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Abstract: The aims to observe the impacts and regulation mechanisms of 1, 25 hydroxy Vitamin D3 [1, 25(OH)2D3] 
on the triglyceride contents and expression of protein tyrosine phosphatase-1B (PTP-1B) in the liver of type 2 diabe-
tes mellitus (T2DM) rats. 120 health male Wistar Rats were randomly divided into four groups: the T2DM group; the 
1, 25(OH)2D3-treatmwnt group (the VitD group); the peroxisome proliferator-activated receptors a (PPAR-a) inhibitor-
treatment group the VitD + PPAR-a inhibitor group) and the normal control group (the control group). The blood 
biochemical indicators and liver PPAR-a and PTP-1B gene and protein expression were detected in using real time 
reverse transcription polymerase chain reaction and Western blot, respectively. We also detected the level of tri-
glyceride in the livers. The gene and protein expressions of PPAR-a of the T2DM group were lower than the control 
group (P < 0.05). The gene and protein expressions of PTP-1B and the TG in the T2DM group were higher than that 
in the control group (P < 0.05). Vitamin D treatment enhanced the gene and protein expressions of PPAR-a when 
compared with the T2DM group (P < 0.05). In contrast, Vitamin D suppressed PTP-1B expression in both gene and 
protein levels and lowered the TG content when compared with the T2DM group (P < 0.05). However, the effects 
of vitamin D on diabetes rats were reversed by PPAR-a inhibitor, especially in TG contents and PTP-1B expression. 
Therefore, 1, 25(OH)2D3 exerted the suppression effects on TG levels and PTP-1B expression in T2DM rats model, 
at least in part, through PPAR-a signaling.
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Introduction

Protein tyrosine phosphatase-1B (PTP-1B) was 
one new therapeutic target towards the treat-
ment of type 2 diabetes mellitus (T2DM), obe-
sity and dyslipidemia, etc. The latest studies 
had found that PTP-1B was closely related with 
T2DM and lipid metabolism [1-3]. The studies 
in recent years had found that the active vita-
min D was closely linked with the occurrence 
and development of T2DM and abnormal lipid 
metabolism [4-10], which also played a positive 
role towards the glycemic control of T2DM 
patients, as well as improved the insulin sensi-
tivity [11, 12]. The active vitamin D’s roles of 
improving the hepatic steatosis and insulin 
resistance (IR) inside the liver were through its 
receptor-activated peroxisome proliferator-acti-
vatived receptors a (PPAR-a) signaling pathway 

[13-15]. While currently, the relationships 
between the active vitamin D and PTP-1B, as 
well as the specific mechanisms through which 
it reduced the liver TG, were still clear, the pres-
ent study observed the impacts of the active 
vitamin D on the gene and protein expressions 
of PTP-1B and the TG contents inside the T2DM 
rats’ livers, aiming to initially explore the mech-
anisms of the active vitamin D in regulating the 
liver TG metabolism, which might provide new 
ideas for the prevention of hypertriglyceride-
mia, IR and diabetes.

Materials and methods

Animals

120 clean healthy male Wistar rats, with an 
average age as 6 weeks old, and the average 
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weight as 210.25±11.26 g, were purchased 
from the Harbin Veterinary Research Institute, 
Chinese Academy of Agricultural Sciences (cer-
tificate number 20020001). This study was car-
ried out in strict accordance with the recom-
mendations in the Guide for the Care and Use 
of Laboratory Animals of the National Institutes 
of Health. The animal use protocol has been 
reviewed and approved by the Institutional 
Animal Care and Use Committee (IACUC) of 
Zunyi Medical College.

Animal grouping and establishment of rat 
T2DM model 

All the rats were fed with the normal diet for the 
adaptability for two weeks, then randomly divid-
ed into the T2DM group, the VitD + DM group, 
the VitD + PPAR-a inhibitor + DM group and the 
normal control group (the control group), with 
30 rats in each group. The T2DM group was 
given the high-fat high-cholesterol diet for four 
weeks, then after 16-hour fasting, the intraperi-
toneal injection of 30 mg/kg streptozotocin 
(STZ, 0.5% citrate buffer solution, PH 7.2) was 
performed towards each rat, and the blood glu-
cose was tested from the tail venous blood 72 
hours later, the criteria of successful diabetes 
modeling was set as the blood glucose concen-
tration > 16.7 mmol/L, after the modeling, the 
T2DM group and the PPAR-a inhibitor group 
were intraperitoneally injected the same 
amount of peanut oil as the 1, 25(OH)2D3 group 
every other day for a total of seven times. The 
VitD group was intraperitoneally injected 1, 
25(OH)2D3 (5 μg kg-1) every other day for a total 
of seven times. Before the injection, the rat was 
firstly fixed onto the operating table, and the 
injection site was selected at the slightly left 
site towards the abdominal white line in the 
lower abdomen, the needle should pierce into 
the skin from the lower abdomen toward the 
head, when the needle reached the hypoder-
mis, it was advanced another 3-5 ml, then 
pieced into the abdominal muscles with 45° 
angle towards the skin, when the needle pene-
trated the abdominal muscles, the resistance 
disappeared. Then, held the needle at this 
point stably, and withdrew the syringe, if there 
was no return of blood or urine, the liquid inside 
could be then gently injected into with a certain 
speed, after the injection was completed, 
pressed the injection site to prevent the spilling 
of liquid. All the animals were killed at the end 

of the experiment two weeks later. The enzy-
matic colorimetry was performed to measure 
the hepatic triglyceride (TG) content (the kit 
was purchased from the BioSino Bio-technology 
and Science Inc).

Real time qRT-PCR 

The total hepatic RNA was extracted, and 1.5 
μg total RNA was sued as the template for the 
reverse transcription reaction, with the total 
volume of reverse transcription reaction sys-
tem as 20 μL. The primers of PPAR-a, PTP-1B 
and internal reference (β-actin) were designed 
and synthesized by Sangon Biotech (Shanghai) 
Co., Ltd. as the following: PPAR-a: normal sense 
primer: 5’-CAGGCTATCATTACGGAGTC-3’; anti-
sense primer: 5’-CTGGCATTTGTTTCTGTTCT-3’; 
PTP-1B normal sense primer: 5’-TAGTTGCGT- 
TACACCCTTTCTTG-3’; antisense primer: 5’-TG- 
CTGTCACCTTCACCGTTC-3’. β-acti normal sense 
primer: 5’-TAGTTGCGTTACACCCTTTCTTG-3’; an-
tisense primer: 5’-TGCTGTCACCTTCACCGTTC-3’. 
Reaction conditions: pre-denaturation at 95°C 
for 5 min, denaturation at 95°C for 30 s, anneal-
ing at 58-75°C for 30 s, extension at 72°C for 1 
min, 28-33 cycles, followed by the terminal 
extension at 72°C for 5 min. The annealing 
temperatures and the cycle numbers of the 
three genes were: PPAR-a 57°C, 30 cycles; PTP-
1B 60°C, 32 cycles; β-actin 56°C, 26 cycles. To 
correct the error, this study used the house-
keeping gene β-actin as the internal control, 
the average copy numbers of the sample’s tar-
get gene were divided by the average copy num-
bers of the reference gene inside the sample, 
thus the relative content of the target gene 
could be obtained. The copy numbers of the 
template in the sample could be calculated by 
the SDS software, which used the Ct value 
obtained and put it into the standard curve.

Western blot 

The liver tissues of each group were collected 
and performed the quantification by the BCA 
method. 30 μg protein sample was taken for 
the 12% PAGE electrophoresis, then trans-
ferred onto a PVDF membrane, then the prima-
ry antibodies of PPAR-a, PTP-1B (R&D, USA) 
(with the dilution as 1:2000) and the secondary 
antibodies (R&D, USA) (with the dilution as 
1:1000) were taken for the alkaline phospha-
tase staining and exposure.
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Table 2. Levels of TG, TC, HDL-C and LDL-C in different groups
Group (mmol/L) n TG TC HDL-C LDL-C
CON 25 0.41±0.07 1.33±0.16 0.35±0.05 0.37±0.07
T2DM 25 0.72±0.25a 5.42±0.72a 0.35±0.06 1.13±0.41a

VitD 25 0.43±0.11a,b 5.31±0.61a 0.36±0.07 1.09±0.42a

VitD + PPAR-a inhibitor 25 0.73±0.31a 5.28±0.65a 0.34±0.07 1.12±0.50a

Compare with CON group, aP < 0.05, Compare between different concentrations of 
group, bP < 0.05.

Statistical analysis 

The SPSS16.0 statistical package was used for 
the statistical analysis, the results were 
expressed as mean ± standard deviation (

_
x±s), 

the normally distributed data were performed 
the random block design for the data’s analysis 
of variance and pairwise comparison, the gene 
and protein expression differences of PPAR-a 
and PTP-1B, as well as the TG content of each 
group, were compared, with P < 0.05 consid-
ered as the statistical significance.

Results

Body weight, blood glucose and lipid level

Compared with the control group, the body 
weights of the T2DM group, the VitD group and 
the PPAR-a inhibitor group were significantly 
increased, and the blood glucose levels were 
significantly increased (P < 0.05), the TG, TC 
and LDL-C levels were significantly higher (P < 
0.05), while the HDL-C levels did not change 
significantly (P > 0.05). Compared with the 
T2DM group, the body weights and blood glu-
cose levels of the VitD group and the PPAR-a 
inhibitor group were not significantly different 
(P > 0.05), the TG level of the VitD group was 
significantly lower than the T2DM group (P < 
0.05), while the TC, LDL-C and HDL-C levels had 
no significant changes between the 2 groups (P 
> 0.05); compared with the T2DM group, the 
TG, TC, LDL-C and HDL-C levels of the PPAR-a 
inhibitor group had no significant changes (P > 
0.05). Compared with the PPAR-a inhibitor 

the TG content were significantly higher than 
the control group (P < 0.05). The gene and pro-
tein expressions of PPAR-a of the VitD group 
were significantly increased than the T2DM 
group (P < 0.05), while those of PTP-1B were 
significantly inhibited (P < 0.05), and the TG 
content was significantly reduced than the 
T2DM group (P < 0.05). The gene and protein 
expressions of PPAR-a and PTP-1B of the VitD 
group had no significant difference than the 
control group (P > 0.05), and the comparison of 
TG contents between the 2 groups had no sig-
nificant difference (P > 0.05). The gene and pro-
tein expressions of PPAR-a of the PPAR-a inhibi-
tor group were significantly reduced than the 
control group (P < 0.05), while those of PTP-1B 
were significantly increased (P < 0.05), and the 
TG content was significantly increased than the 
control group (P < 0.05). The gene and protein 
expressions of PPAR-a of the PPAR-a inhibitor 
group were significantly lower than the T2DM 
group (P < 0.05), while those of PTP-1B and the 
TG content had no significant differences when 
compared with the T2DM group (P < 0.05). The 
gene and protein expressions of PPAR-a of the 
PPAR-a inhibitor group was significantly lower 
than the VitD group (P < 0.05), while those of 
PTP-1B and the TG content were significantly 
increased than the VitD group (P < 0.05) (Table 
3; Figures 1, 2).

Discussion

The liver was the important organ for the triglyc-
eride metabolism, the hypertriglyceridemia 

Table 1. Levels of weight and glucose in different groups 
Group n Weight (g) Glucose (mmol/L)
CON 25 285.2±11.57 5.38±0.71
T2DM 25 381±9.3a 7.39±1.67a

VitD 25 378.6±8.6a,b 6.98±1.47a,b

VitD + PPAR-a inhibitor 25 383.6±9.1a,b 7.12±1.52a,b

Compare with the control group, aP < 0.05; Compare with the T2DM group, bP < 0.05.

group, the body weight and 
blood glucose of the VitD 
group were not significantly 
different (P > 0.05); the 
serum TG level was signifi-
cantly lower (P < 0.05), 
while the TC, LDL-C and 
HDL-C levels had no signifi-
cant changes (P > 0.05) 
(Tables 1, 2).

Expression of PPAR-a and 
PTP-1B 

The gene and protein 
expressions of PPAR-a of 
the T2DM group were sig-
nificantly reduced than the 
control group (P < 0.05), 
while those of PTP-1B and 
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was the important pathophysiological basis 
and characteristics towards the occurrence 
and development of diabetes [16]. The recent 
studies had found that the vitamin D not only 
was involved in such diseases as the skeletal 
system diseases, cancer, autoimmune diseas-
es, cardiovascular and respiratory diseases, 
but also participated the occurrence and devel-
opment of obesity and diabetes, etc [17]. PTP-
1B could be used as a target towards such dis-
ease-related treatments as T2DM, obesity and 
IR, the inhibition of PTP-1B expression inside 
the liver could increase the insulin sensitivity, 
reduce the blood sugar level of the diabetic 
rats, as well as regulate the lipid metabolism 
[18, 19]. The foreign latest study found that the 
plasma 25 (OH) D was negatively correlated 
with IR, the increasing of plasma 25 (OH) D lev-
els in the T2DM patients could significantly 
improve IR, the vitamin D was closely related to 
the insulin secretion and insulin sensitivity, the 
vitamin D deficiency was closely associated 

eridemia was not reported domestically and 
abroad, so we intraperitoneally injected the 
active vitamin D into the T2DM rats, then 
detected the gene and protein expressions of 
PTP-1B and TG levels inside the livers, aiming to 
preliminarily study the possible mechanisms of 
active vitamin D in regulating the hepatic TG 
metabolism of T2DM rats.

This study found that: ① the gene and protein 
expressions of PPAR-a of the T2DM group were 
significantly reduced than the control group (P 
< 0.05), while those of PTP-1B and the TG con-
tent were significantly higher than the control 
group (P < 0.05); ② the gene and protein 
expressions of PPAR-a of the VitD group were 
significantly increased than the T2DM group (P 
< 0.05), while those of PTP-1B were significant-
ly inhibited (P < 0.05), and the TG content was 
significantly reduced than the T2DM group (P < 
0.05); ③ the gene and protein expressions of 
PPAR-a and PTP-1B of the VitD group had no 
significant difference than the control group (P 
> 0.05), and the comparison of TG contents 
between the 2 groups had no significant differ-
ence (P > 0.05); ④ the gene and protein expres-
sions of PPAR-a of the PPAR-a inhibitor group 
were significantly reduced than the control 
group (P < 0.05), while those of PTP-1B were 
significantly increased (P < 0.05), and the TG 
content was significantly increased than the 
control group (P < 0.05); ⑤ the gene and pro-
tein expressions of PPAR-a of the PPAR-a inhibi-
tor group were significantly lower than the 
T2DM group (P < 0.05), while those of PTP-1B 
and the TG content had no significant differ-
ences when compared with the T2DM group (P 
< 0.05); ⑥ the gene and protein expressions of 
PPAR-a of the PPAR-a inhibitor group was sig-
nificantly lower than the VitD group (P < 0.05), 
while those of PTP-1B and the TG content were 
significantly increased than the VitD group (P < 

Table 3. The comparison of PPAR-α, PTP-1B gene expression and 
triglyceride levels of different group (

_
x±s)

Group CON T2DM VitD VitD + PPAR-
αinhibitor

N 25 25 25 25
PPAR-αmRNA 6.87±1.87 2.15±0.27a,b 6.75±1.59 0.89±0.12a,b

PTP-1B mRNA 2.32±0.28 7.27±2.14a,b 2.38±0.32 7.26±2.15a,b

TG (mg/g) 208.14±26.37 434.13±37.35a,b 210.±26.34 433.23±37.25a,b

Compare with control group, aP < 0.05; Compare between different concentrations of 
group, bP < 0.05.

Figure 1. Comparison of PPAR-a protein expression 
in liver between various group. Lane 1: control group; 
Lane 2: T2DM group; Lane 3: VitD group; Lane 4: 
VitD + PPAR-a inhibitor.

Figure 2. Comparison of PTP-1B protein expression 
in liver between various group. Lane 1: control group; 
Lane 2: T2DM group; Lane 3: VitD group; Lane 4: 
VitD + PPAR-a inhibitor.

with the occurrence of dia-
betes, and the supplement 
of vitamin D could prevent 
T2DM [20, 21]. The foreign 
study also found that the 
plasma 25 (OH) D level was 
closely related with the 
hyperlipidemia [22], but 
how was the relationships 
between the vitamin D and 
PTP-1B in the treatment of 
T2DM, IR and hypertriglyc-
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0.05). The results of this study showed that the 
active vitamin D was closely related to the 
hepatic PTP-1B expression and TG level, 1, 
25(OH)2D3 could reduce the hepatic TG con-
tent, which might be achieved through inhibit-
ing the expression of PTP-1B.

In summary, the hepatic PPAR-a expression of 
T2DM rats were reduced, while the PTP-1B 
expression was increased, and the TG level was 
increased, resulting in the hypertriglyceride-
mia, furthermore, the hypertriglyceridemia 
would increase the TG deposition inside the 
liver, thus increasing the expression of PTP-1B, 
which formed a vicious circle. Increasing the 
plasma 1, 25(OH)2D3 level could raise the 
hepatic PPAR-a expression, inhibit the PTP-1B 
expression, thereby reducing the TG level and 
improving IR, while the exact mechanism still 
remained the further exploration.
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