) group (P > 0.05). JPQ enhances the insulin sen-
sitivity of skeletal muscle. The mechanism may involve downregulation of the p38MAPK signal pathway in skeletal

muscleand increased expression of GLUT4.
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Introduction

In recent years, with the improvement of living
standards and associated lifestyle changes,
the prevalence of diabetes is increasing, mak-
ing it the most common metabolic endocrine
disease. Studies have demonstrated that the
occurrence and development of type 2 diabe-
tes are closely linked to states of chronic inflam-
mation in the human body [1]. Among these,
insulin resistance (IR), an important pathogen-
esis [2], may be induced by inflammatory fac-
tors, promoting the progression of diabetes
through a variety of signaling pathways [3].

It has been found that skeletal muscle tissue
plays a crucial role in peripheral insulin resis-
tance [4]. As an insulin-sensitive tissue, it is an
important site for the transport and absorption
of glucose. Insulin may act on skeletal muscle
tissues for glucose transportation and uptake
through a series of complex enzymatic cascade

reactions involving mitogen-activated protein
kinases (MAPKs) [5]. Previous studies have
found high expression levels of tumor necrosis
factor-a and other inflammatory factors in tis-
sues displaying insulin resistance in diabetic
patients, especially in the liver and skeletal
muscles [6]. At the same time, the MAPK signal-
ing pathway was found to be abnormally acti-
vated. Regulation of abnormal levels of glucose
metabolism in order to reduce insulin resis-
tance may present a new avenue for the pre-
vention and treatment of diabetes.

Jianpi Qinghua receipt (JPQ) is a cipher pre-
scription in our hospital and functions to invigo-
rate the spleen and kidney and lower blood
sugar, and has effective hypoglycemic proper-
ties in clinical applications. However further
study is required to determine whether it
enables improved insulin resistance in skeletal
muscle through an anti-inflammatory mecha-
nism, thereby lowering blood sugar.
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Table 1. Primer sequence

sheng Technology Co.

Protein Forward primer sequence

Reverse primer sequence

Ltd; an Insulin Kit was

P38MAPK 5’-TAGACGAATGGAAGAGCCTGAC-3’ 5-GGCACTTGAATGGTATTTGGAG-3’
MKK6 5’-CACATGAACTTGAACAGATGCAG-3’ 5-CAGTGCTTCTCGGCTGATCC-3’

purchased from Be-
yotime Biotechnology,
Dalian.

MKK3 5’-TCCGCCATGAGAATGTTATAGGC-3" 5-GGTGGTGTTGATAAGCAGATTGG-3’

Glut4 5’-TGGCTGGAAGTTTGGGACCTA-3"  5’-GTCCAACATCAGCAGGTTCAT-3’
5’-TTACTCCTTGGAGGCCATGT-3’

B-actin 5’-ACTCCCATTCCTCCACCTTT-3’

Modeling, grouping
and drug administra-

In this study we successfully developed a rat
model of type 2 diabetes and observed the
effect of JPQ on the expression levels of
p38MAPK in skeletal muscle tissue. This
allowed us to explore its hypoglycemic effect on
type 2 diabetes and its effect on the improve-
ment of insulin resistance in skeletal muscle.

Materials and methods
The experimental animals

A total of 40 healthy male specific pathogen
free (SPF) Sprague Dawley (SD) rats at 6 weeks
of age and weighing (250 + 50) g were used in
this study. All rats were adaptively fed for 1
week and housed at a temperature of 24 +
2°C, humidity of 40%-60%, and in a light-dark
cycle (14:10). The rats were fed regularly and
were free to drink, ensuring sufficiency of food
and water.

Experimental reagents

Jianpi Qinghua decoctions (Radix codonopsis,
Astragalus mongholicus, Rhizoma dioscorea,
Radix puerariae, Rhizoma coptidis, Scutellaria,
Polygonatum sibiricum, and Ramulus euonymi
alati [5:5:5:5:1:3:5:5]) was provided by the
Department of Pharmacy, ShangHai Shuguang
Hospital. The received material was decocted
and condensed into a TCM decoction contain-
ing 1.3 g/mL of raw medicine, which was stored
in a refrigerator at 4°C until further use.
Pioglitazone tablets (Huadong Medicine Co.,
Ltd.; approval No. H20060664; strength: 30
mg/tablet) were dissolved in saline solution to
1.5 mg/mL. Rabbit P38MAPK and P-P38MAPK,
rabbit MKK3 and MKKG, goat polyclonal anti-
body IgG against glucose transporter 4 (GLUT4),
and Rabbit anti-GAPDH antibody were all
bought from Cell signaling Technology, Boston,
MA, USA. Chemiluminescence (ECL) kits were
purchased from Zhongshan Company in Beijing;
TaKaRa RNA PCR kit was bought from Da-
lian biologic engineering Co., Ltd.; a blood glu-
cose kit was bought from Shanghai Rong-
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tion

40 rats were randomly divided into a normal
group (CON), a model group (IR group), a Jianpi
Qinghua Receipt group (JPQ group), and a pio-
glitazone treatment group (P10 group). The rats
in IR group, P10 group and JPQ group were fed a
high-fat and high-sugar diet for 8 weeks, after
which they were fasted for 12 h, weighed, and
given a single STZ (35 mg/kg) intraperitoneal
injection. After 7 days of injection, fasting blood
glucose was measured by tail vein blood sam-
pling. If the fasting blood glucose content was
16.7 mmol/L or more, the T2DM rat model was
considered to have been successfully estab-
lished [7]. Different drugs were administered to
different groups, with the rats in PIO group
given 15 mg/kg of pioglitazone while those in
JPQ group were given 13 g/kg by intragastric
administration once a day for consecutive 12
weeks. The control group and model group
were given the same volume of normal saline
by intragastric administration.

Sample collection

After 12 weeks of continuous treatment, the
rats in each group were fasted and denied lig-
uids for 12 h, weighed, and anaesthetized by
intraperitoneal injection of 2% pentobarbital
sodium (40 mg/kg). Blood was collected from
abdominal aorta, and blood glucose was
assayed. After drawing, the blood was stored
for 1 h at room temperature and then centri-
fuged at 3500 r/min for 15 min. The serum was
collected and stored at -80°C. Rat gastrocne-
mius tissue was recovered and preserved by
liquid nitrogen flash-freezing after washing in
ice-cold physiological saline.

Detection of the expression of P38MAPK,
MKK6, and MKK3 protein in gastrocnemius
muscle by protein immunoblotting

Cold PMSF, RIPA, and phosphatase inhibitors
were added to 100 mg of gastrocnemius tissue
to extract tissue protein. Samples were homog-
enized on ice and centrifuged at 12,000 rpm
for 10 min at 4°C, after which the supernatant
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was extracted and used to quantify protein
using the BCA method. Proteins were resolved
by SDS-acrylamide gel electrophoresis, trans-
ferred to a membrane, and incubated with the
appropriate primary antibody. The transfer
membrane was washed with TBST and a sec-
ondary antibody added, followed by a second
wash step with TBST. Blots were developed
with ECL chemiluminescent agent and images
captured using a gel imaging system. Gray
scale values of imaged target strips were deter-
mined using Image J software.

The detection of the expression of P38MAPK,
MKK6, MKK3 and GLUT4 genes in the gas-
trocnemius muscle of rats by real-time fluores-
cence quantitative PCR

Total RNA was extracted from 100 mg of gas-
trocnemius muscle tissue using an RNAiso Plus
kit and used to synthesize cDNA by reverse
transcription. PCR was conducted using an
AccuPower® 2X Green StargPCR Master Mix
containing SYBR Green. The primers were
designed by Primer Premier 5 software and
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Figure 1. Gene expression of P38MAPK
signal molecule in each group of rats.
*P < 0.05.

synthesized by Shanghai Sangon Biotechnology
Co., Ltd. The conditions of PCR amplification
were: The thermal cycling for the PCR reaction
began with a 95°C incubation for 5 min. This
was followed by 45 cycles of 95°C for 5 s, 60°C
for 30 s, and 72°C for 5 s. The ramping tem-
perature rate to the annealing step was set at
1.0°C/s. The specificity of primers (Table 1)
was determined from the melting curve and the
relative expression of relevant genes in gas-
trocnemius muscle was determined by means
of the 22T method. (http://www.biotechni-
ques.com/softlib/ggene.html) quantitative so-
ftware was used to analyze gene expression
based on cycle threshold values normalized to
[-actin expression.

Glucose infusion rate detection by hyperinsu-
linemic-euglycemic clamp

Three rats were selected and denied food, but
allowed water, for 12 hours, after which they
were anaesthetized by injection of 2% pento-
barbital sodium into the abdominal cavity. The
rats were fixed to isolate the left carotid artery
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and the area under the insu-
lin response curve (AUC) was
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Figure 2. Wester-blot expression of P38MAPK signal molecule in each group

of rats. *P < 0.05.

and the right internal jugular vein, and a PE-50
catheter was inserted into the blood vessel, to
which insulin infusion and glucose infusion
pumps were connected. Basal insulin and basal
blood glucose (BBG) were measured, after
which insulin was continuously infused at a rate
of 0.12 U/kg/h. Blood glucose was measured
every 5 min. Glucose (10%) was infused and
the glucose infusion rate adjusted in order to
maintain blood sugar in the range of 0.5
mmol/L. Blood glucose was measured a total
of 24 times per experiment.

The detection of intraperitoneal insulin toler-
ance test (IPITT) by injection in the fasting
state

After 4 weeks of drug administration, the rats
were denied food, except water, for 12 hours.
Rats from each group were injected with insulin
intraperitoneally and assayed the insulin level
at four time points (0, 30, 60 and 120 mins)
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calculated.

Statistical method

SPSS17.0 (Tianjin Soft Kewang
Science and Technology Co.,
Ltd.) was used for the statisti-
cal analysis. Mean * the stan-
dard deviation (x + SD) was
used to express the measure-
ment data, and the two-sam-
ple t test was adopted. Multiple
groups were analyzed by appli-
cation of ANOVA. P value of <
0.05 indicated statistical diff-
erence.

Results

The effect of JPQ on the mRNA
expression of P38MAPK sig-
naling pathway

The mRNA expression levels of
P38MAPK and MKKG6 in rats
from the model group were sig-
nificantly higher than of those
in the control group (P < 0.05)
while the mRNA expression
level of MKK3 were significan-
tly lower (P < 0.05). Compar-
ed with the model group, the
mRNA expression levels of
P38MAPK and MKK®6 in JPQ group were signifi-
cantly decreased (P < 0.05), and the mRNA
expression levels of MKK3 significantly incre-
ased (P < 0.05) (Figure 1).

The effect of JPQ on protein expression of
P38MAPK signaling pathway

The protein expression levels of P38MAPK in
rats from the model group were significantly
higher than those from the control group (P <
0.05). Compared with the model group, the pro-
tein expression of P38MAPK was decreased
significantly (P < 0.05), and the protein expres-
sion of MKK3 was increased significantly (P <
0.05) (Figure 2).

The effect of JPQ on Glu-4 gene expression
and protein levels

The PCR results suggest that Glut-4 in the
model group decreased significantly (P < 0.05).
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Figure 3. Gene expression of Glut-4 in each group of
rats. *P < 0.05.
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Figure 4. Western-blot expression of Glut-4 signal
molecule in each group of rats. Note: compared with
CON, NS P > 0.05, *P < 0.05, **P < 0.01.

The expression of Glut-4 in JPQ group was high-
er than that of the model group (P < 0.05)
(Figure 3). The Western blot results demon-
strate that the expression of Glut-4 protein in
the JPQ group was higher than that in the model
group (P < 0.05) (Figure 4).

Effect of JPQ on insulin resistance

The experiment results showed that the blood
glucose levels at different time points were
lower in the JPQ group than in the IR group (P <
0.01) and that the AUC decreased significantly
(P < 0.01), suggesting that the insulin tolerance
in the JPQ group was improved (Table 2).
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The effect of JPQ on glucose infusion rate
(GIR)

The results of the hyperinsulinemic-euglycemic
clamp test indicate that the glucose infusion
rate in diabetic rats following the JPQ treatment
was significantly higher than in rats from the
model group (P < 0.01), but that no significant
difference was observed compared to the PIO
group (P > 0.05) (Figure 5).

Discussion

JPQ is a cipher prescription of our hospital and
functions to invigorate the spleen and kidney
and lower blood sugar. It has a powerful hypo-
glycemic effect, but further studies are neces-
sary to explore whether JPQ improves insulin
resistance in skeletal muscle, thereby lower-
ing blood sugar through an anti-inflammatory
mechanism. This study successfully estab-
lished a model of type 2 diabetes in rats to
observe the effect of JPQ on the expression
level of p38MAPK in skeletal muscle tissue.
The results illustrated that administration of
the JPQ significantly improved the insulin resis-
tance of skeletal muscle in diabetic rats and
enhanced the insulin sensitivity of skeletal
muscle. Insulin is a strong attachment inducer
of Myocyte Enhancer Factor2 (MEF2) transc-
ription factor to Glut4 gene promoter. Insulin
enhances MEF2 binding to DNA by the me-
ans of p38 Mitogen Activated Protein Kinase
(P38MAPK) [8]. The underlying mechanism
may rely on the downregulation of the P38MA-
PK signaling pathway in skeletal muscle and
increasing the expression of GLUT4.

Insulin resistance is an important pathophysio-
logical mechanism in type 2 diabetes [9].
Skeletal muscle, as the main target organ for
insulin-associated stimulation of glucose intake
[10], we suppose that it may be a key compo-
nent in the occurrence of peripheral insulin
resistance in diabetes. The MAPK cascade sig-
naling pathway is an important signaling path-
way in diabetes, and includes MAP kinase,
MAPK kinase (MEK) and MEK kinase (MEKK)
[11-14]. Oxidative stress and inflammation are
important mechanisms underlying the occur-
rence and development of diabetes and associ-
ated tissue damage [14, 15], which promote
the activation of the p38MAPK signaling path-
way. This leads to the expression of upstream
inflammatory factors and fibrotic cytokines,
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Table 2. Intraperitoneal insulin tolerance test (IPITT) (X + s)

Group 0 min 30 min 60 min 120 min AUC

CON 5.12+0.45 3.30+£0.24 2.67+0.28 3.07+0.26 10.06+0.60
IR 14.11+3.86™ 12.80+4.50™ 8.29+3.02™ 8.53+2.69™ 32.41+10.53"
PIO 5.31+1.25% 3.33+0.62# 3.15+0.66*# 3.94+0.59% 11.10+1.67#
JPQ 7.05+£2.85"# 5.15+1.84"## 3.65+0.83"## 3.84+0.96™## 14.24+4.26"##

Note: compared with CON, “P < 0.05, "*P < 0.01; Note: compared with IR, #P < 0.01.

Glucose infusion rate (mg/kg*min)

CON IR PIO JPQ

Figure 5. Change of glucose infusion rate. **P <
0.01.

and raises the levels of various inflammatory
factors, which may promote inflammation,
damaging tissues. Previous studies have shown
that by inhibiting the activity of the p38MAPK
signaling pathway, the expression of pro-fibrotic
cytokines and inflammatory factors can be
inhibited and renal fibrosis improved [16]. In
this study, we found that the expression levels
of pP38MAPK and MKK6 mRNA in the model
group were significantly higher than in the con-
trol group (P < 0.05), while the expression level
of MKK3 mRNA was significantly lower than
that of the control group (P < 0.05). This sug-
gested that the p38MAPK signal pathway was
activated, under the pathological condition of
diabetes.

Glucose transporter 4 (GLUT4) plays an impor-
tant role in the transportation of glucose and
changes in its activity are closely associated
with insulin resistance in skeletal muscle.
Insulin resistance of skeletal muscle can be
improved by increasing the expression of GLU4.
Phosphorylated p38MAPK reduces the trans-
membrane transport of glucose by decreas-
ing GLUT4 expression [17, 18]. Hyperglycemia,
inflammatory responses and insulin resistance
in type 2 diabetes can aggravate the activation
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of p38MAPK and promote the progression of
diabetes and its complications [19-21].

In our study, GLUT4 in the rats of the model
group decreased significantly. Glut-4 expres-
sion in the JPQ group increased compared with
the model group. Western blot results demon-
strated that the expression of Glut-4 protein in
the JPQ group was higher than in the model
group, prompting the conclusion that JPQ down-
regulated the over-activation of p38MAPK to
improve the expression of GLUT4, which in-
creased the transport and uptake of glucose in
skeletal muscle, and reduced the level of blood
glucose.

Insulin infusion rate (GIR) is a sensitive indica-
tor for the evaluation of insulin activity and its
value is positively correlated with insulin sensi-
tivity [17]. The results of this study showed that
the GIR in the Jianpi Qinghua Group was signifi-
cantly higher than that in the model group, sug-
gesting that the sensitivity of the peripheral tis-
sue of rats to insulin was higher in JPQ group.
This reflected the improvement of the insulin
resistance in the human body and consequent-
ly resulted in the decrease of blood glucose at
each time point compared with IR group.

In conclusion, JPQ improves the insulin resis-
tance in diabetic rats and promotes the insu-
lin sensitivity. The underlying mechanism may
involve downregulation of the p38MAPK signal
pathway in skeletal muscle and increased ex-
pression of GLUT4. However, the study did not
analyze the correlation between the p38MAPK
signaling pathway and inflammatory factors;
this will be the subject of a follow-up study.
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