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Abstract: To study the prophylactic effects of 1,25-dihydroxyvitamin D3 on α cell and β cell of pancreatic islet of dia-
betes rats induced by streptozotocin. Streptozotocin-induced diabetes rats were orally administrated with 1,25-di-
hydroxyvitamin D3 every day for 4 weeks. The incidence and Glucose AUC of diabetes in the 1,25-dihydroxyvitamin 
D3 group was much less than in STZ group, while insulin AUC in the 1,25-dihydroxyvitamin D3 group was larger than 
that in the STZ group. TNFα and BAX expression in 1,25-dihydroxyvitamin D3 group were declined in comparison with 
those in STZ group. Therefore, 1,25-dihydroxyvitamin D3 may prevent Sprague-Dawley rat from diabetes induced by 
streptozotocin probably through downregulating the expression TNFα and BAX, which may lead to enhance the islet 
apoptosis and hyperglycemia.
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Introduction

Epidemiological studies show that the inci-
dence of Nordic type 1 diabetes mellitus 
(T1DM) is the highest in the world, which is pre-
sumably related to less sunshine in Northern 
Europe, whereas human plasma vitamin D (VD) 
level is directly related to the amount of sun-
shine [1]. Other studies show that VD deficiency 
significantly increases the incidence of T1DM 
while supplementation of VD during infancy 
reduces the incidence of T1DM. Both in vitro 
and in vivo studies have confirmed that 
1,25(OH)2D3 has immunomodulatory effect and 
can prevent T1DM [2].

The pathogenesis of T1DM is positively related 
to autoimmunity. The main form of β-cell 
destruction in DM is β-cell apoptosis in pancre-
atic islets. In rats with STZ-induced DM, pancre-
atic β-cell apoptosis is related to STZ toxicity 
and may also be related to STZ-induced immune 
injury [3]. Among which, T-cells and the pro-
duced cytokines play important roles in the 
pathogenesis of T1DM. Tumor necrosis factor α 
(TNFα), a cytokine produced by T-cells, can 
induce pancreatic β-cell apoptosis through mu- 

ltiple pathways and is regulated by a variety of 
related genes [4]. Currently, there are limited 
studies on the relationship between bax/bcl-2 
and pancreatic β-cell apoptosis. The bax (apop-
tosis-promoting gene) exists in homodimer 
(bax/bax) or forms heterodimer (bax/bcl-2) with 
bcl-2 (cell longevity gene), its ratio determines 
apoptosis rate. Although the immunomodula-
tion of 1,25(OH)2D3

 and its prevention of T1DM 
have been confirmed, the mechanism is not 
fully understood and lacks cytokine and apop-
tosis data for confirmation [5]. This experimen-
tal study intended to examine the roles of 1,25 
(OH)2D3 in the prevention of STZ-induced DM in 
rats, to investigate the roles of TNFα, bax and 
bcl-2 mRNA and determine their relationship, 
so as to provide experimental evidence for the 
prevention of human T1DM.

Materials and methods

Experimental animals

Chinese PLA in Beijing. The animals had fr- 
ee access to water and food (standard pellet 
feeds), 12 hr lighting daily. 
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Grouping and treatment

The animals were randomized into 3 groups by 
body weight.

Normal control group (group A, n=8): 0.05 ml/
day of peanut oil was administered through 
intragastric gavage for 5 weeks, then citrate 
buffer was injected for 2 weeks, then the ani-
mals were sacrificed.

STZ control group (group B, n=10): 0.05 ml/day 
of peanut oil was administered through intra-
gastric gavage for 5 weeks, 0.5 mL complete 
Freund adjuvant (CFA) was injected in rats, then 
STZ was injected in rats with 30 mg/kg on next 
day and continuous 6 weeks. Blood glucose 
was randomly measured in 72 hr after model-
ing; the modeling was considered to be suc-
cessful if blood glucose was ≥14.0 mmol/L.

1,25(OH)2D3 group (n=10): 1,25(OH)2D3 (1 μg/
kg/day )was dissolved in 0.05 ml peanut oil for 
intragastric gavage for 4 weeks. 0.5 mL com-
plete Freund adjuvant (CFA) was injected in 
rats, then STZ was injected in rats with 30 mg/
kg on next day and continuous 6 weeks. 

Table 1. RT-PCR primer sequence and product size
Target gene Sense primer Anti-sense primer Length (bp)
Bcl-2 5’AGCGTCAACAGG GAGATGTGA3’ 5’TGAGCAGCGTCTTCA GAGACA3’ 184 bp
Bax 5’GGTTTCATCCAGGAT CGAGCA3’ 5’TCAGCAAACATGTCA GCTGCC3’ 221 bp
GAPDH 5’TGAAGGTCGGTGTCAAC GGATTTGGC3’ 5’CATGTAGGCCATGAG GTCCACCAC3’ 983 bp

Figure 1. Pathological examination of pancreatic islets in each group.

Table 2. α cells/mm2 and β cells/mm2

α cells/mm2 β cells/mm2

Normal 3.7045±0.536 13.390±3.362
STZ 5.503±0.567*,# 4.032±0.762**,#

1,25(OH)2D3 4.072±0.699 6.104±1.356**

*compared with normal group, P<0.05, **compared 
with normalgroup, P<0.01, #compared with 1,25(OH)2D3 
group, P<0.05.

For 1 and 2: In 1 week after modeling, glucose 
tolerance test and insulin release test were 
conducted to calculate and compare blood glu-
cose and insulin AUC between all groups. (Rat 
insulin ELISA kit was purchased from Mercodia, 
USA. For 3: Blood concentrations of 1,25(OH)2D3 
and 25(OH)D3 were determined with radioim-
munoassay (Kit was purchased from DiaSorin, 
USA).

Immunohistochemistry assay

HE staining method was used to determine the 
pathological changes of pancreatic islet cells, 
the area of occupied pancreatic islets and 
TNFα expression in each group.

Azocarmine Azon-Gomori simplified Bloom’s 
pancreatic islet cell staining technique was 
used to compare the differences in pancreatic 
α-cell and β-cell counts between these groups.

Transmission electron microscopy and scan-
ning electron microscopy were used to observe 
the ultrastructural changes in pancreatic islet 
cells.

RT-PCR assay

RT-PCR method was used to detect pancreatic 
BAX and BCL-2 gene expression. Trizol (Inve- 
trogen) was used to extract total RNA; the 
OD260/OD280 ratio determined with UV spec-
trophotometry was 1.9, indicating high RNA 
purity. In the subsequent reverse transcription 
reaction, 10 μg of total RNA was used; 1 μL 
Olig(dT)18 (Invetrogen) and 6 μL of 1‰ DEPC 
water were added and mixed evenly; immedi-
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scattered pancreatic islet tissues with clear 
edge and regular shape. Under high-power 
field, large cell body with abundant cytoplasm 
was observed; the cell boundaries were clear 
with visible intercellular sinusoidal capillaries. 
1,25(OH)2D3 group: under low-power field, pan-
creatic islet counts slightly decreased with nor-
mal morphology. Under high-power field, the 
cells were partially similar to that in normal con-
trol group, but the cytoplasm showed slight 
swelling and degeneration. STZ group: under 
low-power field, pancreatic islet counts decrea- 
sed with irregular morphology. Under high-pow-
er field, pancreatic islet cell counts significantly 
decreased; the cell body shrank with blurred 
boundary and some fibrosis; some cytoplasm 
showed eosinophilic dark staining; some nuclei 
were basophilic with karyopyknosis and karyor-
rhexis (Figure 1). 

Changes of α-cell counts in each group (repre-
sented as α-cell counts/pancreatic islet area). 
The α-cell counts/mm2 was higher in STZ group 
than in control group and 1,25(OH)2D3 group, 

ately after incubation in a 70°C water bath for 5 
min, the samples were transferred into an ice 
bath; then, 5 μL of 5× buffer solution, 2.5 μL of 
10 m MdNTP (Takara Biotechnology (Dalian) 
Co. Ltd.), 1.0 μL RNase inhibitor (Takara 
Biotechnology (Dalian) Co. Ltd.), 1.0 μL reverse 
transcriptase (Promega) and 6.5 μL of 1‰ 
DEPC water were added and mixed evenly 
before incubation in a 37°C water bath for 1hr, 
followed by incubation in a 70°C water bath for 
5 min. Finally, target gene amplification (PCR) 
was carried out; see Table 1 for primer 
sequence and product size. PCR reaction con-
ditions: pre-denaturation at 94°C for 5 min, fol-
lowed by 94°C 40 s, 72°C 50 s, 59°C 40 s and 
72°C 50 s, totally 35 cycles; then 72°C for 5 
min to end the extension.

Results

Pathological examination of pancreatic islets 
in each group

Light microscopy: Normal control group: under 
low-power field, there were varying sizes of 

Figure 2. Electron microscopic results of pancreatic islets in each group.
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Table 3. Effect of blood glucose AUC and 
insulin AUC

Blood glucose  
AUC(mmol.h/L)

Insulin
AUC (μg.h/L)

Normal 8.445±1.236 1.8558±0.362
STZ 31.183±4.567**,# 0.4717±0.162**,#

1,25(OH)2D3 21.301±4.699** 1.1046±0.356**

**compared with normal group, P<0.01, #compared with 
1,25(OH)2D3 group, P<0.05.

P<0.05. Changes in β-cell counts in each group 
(represented as β-cell counts/pancreatic islet 
area). β-cell counts/mm2 were significantly 
lower in each STZ treatment group than in nor-
mal control group (F=31.010, P=0.000), among 
which, β-cell counts were significantly lower in 
STZ group than in 1,25(OH)2D3 group (P= 
0.046), suggesting that 1,25(OH)2D3 was able 
to protect pancreatic β-cells in DM rats from 
STZ-induced injuries. Therefore, 1,25(OH)2D3 
had certain protective effect on pancreatic 
β-cells (Table 2).

Electron microscopic results

Pancreatic β-cells: majority of cells in normal 
rat pancreatic islets are β-cells. The round or  
oval nuclei contained visible medium-sized 
nucleoli and had small projections and invagi-
nations on the surface. Heterochromatins were 
mostly distributed by the nuclear envelope; 
only a few heterochromatins scattered among 
the significant cytoplasmic characteristics was 
that the cytoplasm was full of insulin secretory 
granules. These round or oval encapsulated 
granules had the following morphologies: 1. 

Table 4. Level of 1,25(OH)2D3 and 25(OH)D3 
with treatment

1,25(OH)2D3 
(pg/mL)

25(OH)D3 
 (ng/mL)

Normal 199.67±38.33** 120.36±23.56
STZ 181.39±20.82** 116.32±12.36
1,25(OH)2D3 341.82±43.11 111.18±19.86
**compared with 1,25(OH)2D3 group, P<0.01.

Table 5. Correlation on 1,25(OH)2D3, blood 
glucose AUC and insulin AUC

Correlation factor (r) P value
Blood glucose AUC -0.562 0.024
Insulin 0.517 0.04

There was transparent halo (gap) within the 
membrane and the core contained high elec-
tron-dense substance; 2. They were similar to 
the above granules, but the core contained 
medium electron-dense substance; 3. The core 
contained encapsulated low electron-dense 
substance without halo structure between the 
membrane and the core. These 3 types of gran-
ules were all insulin granules in different states 
with a mean diameter of 202-333 nm.

The cytoplasm contained a few smaller dark- 
er mitochondria with fuzzy cristae. Fewer rough 
endoplasmic reticulum was in fine tubular 
shape or small vesicular shape due to slight 
dilation. The Golgi complex was also small and 
the saccules were slightly stretched. These 
organelles were distributed among the secre-
tory granules and occupied less cytoplasmic 
space.

The cytoplasm contained small heaps of or 
scattering glucagon secretory granules that 
were much lower in number than insulin gran-
ules in β-cells. In the encapsulated granules, 
halo between the membrane and the core was 
visible in some granules but not in others. All 
cores contained high electron-dense substanc-
es. The diameter of these granules was approx-
imately 148-253 nm. The cytoplasm contained 
abundant free ribosomes and polyribosomes; 
despite the smaller mitochondria and rough en- 
doplasmic reticulum, their number was sli- 
ghtly higher than in β-cells.

Significant changes in the cytoplasm involved 
the secretory granules, including significantly 
reduced number of insulin secretory granules; 
the cytoplasm full of insulin secretory granules 
in normal rat pancreatic β cells was not ob- 
served. In some cells, the insulin secretory gra- 
nules piled or scattered in the cytoplasm; these 
granules have largely lost the morphological 
characteristics of normal granules, specifically, 
most granule membrane and cores were com-
pletely dissolved to form electron-transparent 
capsule-free vesicles; very few secretory gran-
ules with normal structure were observed, but 
the volume was small. Meanwhile, in some 
other cells, the cytoplasm contained sparse 
secretory granules or no secretory granules at 
all, which was completely replaced with a large 
number of dilated rough endoplasmic reticulum 
storing more medium electron-dense sub-
stance. In most cells containing secretory gran-
ules, the organelles degenerated significantly. 
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There were fewer mitochondria; most mito-
chondrial cristae and matrix were dissolved, 
even severe enough to form mitochondrial vac-
uoles (inner cristae completely disappeared). 
The rough endoplasmic reticulum was trans-
parent vesicle in shape. Golgi complex sac-
cules and vesicles also dilated with transpar-
ent cisterna. A few small lysosomes were visi-
ble in the cytoplasm.

α-cell hyperplasia was significant; 1 β-cell was 
surrounded by several α-cells, but these α-cells 
had normal morphology without significant 
abnormality. (The structure was basically simi-
lar to the normal control). Cytoplasmic secre-
tory granules significantly increased when com-
pared with normal control group; densely dis-
tributed secretory granules were readily visible. 
Mild degeneration of the organelles such as 
mildly dilated rough endoplasmic reticulum and 
membrane dissolution were observed; mito-
chondrial cristae and matrix mildly dissolved. 

Pancreatic β-cells: the ultrastructure of β-cells 
was similarly between this group and normal 
control group. The cytoplasm was full of abun-
dant secretory granules and the structure of 
most granules was similar to normal control 
group. There were 3 different states of gran-
ules, but dissolved small secretory granules 
were rare. The mitochondria in the cytoplasm 
were small and dark without clear cristae struc-
ture. The rough endoplasmic reticulum slightly 
dilated to form vesicular shape. Golgi complex 
also slightly dilated (Figure 2). 

Changes in blood glucose AUC and insulin AUC 
in each group of rats

Blood glucose AUC was higher while insulin 
AUC was lower in STZ treatment group than in 
normal control group (P<0.01). Blood glucose 
AUC was lower while insulin AUC was higher in 
1,25(OH)2D3 group than in STZ group (P<0.05), 
suggesting that 1,25(OH)2D3 played certain 
roles in protecting pancreatic β-cells in rats 
with STZ-induced DM. Effects on DM rat model-

cance (P=0.046). Blood glucose AUC was sig-
nificantly higher (P=0.00) while insulin AUC was 
lower (P<0.05) in STZ treatment group B and C 
than in normal control group; blood glucose 
AUC was significantly lower (P=0.01) while insu-
lin AUC was higher (P=0.027) in group C than in 
group B, suggesting that 1,25(OH)2D3 played 
certain roles in protecting pancreatic β-cells in 
rats with STZ-induced DM, alleviated STZ-
induced pancreatic β-cell injuries, and tapered 
the amplitude of declining insulin secretion 
(Table 3).

Blood 1,25(OH)2D3 and 25(OH)D3 level: in 4 
weeks after 1,25(OH)2D3 was administered, 
serum 1,25(OH)2D3 level was significantly high-
er in group C than in other 2 groups (P<0.01), 
but there was no difference in 25(OH)D3 level 
between these groups.

Correlation analysis between blood 1,25(OH)2D3 
level and blood glucose AUC and insulin AUC: 
1,25(OH)2D3 was positively correlated with in- 
sulin AUC and negatively correlated with blood 
glucose AUC (Tables 4 and 5).

Expression of pancreatic BAX-mRNA, BCL-2-
mRNA and TNFα

When compared with normal control group, 
pancreatic Bax-mRNA and TNFα expression 
increased in all STZ treatment groups, P<0.05; 
when compared with STZ group, Bax-mRNA and 
TNFα expression was down-regulated in 1,25 
(OH)2D3 group, the difference had statistical 
significance. Bcl-2mRNA level was lower in all 
STZ treatment groups than in normal control 
group, the difference had statistical signifi-
cance, but there were no differences in Bcl-
2mRNA level between STZ treatment groups. 
Bax/Bcl-2 level was significantly lower in 
1,25(OH)2D3 group than in STZ group, the differ-
ences had statistical significance (P=0.004), 
suggesting that Bax and Bcl-2 gene played 
important roles in apoptosis in rats with STZ-
induced DM; while 1,25(OH)2D3 tapered the ris-
ing amplitude of Bax-mRNA, and TNFα expres-

Table 6. mRNA level of TNFα, Bax-2 and Bcl-2 in rat pancreas
N TNFα Bax Bcl-2 Bax/Bcl-2

Normal 8 1.19±0.23 0.35±0.09 1.00±0.34 0.39±0.18
STZ 10 4.16±1.20**’ΔΔ 0.90±0.32**’Δ 0.59±0.18** 1.32±0.31**’Δ

1,25(OH)2D3 10 2.50±0.63*’Δ 0.61±0.21* 0.72±0.25* 0.87±0.29**

*compared with normal group, P<0.05; **compared with. normal group, P<0.01; 
Δcompared with 1,25(OH)2D3 group, P<0.05; ΔΔcompared with 1,25(OH)2D3 group, 
P<0.01.

ing: 10 animals in STZ gro- 
up were successfully mod-
eled; only 6 of the 10 ani-
mals in 1,25(OH)2D3 group 
were modeled. When exa- 
ct probability was calculat-
ed with the 2×2 table, the 
difference between STZ gr-
|oup and 1,25(OH)2D3 gro-
|up had statistical signifi-



1,25-dihydroxyvitamin D3 treat streptozotocin-induced diabetes rats

3302 Int J Clin Exp Med 2017;10(2):3297-3304

sion level and Bax/Bcl-2 ratio in rats with STZ-
induced DM, providing protection for rats with 
DM accordingly (Table 6). Correlation analysis 
of islet TNFα, pancreatic Bax, Bcl-2mRNA 
expression and their ratio (Table 7): islet TNFα 
level was positively correlated with pancreatic 
Bax mRNA expression and Bax/Bcl-2, but unre-
lated to Bcl-2 mRNA expression.

Discussion

It is well known that the patients with T1DM 
had hyperglycemia accompanied by hypoinsu-
linemia while glucagon secretion significantly 
increased. In patients with T1DM, plasma glu-
cagon level does neither decrease with elevat-
ed blood glucose and nor increase with de- 
creased blood glucose, but rather maintaining 
at a certain level. However, plasma glucagon 
significantly increases after intravenous infu-
sion of arginine or consumption of protein me- 
als. Scholars have believed for many years that 
significant increase in plasma glucagon is the 
body’s response to reduced insulin secretion in 
pancreatic islet so that the pancreatic α-cell 
counts will presumably increase, but so far, the 
basic studies in this aspect is very limited [6-8].

Many studies showed that 1,25(OH)2D3 could 
prevent the occurrence of T1DM through immu-
nomodulation, but the exact mechanism is still 
unknown. The SD rat DM model induced by 
repeated intraperitoneal injections of low-dose 
STZ is similar to the pathogenesis of human 
T1DM [9]. This study showed: (1) When com-
pared with normal control group and 1,25- 
(OH)2D3 group, pancreatic β-cell counts in STZ 
group significantly decreased, but pancreatic 
α-cell counts/mm2 in STZ group significantly 
increased (P<0.05); electron microscopic re- 
sults further confirmed that not only β-cell co- 
unts were lower in STZ group than in normal 
control group and 1,25(OH)2D3 group but also 
the secretory granules in β-cells significantly 
decreased; when compared with normal con-
trol group and 1,25(OH)2D3 group, both α-cell 
counts and secretory granules significantly 
increased in STZ groups, suggesting that 

Table 7. mRNA level of Bax-2 and Bcl-2 in rat islets of langerhans
R T P Regression equation

Bax 0.501 2.776 0.011 Bax =0.37+0.10TNFα (F=7.718, P=0.011)
Bcl-2 -0.306 -0.078 0.137
Bax/Bcl-2 0.586 3.340 0.002 Bax/Bcl-2=0.43+0.17TNFα (F=12.006, P=0.002)

1,25(OH)2D3 played significant roles in protect-
ing pancreatic β-cells to attenuate the reduc-
tion of their counts [10]. Immunohistochemical 
assay results confirmed the deposition of IgA, 
IgG and IgM in pancreatic islets of rats with 
STZ-induced SD, suggesting the presence of 
immune injury of pancreatic islets (unpublished 
data). As an immunomodulatory hormone, 
1,25(OH)2D3 can prevent STZ-induced immune 
response to a certain extent so that the pancre-
atic β-cells can obtain certain degree of protec-
tion [11].

As endocrine cells, pancreatic β-cells secrete 
insulin to exert actions at least in following 3 
aspects: 1. Endocrine: once secreted, insulin is 
delivered to the whole body with blood circula-
tion to regulate sugar, fat and protein metabo-
lism in the body and meet the basic physiologi-
cal needs of the body; 2. Autocrine: once se- 
creted, insulin protects and regulates the secre-
tory β-cells [12]. This role is significant is lower 
animals. Insulin’s protective effect on β-cells 
has undoubtedly provided a strong theoretical 
basis for our clinical use of insulin intensive 
therapy. 3. Paracrine: insulin exerts certain in- 
hibitory effect on the growth and differentiation 
of adjacent pancreatic α-cells. When insulin 
concentration around pancreatic β-cells in- 
creases, pancreatic α-cell growth and differen-
tiation are effectively inhibited; when insulin 
level sharply declines, pancreatic α-cell growth 
and differentiation are out of control, resulting 
in significant elevation of blood glucagon and 
inevitable hyperglycemia in patients [13].

Another possibility is that pancreatic α-cells 
and β-cells are derived from common stem 
cells. Under the action of STZ, the transforma-
tion of their common stem cells is in favor  
of α-cells, leading to reduced generation of  
pancreatic β-cells. The protective effect of 
1,25(OH)2D3 on T1DM may be mediated by its 
immunomodulation so that more stem cells 
transform into pancreatic β-cells to protect 
pancreatic β-cells and prevent the occurrence 
of DM [14].
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Since little is known about the roles of 1,25- 
(OH)2D3 besides the bone, there should be plen-
ty room and ideas for further studies. Many 
aspects of its roles in upper respiratory tract 
infection are yet to be elucidated. We had ever 
predicted the presence of hypocalcemia in 
patients with SARS, which was confirmed dur-
ing the rescue process of these patients. In 
fact, decreased 1,25(OH)2D3 level was the 
cause of hypocalcemia. The reasons may be VD 
deficiency due to inadequate exposure to sun-
shine or inadequate 1,25(OH)2D3 synthesis due 
to renal tubular damage prior to infection, 
resulting in insufficient intestinal absorption of 
calcium and phosphorus, and decreased blood 
calcium level; consequently, the patients be- 
come susceptible to respiratory infection, while 
infection is the source of a variety of autoim-
mune diseases. The author opened up a new 
way of thinking for the treatment and preven-
tion of DM in order to prevent pancreatic β-cells 
from injuries, maintain their normal secretory 
function, and avoid the occurrence of hypergly-
cemia [15].

Once T1DM occurs, timely insulin therapy and 
even intensive insulin therapy are unable to 
reverse the subsequently emerged chronic 
complications and the resulted high mortality. 
Therefore, the prevention of T1DM is particu-
larly important.

Despite the significant species difference be- 
tween animal disease model and human dis-
ease, animal studies can avoid many uncontrol-
lable factors and directly reveal pathological 
basis of disease. The commonly used methods 
to replicate T1DM animal models mainly include 
induced model and spontaneous model. DM 
model induced by multiple intraperitoneal injec-
tion of low-dose STZ not only resembles the eti-
ology and pathogenesis of T1DM but also is 
economic and feasible [16].

Conventional immunosuppressants such as 
cyclosporin A, azathioprine and other were on- 
ce used for the treatment of T1DM, but no sat-
isfactory results are obtained yet. In addi- 
tion, the above drugs also had some side eff- 
ects. Therefore, we try to find such a drug that 
can induce immune tolerance of foreign anti-
gen for pancreatic β-cells and protect pancre-
atic β-cells from autoimmune injury at the same 
time; ideally, the drug can also enhance insulin 
secretion, but the most important characteris-
tic is the lack of serious toxic and side effects. 

Epidemiological studies showed that VD was 
related to the incidence of T1DM; other studies 
also confirmed that 1,25(OH)2D3 had some 
potential actions yet to be elucidated besides 
the known effects on bone metabolism. The 
results of this study confirmed that 1,25(OH)2D3 
played certain protective roles in STZ-induced 
DM. Past studies showed that 1,25(OH)2D3 
exerted its effects by restoring imbalanced 
Th1/Th2 and inducing immune tolerance. This 
study confirmed that ① 1,25(OH)2D3 down-
regulated pancreatic TNF-α expression, BAX-
mRNA expression and BAX/BCL-2 ratio in STZ-
induced DM; ② In 1,25(OH)2D3 group, BAX-
mRNA expression and BAX/BCL-2 ratio were 
related to TNF-α expression; 1,25(OH)2D3 was 
able to inhibit pancreatic TNF-α expression; 
therefore, 1,25(OH)2D3 possibly inhibits TNF-α 
expression to down-regulate BAX-mRNA expres-
sion and decrease BAX/BCL-2 ratio in order to 
resist pancreatic β-cell apoptosis and protect 
pancreatic β-cells in rats with DM induced by 
repeated intraperitoneal injection of small-
dose STZ.
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