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Abstract

This research aimed at investigating the hypoglycemic effect of Zanthoxylum alkylamides and whether TRPV1 recep-
tor could participate in the glucose metabolism by using streptozotocin-induced diabetic rat model. The results
showed that the blood glucose measured in the Zanthoxylum alkylamides treated group (ALK) showed significantly
lower values than that in the model group (Model). Significant improvements in the oral glucose tolerance as well

as plasma insulin and hepatic glycogen were also observed in the ALK group, when compared to the model group.
However, the improving effects of Zanthoxylum alkylamides on glucose metabolism disorder in diabetic rats were
markedly inhibited by capsazepine as the TRPV1 receptor antagonist. In addition, there were significant differences in
the levels of mRNA and protein of phosphoenolpyruvate carboxylase (PEPCK), gucose-6-phosphatase (G6Pase), glu-
cokinase (GK) and cannabinoid receptor | (CB1) in the livers of the ALK group compared to model group. Meanwhile,
ALK group also exhibited a remarkable increase in the pancreatic-duodenal homeobox 1 (PDX-1), glucose transporter
2 (GLUT 2), GK levels and a significant decrease in the expression levels of CB1 in the pancreas, while the presence

of capsazepine would affected the expression of these genes. These findings indicate that Zanthoxylum alkylamides
could ameliorate the glucose metabolism disorder in diabetic rats. Furthermore, the TRPV1 receptor could participate
in regulating the expressions of genes and proteins related to glucose metabolism and insulin secretion in the liver
and pancreas, and takes a role in the hypoglycemic process of Zanthoxylum alkylamides.
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Introduction
Transient Receptor Potential Vanilloid subtype 1

mediating the internal flow of cations, such as Ca*,
Mg** and Na™ in cells. The internal flow of cation in cells

(TRPV1), also called capsaicin receptor, is a kind of
non-selective cation channel with six trans-membrane
domains. It can be activated by various physical and
chemical factors such as weak acid (pH<5.9), nox-
ious thermal stimulation (>42 °C) and capsaicin, thus
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increases, resulting in a series of biological effects [1-3].
A large number of studies have shown that TRPV1 was
involved in the development of various diseases, so it
was predicted to be a new target of drug therapy [4, 5].
Activating TRPV1 could have many physiological effects,
such as promoting the secretion of insulin, improv-
ing insulin resistance, repairing pancreatic function and
regulating glucose metabolism, which can be canceled
or significantly reduced by knockout TRPV1 receptor or
adding TRPV1 receptor competitive antagonist such as
capsazepine [6-10]. Therefore, it can be concluded that
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TRPV1 receptor is also closely related to the develop-
ment of diabetes; it has hence gained focus.

Zanthoxylum L. (Rutaceae) is mainly distributed in
the tropical and subtropical regions of Asia, America,
Africa and Oceania. In Asia, this species is often found
in the southern, southeastern and eastern parts [11-13].
Because of their special flavors and tingling properties,
the fruits of Zanthoxylum L. are used as a spice added
to food in some countries [14]. Meanwhile, it also has
been used as a traditional Chinese medicinal material
in China [15-17].The numb-taste components in Zan-
thoxylum L. are due to the Zanthoxylum alkylamides,
which consistent of chains of unsaturated aliphatic acid
amides. At present, more than 25 different alkylamides
have been separated and identified, including a-sanshool,
B-sanshool,  y-sanshool, hydroxy-a-sanshool and
hydroxy-B-sanshool, etc., [18-21]. It has been reported
that Zanthoxylum alkylamides have anti-inflammatory,
analgesic [22], hypoglycemic [23] and anesthesia effects
[24]. Moreover, these alkylamides can also adjust the gas-
trointestinal system [25], remove wrinkles [14], and ame-
liorate protein metabolism disorders [26].

Previous studies have shown that by inhibiting glucone-
ogenesis, Zanthoxylum alkylamides may reduce the out-
put of liver sugar, repair the function of pancreatic p-cells
and promote the secretion of insulin, thus improving the
glucose metabolism disorder induced by streptozotocin
(STZ) in diabetic rats. At the same time, with the dose
of Zanthoxylum alkylamides increasing, the expression of
TRPV1 mRNA and protein in pancreas and livers of rats
significantly increased and showed a certain dose effect
[23]. Therefore, whether Zanthoxylum alkylamides could
activate TRPV1 receptor, and then regulate the secretion
of insulin and the expression and activity of genes related
to glucose metabolism in diabetic rats, thereby improv-
ing the glucose metabolism disorder in diabetic rats,
remained to be confirmed.

The diabetic Sprague—Dawley (SD) rats induced by
STZ were took as model in this research. The rats were
intraperitoneal injection of capsazepine or given Zanth-
oxylum alkylamides by gavage, and cotreatment of Zan-
thoxylum alkylamides and capsazepine. By observing the
influence of different treatments on the fasting plasma
glucose, oral glucose tolerance, plasma insulin, glyco-
gen in body and genes related to glucose metabolism
and insulin secretion in rats, this research discussed the
hypoglycemic effect of Zanthoxylum alkylamides and the
role of TRPV1 receptor in the glucose metabolism.

Materials and methods

Extraction of Zanthoxylum alkylamides

The extraction of Zanthoxylum alkylamides (purity > 97%)
was performed following the description of literature, has
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been isolated and identified in our previous research. As
shown in Fig. 1, it is composed of hydroxy-a-sanshool,
hydroxy-p-sanshool and hydroxy-y-sanshool [23], the
contents are 2.64%, 40.26% and 57.09% respectively.

Solution preparation

An amount of 0.5 g capsazepine (Biochempartner Co.,
Ltd, Shanghai, China) was precisely weighed and dis-
solved in 50 mL solution containing 2% tween 80, 2%
ethanol and 96% saline, which were made into 10 mg/
mL capsazepine peritoneal injection [27]. Ultrasonic was
used assist dissolution the capsazepine solution before
injection.

Zanthoxylum alkylamides was blow-dried with nitro-
gen, precisely weighed and dissolved in edible soybean
oil in order to get 3.0 mg/mL solution. Then, the solution
was given to the rats by gavage according to the body/
weight ratio of 0.2 mL/100 g.

Animal treatment
Healthy, clean male SD rats were purchased from Chong-
qing Tengxin Bill Experimental Animals Ltd (animal pro-
duction license number SCXK (Chongqing) 2012-0008).
Forty healthy male SD rats, weighing 160-200 g and
6—8 weeks old, were fed in a well-ventilated environment
with room temperature of 23 +2 C, relative humidity of
45-65% and 12 h/12 h change between light, and they
could eat and drink freely. After the rats were fed with
basic fodder to adapt to the new environment for one
week, the rats were made to fast for 12 h. Eight rats were
randomly selected by weight as the control group, and
the rest were intraperitoneal injection of 60 mg/kg bw
streptozotocin (Sigma-Aldrich Company, St. Louis, USA)
solution, dissolved in 0.1 mol/L citric acid buffer (pH 4.5)
[7]. The normal control group was given the same dose of
citric acid buffer. After the rats were injected with STZ
solution for 3 days, they were made to fast for 12 h, and
blood was collected from the tail vein. The blood glucose
value was determined by the glucometer. The rats whose
blood glucose value was higher than 11.1 mmol/L were
selected for experimental group division.

hydroxy-a-sanshool

hydroxy-y-sanshool

N ko
NS 7
[e]
hydroxy-B-sanshool

Fig. 1 Chemical structures of hydroxy-a-sanshool,
hydroxy-f3-sanshool and hydroxy-y-sanshool
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Eight rats were used as normal control group (Con-
trol), and thirty-two rats with successful modeling were
divided into four groups according to their blood glucose
value based on randomized block method, with eight
rats in each group. The four groups were model group
(Model), Zanthoxylum alkylamides group (ALK), capsaz-
epine group (CAPZ), Zanthoxylum alkylamides and cap-
sazepine group (ALK+ CAPZ). Rats in the ALK group
were given 6.0 mg/kg bw Zanthoxylum alkylamides solu-
tion by gavage and intraperitoneal injection of 1 mL/
kg bw capsazepine solvent every day. Rats in CAPZ group
were intraperitoneal injection of 10 mg/kg bw capsaz-
epine solution [28] and given 2 mL/kg bw soybean oil by
gavage every day. Rats in ALK+ CAPZ group were intra-
peritoneal injection of 10 mg/kg bw capsazepine solu-
tion and given 6.0 mg/kg bw Zanthoxylum alkylamides
by gavage. The control group and the model group were
respectively intraperitoneal injection of 1 mL/kg bw cap-
sazepine solvent, and given 2 mL/kg bw soybean oil by
gavage.

During the administration, all the rats were given basic
fodder, and they ate and drank freely. The body weight of
the rats was measured every 2 days to calculate their food
intake every day. The experimental cycle was 28 days.

This research was approved by the Animal Ethics Com-
mittee of Southwest University, Chongqing, China.

Sample preparation

After they were given the drug for the last time, all the
rats were made to fast for 12 h and were anesthetized
with ether. Then the rats were beheaded to collect blood
from the neck. The blood was put in blood-collecting
vessels containing heparin sodium and centrifuged under
the condition of 1500x g and 4 °C for 15 min. The plasma
was frozen in —80 °C fridge for future use. After the
blood collection was completed, the rats were quickly
dissected and their liver, pancreas, kidney and other tis-
sues were removed. Then the rats were cleaned with cold
normal saline, and the surface water was absorbed with
absorbent paper. The rats were weighed to calculate the
organ indexes. About 100 mg liver and pancreas were
precisely weighed and placed into 2 mL microcentrifuge
tubes without RNA enzyme, which were immediately
frozen in liquid nitrogen and stored at —80 °C for the
determination of related genes and protein expression.
Another 100 mg liver and muscle were stored at —20 °C
for the determination of glycogen.

Determination of fasting blood glucose, oral glucose
tolerance, plasma fructosamine, plasma insulin

and glycogen

After administration on the 0, 14 and 28 days, the rats
were made to fast for 12 h, and blood was collected from
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the tail vein to determine the fasting blood glucose by
glucometer (Maccura Biotechnology Co., Ltd, Chengdu,
China).

One day before the end of the experiment, the rats
were made to fast for 12 h and then fed with 2.0 g/kg-bw
glucose solution by gavage, and blood samples were col-
lected from the tail vein at 0, 30, 60, 90 and 120 min after
the feeding. Blood glucose value was determined with
glucometer, and the Area under the Curve (AUC) was
calculated using Origin 8.1 software with the trapezoidal
integral method.

The content of fructosamine in plasma was determined
by fructosamine assay kit (Maccura Biotechnology Co.,
Ltd, Chengdu, China). Meanwhile, the content of plasma
insulin was determined by Enzyme Linked Immuno-
sorbent Assay Kit (Nanjing Jiancheng Bioengineering
Institute, Nanjing, China). Moreover, the Glycogen was
determined by glycogen test kit (Nanjing Jiancheng Bio-
engineering Institute, Nanjing, China).

Quantitative PCR (qPCR) assay

Total RNA in frozen liver and pancreas tissues was
extracted using the total RNA extraction kit (Takara Bio-
technology Co., Ltd, Dalian, China), and the extracted
total RNA was diluted to an appropriate concentration.
Then, 2 pL diluted total RNA solution was taken out
and reverse-transcribed using reverse transcription kit
(Takara Biotechnology Co., Ltd, Dalian, China) to obtain
cDNA template; 2.0 uL cDNA template, 10.0 uL SYBR
Premix Ex Taqll (2x), 1 pL upstream and downstream
primers (the gene primers were designed and synthesized
by Shanghai Sangon Biotech Co., Ltd., the sequences are
shown in Table 1) were mixed for pre-degeneration for

Table 1 Sequences of primers used in this study

Gene name Sequence

B-actin Forward: ACGTCAGGTCATCACTATCG
Reverse: GGCATAGAGGTCTTTACGGATG

CB1 Forward: CTGAGGAGCAAGGACCTGAGAC
Reverse: GTTGTTGGCGTGCTTGTGC

GK Forward: GCTTTTGAGACCCGTTTCGT
Reverse: CGCACAATGTCGCAGTCG

G6Pase Forward: GGCTCACTTTCCCCATCAGGT
Reverse: CCAAGTGCGAAACCAAACAGG

PEPCK Forward: GACAGACTCGCCCTATGTGGTG
Reverse: GGTTGCAGGCCCAGTTGTTG

PDX-1 Forward: AAACGCCACACACCAAGGAGAA
Reverse: AGACCTGGCGGTTCACATG

GLUT2 Forward: CCAGCACATACGACACCAGACG

Reverse: CCAAAGAACGAGGCGACCAT
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10 min under the condition of 95 °C and degeneration for
10 s under the condition of 95 °C, annealing 20 s at 55 °C,
and extending for 30 s at 72 °C, and the whole reaction
included 45 cycles. At the same time, high-resolution
solution curve experiment was carried out. The rela-
tive expression level of each target gene was calculated
by 2742t method, taking P-actin as the internal
reference.

Western blot analysis

A total of 100 mg liver and pancreas tissue samples were
homogenized with 1 mL pre-cooled lysate, 5 pL phos-
phatase inhibitor and 10 uL. PMSF and centrifuged at
16,100xg, 4 °C for 10 min. The supernatant was sepa-
rated and stored at — 80 °C. BCA protein assay kit (San-
gon Biotech Co., Ltd, Shanghai, China) was used for the
quantification of proteins. After the samples of each
group were diluted to an appropriate concentration, the
diluted protein solution was mixed with Sample Buffer at
1:1 and then heated for 5 min at 100 °C. Then distilled
water, 30% Acrylamide-Bisacrylamide, separation gel
Buffer, concentration gel Buffer, 10% Ammonium persul-
fate and Tetramethyldiethylamine were mixed propor-
tionately into Sodium dodecyl sulfate polycrylamide gel
electrophoresis (SDS-PAGE) resolving gel and stacking
gel (Beyotime Biotechnology Institute, Shanghai, China),
and then infused into slab for future use.

Prestained Protein Ladder (Thermo Fisher Scientific
Inc., Shanghai, China) and the samples were individu-
ally spotted into the sample holes of the slab. Then SDS-
PAGE gel containing protein was subjected to 20-40 min
vertical gel electrophoresis according to the molecu-
lar weight of the target protein. Polyvinylidene fluoride
(PVDF) membrane was activated by methanol for 5 min,
then transfer the protein to PVDF membranes. After
that, the PVDF membrane was washed by 0.01 mol/L
Tris Buffered Saline with Tween 20 (TBST). Then the
non-specific binding on the membrane was closed with
sealing liquid, and the mixture was shaken for about 1.5 h
in the shaking bed at 37 °C.

After sealing, the first antibody was shaken for about
1.5 h in the shaking bed at 37 °C and washed with
0.01 mol/L TBST solution. The second antibody labeled
with horseradish peroxidase was shaken for about 1.5 h
in the shaking bed at 37 °C and washed with 0.01 mol/L
TBST solution. The antibodies of B-actin, CB1, PEPCK,
GK, GLUT 2 and PDX-1 were purchased from Abcam
Co., Ltd (Cambridge, UK). The antibody of G6Pase was
purchased from Santa Cruz Biotechnology, Inc. (Texas,
USA).

MILLIPORE chemiluminescence reagents A and B in
equal volume were evenly mixed and then sprayed on
PVDF membrane for reaction for 5 min, and then placed
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in Gel Doc XR+ for observation. The bands were ana-
lyzed using Image] 1.44p software to get the grayscale
value of the target band. Then divided the grayscale value
of the target protein by the grayscale value of the internal
parameter to get the result. Finally, set the result of con-
trol group to 1, divided the calculation results of other
groups by the results of the control group, and performed
normalization processing getting the final calculation
results.

Data statistics and analysis

The results were expressed as mean + standard deviation.
One-way ANOVA was performed to analyze the data
by GraphPad Prism 7.04. The differences among groups
were evaluated by Tukey’s multiple comparisons test. A
value of P<0.05 was considered significant. Origin 8.5
was used for data plotting.

Results

Effect of TRPV1 receptor antagonist and Zanthoxylum
alkylamides on body weight and food intake

One week after intraperitoneal injection of STZ, fast-
ing blood glucose value of the rats was measured. If the
blood glucose value was higher than 11.1 mmol /L, the
rats were considered as successful in modeling. The rats
moved less, and their hair was flufty and dull. They also
showed some typical diabetes symptoms such as poly-
phagia and polyuria. As shown in Fig. 2, compared with
the control group, the weight gain of the model group sig-
nificantly decreased, whereas the food intake significantly
increased (P<0.05). Compared with the model group,
the weight gain and food intake of rats in ALK group sig-
nificantly changed (P <0.05). However, the CAPZ group
and the ALK+ CAPZ group showed no significant differ-
ence on the weight gain of the rats (P >0.05). Compared
with the ALK group, the weight gain of CAPZ group and
ALK+ CAPZ group decreased by 47.75% and 36.15%
respectively (P <0.05).

Effect of TRPV1 receptor antagonist and Zanthoxylum
alkylamides on organ indexes

The effects of TRPV1 receptor antagonist and Zanth-
oxylum alkylamides on organ indexes in diabetic rats
are shown in Table 2. Compared with the control group,
the liver and kidney indexes in the model group signifi-
cantly increased (P<0.05), whereas the pancreas index
had no significant difference (P>0.05). Compared with
the model group, the liver and kidney indexed in rats
of CAPZ and ALK+ CAPZ groups showed no signifi-
cant difference (P>0.05), whereas the ALK group, the
liver and kidney indexes of rats decreased significantly
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Fig. 2 Effect of TRPV1receptor antagonist and Zanthoxylum alkylamides on body weight and food intake in diabetic rats. a Body weight gain;
b food intake. For each group, n=8 rats. > 9Mean values with different letters are significant difference (p <0.05) according to Tukey's multiple
comparisons test

Table 2 Effect of  TRPV1 receptor antagonist
and Zanthoxylum alkylamides on organ index in diabetic
rats

Liver Kindey Pancreas
Control 3.1840.15° 0.7140.05° 0.2440.07°
Model 3.9340.10° 1.06 +0.06° 0.2840.02*
CAPZ 409+40.23° 1.1340.06° 0274003
ALK 35240.14° 0.9640.02° 0.3040.03°
ALK+ CAPZ 3.924050° 1.0940.08° 0.284001%

For each group, n=_8 rats

¢ Mean values with different letters in the same column are significant
difference (p <0.05) according to Tukey’s multiple comparisons test

(P<0.05). In addition, the effects of all treatments on
pancreas index of rats were not significant (P >0.05).

Effect of TRPV1 receptor antagonist and Zanthoxylum
alkylamides on fasting blood glucose level

As can be seen from Fig. 3, throughout the experiment,
the fasting blood glucose levels of rats in the control
group remained within the normal range, whereas the
fasting blood glucose levels of rats in the diabetes groups
were higher than 11.1 mmol/L, which were significantly
higher than that of the control group (P<0.05), indicat-
ing that the modeling was successful and relatively sta-
ble. After the diabetic rats with similar initial fasting
blood glucose levels were given different administration
after 28 d, the fasting blood glucose levels of rats in each
group had changed. Compared with the model group, the
CAPZ group and the ALK+ CAPZ group had no signifi-
cant differences on the fasting blood glucose levels of rats
(P>0.05), and the fasting blood glucose level of the ALK

30

[Jod
Y77 28d

Control Model CAPZ ALK ALK+CAPZ
Fig. 3 Effect of TRPV1 receptor antagonist and Zanthoxylum

alkylamides on fasting blood glucose level in diabetic rats. For each
group, n= 38 rats. “"“Mean values with different letters are significant

difference (p <0.05) according to Tukey's multiple comparisons test

group decreased by 27.43% (P <0.05), which was signifi-
cantly lower than the CAPZ group and the ALK+ CAPZ
group (P <0.05).

Effect of TRPV1 receptor antagonist and Zanthoxylum
alkylamides on oral glucose tolerance

As shown in Fig. 4, at the end of the experiment, after the
rats took 2.0 g/kg-bw glucose orally, their oral glucose tol-
erance had changed. After rats in the control group took
glucose solution orally for 30 min, their blood glucose
level reached the highest, then fell fast and returned to
the original level at 120 min. However, after the rats took
glucose orally, the blood glucose level of diabetes model
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Fig. 4 Effect of TRPV1receptor antagonist and Zanthoxylum alkylamides on oral glucose tolerance in diabetic rats. a Blood glucose level; b area
under oral glucose tolerance curve. For each group, n=8 rats. " “Mean values with different letters are significant difference (p <0.05) according to
Tukey's multiple comparisons test

rats also reached the highest at 30 min, but it decreased
slowly and still stayed at a rather high level at 120 min.
Compared with the control group, the area under the
oral glucose tolerance curve of the diabetic model group
significantly increased by 317.25% (P <0.05). Compared
with the model group, the blood glucose levels of rats
in all the administration groups reached the highest at
30 min after the rats took glucose orally, but the blood
glucose levels of rats in CAPZ and ALK+ CAPZ groups
decreased slowly and also stayed at a rather high level
at 120 min, and the area under oral glucose tolerance
curve showed no significant difference (P >0.05). How-
ever, the blood glucose levels of rats in the ALK group fell
faster, improving the oral glucose tolerance of rats, and
the area under oral glucose tolerance curve significantly
decreased by 28.23% (P <0.05), but the value was yet to
return to the original level at 120 min.

Effect of TRPV1 Receptor Antagonist and Zanthoxylum
alkylamides on plasma Fructosamine level

The effects of TRPV1 receptor antagonist and Zanth-
oxylum alkylamides on plasma fructosamine level in
diabetic rats are showed in Fig. 5. Compared with the
control group, plasma fructosamine level in the model
group increased significantly by 33.15% (P <0.05). After
the rats were administrated for 28 days, as compared to
the model group, plasma fructosamine level of rats in
the CAPZ group decreased to some extent, but not sig-
nificantly, and the plasma fructosamine level in rats of
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Fig.5 Effect of TRPV1 receptor antagonist and Zanthoxylum
alkylamides on plasma fructosamine level in diabetic rats. For each
group, n =8 rats. *%Mean values with different letters are significant
difference (p <0.05) according to Tukey’s multiple comparisons test

T
Control

ALK and ALK+ CAPZ groups decreased by 30.38% and
23.21% respectively (P <0.05). Plasma fructosamine level
of the ALK group was significantly lower than the CAPZ
group and the ALK+ CAPZ group (P <0.05).

Effect of TRPV1 receptor antagonist and Zanthoxylum
alkylamides on plasma insulin

Compared with the control group, plasma insulin levels
in rats of the model group decreased by 27.38% (P <0.05)
as shown in Fig. 6. After the rats were administrated
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comparisons test
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for 28 days, the content of plasma insulin levels among
groups showed differences. Compared with the model
group, plasma insulin levels of the ALK group and the
Alk+ CAPZ group significantly increased by 32.94% and
6.31% (P <0.05), whereas the CAPZ group had no signifi-
cant difference (P >0.05). Compared with the ALK group,
plasma insulin of rats in CAPZ and ALK+ CAPZ groups
decreased significantly by 25.45% and 20.03% respec-
tively (P <0.05).
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Effect of TRPV1 receptor antagonist and Zanthoxylum
alkylamides on hepatic glycogen and muscle glycogen
According to Fig. 7, compared with the control group,
the content of hepatic glycogen and muscle glycogen in
the model group decreased significantly by 62.28% and
53.56% respectively (P <0.05). After the rats were admin-
istrated for 28 days, the content of hepatic glycogen and
muscle glycogen in rats among groups had changed.
Compared with the model group, the hepatic glycogen
level of CAPZ group and ALK+ CAPZ group had no sig-
nificant differences, whereas the hepatic glycogen level of
ALK group increased significantly by 73.22% (P <0.05).
While compared with the model group, the muscle gly-
cogen levels of CAPZ group and ALK+ CAPZ group had
no significant differences, whereas the muscle glycogen
level of ALK group increased by 23.68%.

The effects on the expression of liver glucose metabolism
related genes and protein

The effects of TRPV1 receptor antagonist and Zanth-
oxylum alkylamides on the expression of GK mRNA and
protein in the liver of diabetic rats are shown in Fig. 8.
Compared with the control group, the relative mRNA
expression of GK in the liver of the model group signifi-
cantly decreased by 77.87%, and the expression of protein
decreased by 51.44% (P <0.05). Compared with the model
group, after the rats were given Zanthoxylum alkylamides
by gavage, the relative mRNA expression and protein
level of GK in the liver of rats significantly increased by
170.37% and 28.30% (P < 0.05). Compared with the model
group, the relative mRNA expression of GK in CAPZ
group and ALK+ CAPZ group no significant differences.
Moreover, the relative protein level of GK in CAPZ group
had no significant difference, whereas the relative protein
level of GK in ALK+ CAPZ group had significant differ-
ence. Compared with the ALK group, the relative mRNA
expression of GK in liver of CAPZ and ALK+ CAPZ
groups decreased by 63.13% and 57.53% respectively,
and the expression of protein decreased by 21.59% and
36.89% respectively (P <0.05).

As is shown in Fig. 8, the level of PEPCK mRNA and
protein in the liver of the model group increased sig-
nificantly (P<0.05), and their expression increased by
161.82% and 81.80% respectively compared with the
control group. Compared with the model group, the
expression of PEPCK in CAPZ group had no signifi-
cant difference, whereas the expression of PEPCK in
the ALK group and the ALK+ CAPZ group decreased.
The expression of PEPCK mRNA and protein in the rat
liver of ALK group decreased by 38.54% and 38.83%
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respectively (P<0.05). Compared with the ALK group,
the expression of PEPCK in the rat liver of CAPZ and
ALK+ CAPZ groups increased significantly (P <0.05).

Compared with the control group, the expression of
G6Pase mRNA and protein in the liver of the model
group increased significantly by 83.50% and 107.82%
respectively (P<0.05) as shown in Fig. 8. Compared
with the model group, the relative mRNA expression
of G6Pase in CAPZ group had no significant differ-
ence. However, the expression of G6Pase in the ALK
group and ALK+ CAPZ group significantly decreased.
Compared with the ALK group, the expression of
G6Pase mRNA and protein in the rat liver of CAPZ
group increased by 59.17% and 123.42% respectively.
The expression of G6Pase mRNA and protein in
ALK+ CAPZ group increased by 30.83% and 102.11%
respectively (P <0.05).

Compared with the control group, the expression
of CB1 mRNA and protein in the liver of the model

group increased by 81.90% and 136.95% respectively
(P<0.05) (Fig. 8). Compared with the model group, the
expression of CB1 in CAPZ group had no significant
difference. However, the expression of CB1 in the ALK
group and ALK+ CAPZ group significantly decreased.
In the ALK group, the expression of CB1 mRNA and
protein in the liver of rats decreased by 28.80% and
57.09% respectively (P<0.05). Compared with the
ALK group, the expression of CB1 in the CAPZ group
increased significantly (P <0.05).

Effects on the expression of insulin secretion related genes
and protein in pancreas

The effects of TRPV1 receptor antagonist and Zanth-
oxylum alkylamides on the expression of PDX-1 mRNA
and protein in the pancreas of diabetic rats are shown
in Fig. 9. Compared with the control group, the rela-
tive mRNA expression of PDX-1 in the model group
decreased by 88.14%, and the relative protein level
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(p<0.05) according to Tukey’s multiple comparisons test

decreased by 85.07% (P<0.05). Compared with the
model group, after the rats were administrated for
28 days, the expression of PDX-1 in the pancreas of rats
in each treatment group had changed. The expression of
PDX-1 mRNA and protein in the pancreas of rats in ALK
group significantly increased by 335.71% and 306.32%
respectively (P<0.05). Compared with the ALK group,
the expression of PDX-1 mRNA and protein in CAPZ
group decreased significantly (P <0.05). However, the rel-
ative mRNA expression of PDX-1 in ALK+ CAPZ group
had no significant difference, whereas the relative pro-
tein level of PDX-1 in the ALK+ CAPZ group decreased
significantly.

As can be seen from Fig. 9, compared with the control
group, the expression of GLUT2 mRNA and protein in
the pancreas of rats in the model group decreased sig-
nificantly by 71.03% and 68.55% respectively (P <0.05).
Compared with the model group, the expression of
GLUT2 mRNA and protein in the pancreas of rats in
different administration groups increased to differ-
ent degrees. The expression of GLUT2 mRNA and
protein in the pancreas of rats in the ALK group signifi-
cantly increased by 158.06% and 262.36% respectively

(P<0.05). Compared with the ALK group, the expres-
sion of GLUT2 mRNA and protein in pancreas of CAPZ
group decreased by 56.25% and 64.15% respectively. The
expression of GLUT2 mRNA and protein in the pancreas
of ALK+ CAPZ group decreased by 21.25% and 50.47%
respectively (P <0.05).

As shown in Fig. 9, compared with the control group,
the relative mRNA expression of GK in the model
group significantly decreased by 70.19%, and the rela-
tive protein level decreased by 62.64% (P<0.05).
Compared with the model group, the relative mRNA
expression of GK in the ALK+ CAPZ group had no
significant difference. However, the expression of GK
mRNA and protein in the ALK group increased sig-
nificantly by 132.26% and 92.14% respectively (P <0.05).
Compared with the ALK group, the expression of GK in
the CAPZ group and ALK+ CAPZ group significantly
decreased (P <0.05).

Compared with the control group, the relative mRNA
expression of CB1 in the model group increased by
87.62%, and the relative protein level increased by
213.49% (P <0.05) (Fig. 9). Compared with the model
group, after the rats were given administration for
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28 days, the relative mRNA expression of CB1 in differ-
ent groups decreased to different degrees. The expres-
sion of CB1 mRNA and protein in the pancreas of rats
in the ALK group decreased significantly by 28.93%
and 57.10% respectively (P <0.05). Compared with the
ALK group, the expression of CB1 mRNA and protein
in pancreas of CAPZ group increased by 30.71% and
147.71% respectively. The expression of CB1 mRNA and
protein in pancreas of ALK+ CAPZ group increased by
10.71% and 87.63% respectively (P <0.05).

Discussion

As far as we know, Capsazepine is an effective antago-
nist at TRPV1 receptor from rat, human and guinea pig
[29]. By studying the effect of intraperitoneal injection
of capsazepine, given Zanthoxylum alkylamides by gav-
age or cotreatment of Zanthoxylum alkylamides and cap-
sazepine on diabetic rats glucose metabolism induced by
STZ, this experiment found that intraperitoneal injec-
tion of capsazepine had no significant effect on the fast-
ing plasma glucose, oral glucose tolerance, plasma insulin
level and the content of glycogen in liver and muscle.
However, Zanthoxylum alkylamides can significantly
decrease fasting blood glucose, improve oral glucose tol-
erance and increase plasma insulin and the level of liver
glycogen in diabetic rats, thus improving the disorder of
glucose metabolism in the diabetic rats. Moreover, the
cotreatment of Zanthoxylum alkylamides and capsaze-
pine significantly decreased the improving effect of Zan-
thoxylum alkylamides on glucose metabolism disorder in
the diabetic rats. These results demonstrate that TRPV1
receptor might be involved in the regulation of Zanthox-
ylum alkylamides on glucose metabolism disorders.

In order to confirm the role of TRPV1 receptor in the
hypoglycemic process of Zanthoxylum alkylamides and
combined with previous research results [23], we com-
pared the effect of Zanthoxylum alkylamides and the
cotreatment of Zanthoxylum alkylamides and capsaz-
epine on the expression of genes and protein related to
liver glucose metabolism and the secretion of pancreas
insulin in rats. Liver gluconeogenesis and glycolysis were
the main approaches to maintain glucose homeostasis
[30]. PEPCK, G6Pase and GK played important roles in
liver gluconeogenesis and glycolysis [31, 32]. The previ-
ous research results show that Zanthoxylum alkylamides
could significantly decrease the expression of PEPCK
and Gé6Pase in the liver and significantly increase the
expression of GK, showing a certain dose effect [23].
This study also found that Zanthoxylum alkylamides
significantly changes the expression of PEPCK, G6Pase
and GK (Fig. 8), promoted the synthesis of liver glyco-
gen and inhibited the output of liver glucose (Fig. 7). But
the changes of the expression of PEPCK, G6Pase and GK
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caused by Zanthoxylum alkylamides in rat liver were sig-
nificantly weakened by TRPV1 receptor antagonist cap-
sazepine. In addition, the lack of insulin secretion was an
important characteristic of Type 1 diabetes. Zanthoxy-
lum alkylamides can increase the level of plasma insulin
(Fig. 6) and regulate the expression of PDX-1, GLUT 2
and GK mRNA and protein in the pancreas of rats. PDX-1
is the key transcription factor of GLUT2 and GK, which
can increase insulin secretion through up-regulation of
GK and GLUT2 mRNA expression [33]. After TRPV1
activity was inhibited by capsazepine, the plasma insulin
level of rats decreased significantly, and the expression
of PDX-1, GLUT 2 and GK in the pancreas of rats also
decreased. Studies have shown that activating TRPV1
receptors can increase intracellular calcium flow, thereby
increasing the level of glucagon-like peptide (GLP)-1 and
insulin in plasma, promoting glucose utilization, and
improving glucose metabolism disorder in diabetic rats,
but after human knockout TRPV1 genes, this effect dis-
appeared [34]. Studies by Fagelskiold and his team have
also confirmed that activating TRPV1 receptors can pro-
mote insulin secretion in INS-1E cells, but this effect was
significantly weakened after their activity was inhibited
by capsazepine [35]. According to the existing literature
reports and the above results, it can be concluded that
TRPV1 receptor was involved in the regulation of the
expression of genes related to glucose metabolism and
insulin secretion by Zanthoxylum alkylamides.

TRPV1 receptor distributed in body widely, it was first
found in sensory nerves and could mediate the response
of pain [36]. Later, it was found that TRPV1 receptor was
also expressed in many non-nerve tissues closely related
to glucose metabolism, such as gastrointestinal epithe-
lium, liver, fat and pancreas [37]. As a kind of non-selec-
tive cation channel, the activation of TRPV1 can lead to
the increase of intracellular calcium ion concentration,
thereby affecting the expression of a variety of intra-
cellular genes related to glucose and insulin secretion.
Intracellular calcium ions had a variety of physiological
functions and participated in the regulation of various
cellular functions as a kind of messenger molecule [38].
Therefore, whether TRPV1 receptor functioned through
intracellular calcium ions in Zanthoxylum alkylamides,
regulating blood glucose metabolism in diabetic rats
remains to be further elaborated. A study conducted by
Koo showed that the hydroxy-a-sanshool could activate
TRPV1 and TRPA1 channels. They concluded that the
hydroxy-a-sanshool causes tingling or possibly noci-
ceptive behavior, then a pungent tingling sensation
by activating TRPV1 and TRPA1 in sensory neurons.
Moreover, eventhough a major functional role of TRPV1
is the mediation of nociception, it is highly likely that
TRPVI1 also mediates other sensations [39]. Thus, the
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Zanthoxylum alkylamides could cause tingling or possi-
bly nociceptive behavior, then a pungent tingling sensa-
tion by activating TRPV1 in sensory neuron, regulated
the expression of related genes.

It was notable that the endogenous cannabinoid
system was closely related to body appetite, energy
metabolism and insulin secretion [40]. As important
members of the endogenous cannabinoid system, while
CB1 cannabinoid receptors couple to focal adhesion
kinase could control insulin release [41]. The study of
Katarzyna has shown that through the combined influ-
ence of CB1 and TRPVI receptor, endogenous can-
nabinoids affected the development of pancreas and
the differentiation of cells [42]. This study showed that
Zanthoxylum alkylamides could significantly decrease
the expression of CB1 mRNA and protein in liver and
pancreas, and this effect was weakened by TRPV1
receptor competitive inhibitor capsazepine. Therefore,
the interaction and mechanism of CB1 and TRPV1 in
the regulation of body glucose metabolism by Zanth-
oxylum alkylamides deserve our attention.

To sum up, Zanthoxylum alkylamides could ameliorate
the glucose metabolism disorder in diabetic rats. Moreo-
ver, the TRPV1 receptor could participate in regulating
the expressions of genes and proteins related to glucose
metabolism and insulin secretion in the liver and pan-
creas, and plays a role in the hypoglycemic process of
Zanthoxylum alkylamides.

Conclusions

By regulating the expression of genes related to hepatic
glucose metabolism and pancreas insulin secretion, Zan-
thoxylum alkylamides decreased the level of the fast-
ing blood glucose and serum fructosamine in diabetic
rats induced by STZ, improved oral glucose tolerance,
increased plasma insulin and liver glycogen content, thus
improving the glucose metabolism disorders in diabetic
rats. Further studies demonstrated that TRPV1 receptor
could participate in regulating the expression of genes
related to liver glucose metabolism and pancreatic insu-
lin secretion in rats, plays a role in the hypoglycemic pro-
cess of Zanthoxylum alkylamides.
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