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Impact statement
No researchers reported Vitamin D could

protect degeneration of intervertebral disc.

That is to say, we found a new method to

prevent and treat degenerative changes of

the intervertebral disc in diabetic patients.

And Vitamin D prevented the discs by

improving the content of TGF-b and IGF-1.

Abstract
Objective: The contents of transforming growth factor-b and insulin-like growth factor-1 in

disc of diabetic rats were measured at three different periods after injected with 1,25-

Dihydroxyvitamin D3, and compared with that in normal rats. The significance of content

changes was also discussed.

Methods: Fourty-five Sprague-Dawley (SD) rats were divided into three groups, namely the

experimental group (STZþcalcitriol), control group (STZþcitrate buffer), and normal group

(citrate buffer). Complete lumbar discs in these groups were obtained at the second, fourth, sixth week, respectively. After

paraffin-embedded sections and HE staining, the structure and morphology changes of disc were observed. The content of

transforming growth factor-b and insulin-like growth factor-1 was measured by immunohistochemical method, and the expression

of transforming growth factor-b and insulin-like growth factor-1 was detected by Western Blot.

Results: In hematoxylin–eosin staining, degenerative changes were observed in disc of experimental and control group at three

different periods, and there were no changes in disc in normal group. Immunohistochemical method indicated the content of

transforming growth factor-b and insulin-like growth factor-1 in experimental and control group was significantly lower than normal

group at three different periods (P< 0.05). And there were significant differences between experimental and control group at three

different periods (P< 0.05).

Conclusion: Vitamin D can protect the degeneration of intervertebral disc and improve the content of transforming growth factor-

b and insulin-like growth factor-1 in the intervertebral disc, which provides a new idea for the prevention and treatment of

degenerative changes of the intervertebral disc in diabetic patients.
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Introduction

Diabetes is characterized by hyperglycemia, and accompa-
nied by retinopathy, kidney disease, myocardial disease and
other complications. Pathophysiological basis of organ
damage in diabetic patients includes the thickening of capil-
lary basement membranes, microvascular barrier dysfunc-
tion and other microangiopathy.1 Ziv et al.2 has proved that
intervertebral disc tissue would be affected by microangio-
pathy. There were no blood vessels in intervertebral disc
tissue, so nutritions of the nucleus pulposus are mainly
from the proliferation of nutrients in the vertebral blood
vessels.3 Microangiopathy of diabetes includes destruction
of capillary sprout in endplate, stenosis of vascular lumen,
and reduction in the number of vascular lumen, which lead
to insufficient nutrition supply and accumulation of the

metabolic toxin in intervertebral disc, and thus cause disc
degeneration.4,5 In addition, changes of cytokines in disc of
diabetic patients will affect on the intervertebral disc. TGF-b
and IGF-1 are cytokines that regulate the synthesis of extra-
cellular matrix in intervertebral disc and prevents apoptosis
of intervertebral disc cells. The content of TGF-b and IGF-1
can also indirectly reflect the degree of disc degeneration.

Yi et al.6 have proved that 1,25-Dihydroxyvitamin D3 can
be used for the treatment of diabetic complication. Calcium
is a second messenger associated with the process of insulin
secretion, and vitamin D is essential in the process of cal-
cium metabolism; 1,25-Dihydroxyvitamin D3, as the most
important active form of vitamin D, in addition to maintain
stable calcium environment in the body, can regulate prolif-
eration and differentiation of various cells. It can inhibit the
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secretion of renin, reduce oxidative stress, thus improving
urinary protein of diabetic rats. What’s more, it can inhibit
inflammatory reaction, treat diabetic cardiomyopathy,
promote the recovery of bone mineral density, and increase
the sensitivity of insulin. However, whether 1,25-
Dihydroxyvitamin D3 can relieve disc degeneration by
affecting the content of TGF-b and IGF-1 is still unknown
to us.

In this study, the contents of TGF-b and IGF-1 in three
groups at different time points were measured. We ana-
lyzed these data and discussed the effect of Vitamin D on
TGF-b and IGF-1 contents in disc of diabetic rats and its
significance in disc in diabetic rats.

Materials and methods
Animals

This animal experiment was approved by Ethics Review
Committees of Animal Research Institution of Hebei
Medical University. Sixty-five adult male SD rats (weight:
180–200 g) were raised in a clean environment in Animal
Experimental Center of Hebei Medical University.

Preparation for diabetic rat model

SD rats were randomly divided into experimental group
(n¼ 20), control group (n¼ 20), and normal group
(n¼ 15). In experimental and control group, SD rats were
injected with streptozocin (STZ) solution (Cayman, Ann
Arbor, MI) dissolved in citrate buffer (Solarbio, Beijing)
for three times in every three days with a maximum dose
of 30 mg/kg to maintain hyperglycemia and induce dia-
betic rats. Rapid glucose meter (Rightest GM550, Hua
guang sheng ji, Taiwan) was used for measuring fasting
blood glucose in tail vein of rats. If the concentration of
blood glucose was� 200 mg/dL, the rat was identified as
diabetic rat. Pre-test results showed the establish rate of
success diabetic rat model was about 80%. Two rats were
excluded because of complication of diabetes. Once the dia-
betic rats were diagnosed, the rats were divided into control
group (n¼ 15) and experimental group (n¼ 15) again. Then,
rats in experimental group were injected intraperitoneally
with 1 mg/kg calcitriol (Cayman, Ann Arbor, MI) dissolved
in edible oil, and rats in control and normal groups were
injected intraperitoneally with 1 mg/kg citrate buffer.
Finally, each group had 15 SD rats.

Treatment for specimens

Five rats were taken from each group at the second, fourth,
sixth week, respectively, and killed by 1% pentobarbital
sodium via intraperitoneal injection. Fresh lumbar disc tis-
sues were obtained and weighted, rinsed with 0.02 mol/L
phosphate-buffered saline (PBS). Tissue blocks less than
0.5 cm� 0.5 cm� 0.1 cm were fixed with 4% paraformalde-
hyde and dehydrated using graded ethanol. Then, paraffin
tissue blocks were embedded by copper mold.
Intervertebral disc tissue was cut into pieces, grinded, and
centrifuged. The supernatant was collected to determine
the concentration of protein.

Hematoxylin–eosin staining

Paraffin section was dewaxed by xylene, dehydrated using
graded ethanol, stained with hematoxylin for 5 min, rinsed
with tap water, differentiated in differentiation solution for
30 s, soaked in tap water for 15 min, stained with 2 min
eosin, rinsed with tap water, dehydrated using graded etha-
nol, transparent with xylene, and mounting with neutral
resins, and observed under microscope.

Immunohistochemical method

Paraffin sections were cut into 5 um tissue sections and
attached to a polylysine-coated slide. Tissue sections were
baked for 4.5 h at 65�C. After dewaxing and putting into
PBS, wax was streaked. Primary antibody was dropped
into section at 4�C overnight. After 10–20 min at room tem-
perature, sections were put into PBS. Biotinylated second
antibody was dropped into section at 37�C for 20 min.
Sections were put into PBS. Finally, streptavidin horserad-
ish peroxidase conjugate (SA-HRP) was dropped into
section at 37�C for 20 min. Sections were put into PBS.
3,30-diaminobenzidine (DAB) color was used. Nucleus
was redyed by hematoxylin. After dehydration using
graded ethanol, transparent with xylene, and mounting
with neutral resins, the section was observed under
microscope. Histomorphology images captured under a
microscope were analyzed by Image-Pro Plus system (ver-
sion 5.1, Media Cybernetics). Five visual fields with the
strongest positive expression were calculated, and the
scores of cytoplasmic staining and positive cell rates were:
0, no staining; 1, light yellow; 2, brown-yellow; 3, brown; 0,
a proportion <5%; 1, a proportion of 5%–25%; 2, a propor-
tion of 26%–50%; 3, a proportion of 51%–75%; 4, a propor-
tion> 75%. The two kinds of scores were added. Scores< 2,
negative expression (�); scores of 2–3, slightly positive
expression (�); scores of 4–5, positive expression (þ);
scores of 6–7, strong positive expression (þþ).7

Western Blot

Protein (10 ug) was separated on a 15% SDS-PAGE gel and
electrophoretically transferred to a cellulose acetate mem-
brane. The membrane was blocked for 3 h, then TGF-b and
IGF-1 antibody were added and incubated at 4�C overnight.
Membrane was rinsed with TBST for three times. Secondary
antibody was incubated for 2 h at room temperature,
the membranes were subsequently washed and the blots
were visualized using a Bio-Rad Gel DocTM XRþ Imaging
system. Glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) was set as internal reference, and the ratio of
the expression of target proteins to the expression of inter-
nal reference protein was the relative expression of target
proteins. The experiment was performed in triplicate.

Statistical analysis

The data of scores were analyzed by Kruskal–Wallis H test.
The data of Western blot were expressed as �X� S: The
differences among multiple groups were compared using
one-way ANOVA. P< 0.05 was considered statistically
significance.
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Result
Blood glucose in rats

The concentrations of blood glucose of diabetic rats in STZ-
treated groups, namely the experimental and control
groups, were significantly higher than normal group at
the second, fourth, and sixth week (P< 0.05). There were
no significant differences between experimental and control
groups (P> 0.05) (Table 1).

Degeneration in disc of diabetic rats

In control group, HE staining showed different degrees of
degeneration changes in disc of diabetic rats. Endplate cal-
cification occurred and chondrocytic cells appeared.
Notochordal cells were decreased. Collagen fiber hyperpla-
sia appeared, and annulus fibrosus meanderingly arranged.
Nucleus pulposus matrix shrinked, decreased and dis-
ordered arranged. Nucleus pulposus and annulus fibrosus
bulged outward, and part of the nucleus pulposus cells
arranged in clusters. In normal group, the structure of
disc was normal. Annulus fibrosus had well-regulated
layered structure, and collagen bundles were regular
arranged which were mainly consisted of fibroblasts.
Endplate was consisted by a layer of hyaline cartilage.
There were abundant notochordal cells which were strip-
shaped distributed, and the boundary of nucleus pulposus
and annulus fibrosus was clear. And there were abundant
cells in matrix. In experimental group, the structure of disc
of diabetic rats in experimental group was normal. There
were no calcification and chondrocytic cells in endplate car-
tilage. The boundary of annulus fibrosus and nucleus pul-
posus was clear, and no significant shrink of matrix
appeared, which was clear arranged. Few nucleus pulposus
cells were disorderly arranged. There was no significant
disc degeneration (Figure 1).

Changes of the contents of TGF-b and IGF-1

There was no significant difference between TGF-b and
IGF-1 level in normal group at three different periods
(P> 0.05) (Tables 2 and 3). The situations in control and
experimental groups were the same (Tables 2 and 3).

The positive rate of TGF-b and IGF-1 in disc cells of dia-
betic rats in experimental group was significantly lower
than that of normal group, and higher than that of control
group at three different periods (P< 0.05) (Figures 2 and 3;
Tables 4 and 5).

Expression of TGF-b and IGF-1 proteins in disc cells

The expressions of TGF-b and IGF-1 proteins in disc cells of
experimental group were lower than that of normal group,
and higher than that of control group (P< 0.05) (Figure 4,
Table 6).

Discussion

Diabetes has become one of the major diseases in China,8

which has different degrees of effect on the connective tis-
sues of the body, including lumbar disc tissues. There are
many factors that can cause disc degeneration in diabetic
patients. The distribution of nutrition of intervertebral disc
is mainly through the cartilage endplate to the nucleus pul-
posus tissue, and harmful metabolites disperse through the
original way out of the end plate.9 While the concentration
gradient within the original intervertebral disc is destroyed
by hyperglycemia because of diabetes, thus affecting trans-
fer power of nutrition of intervertebral disc, which leads to
the reduction of nutrition of intervertebral disc and depos-
ition of metabolites. These will cause damage of the nucleus
pulposus cells, lead to the reduction of water content of
intervertebral disc matrix and resistance to compression
of the intervertebral disc tissue, and finally result in degen-
erative performances in intervertebral disc, such as bio-
mechanical changes and decrease of stability. For vascular
bud tissues that deep into cartilage endplate and feed
nucleus pulposus cells, hyperglycemia will cause dysfunc-
tion and progressive occlusion of the barrier of vascular bud
tissues,10 eventually lead to the reduction of vascular
number, lumen thinning, and abnormal changes of PH,
oxygen partial pressure, and osmotic pressure in interver-
tebral disc.11

Vitamin D shows its activity mainly through the form of
1,25(OH)2D3 in the body. 1,25(OH)2D3, also called calci-
triol, is a kind of fat-soluble vitamins and belongs to steroid
compound, which plays its role by combining to intracellu-
lar specific receptor VDR.12 van Halteren et al.13 found the
complex of 1,25(OH)2D3 and VDR had comprehensive
physiological and pathological effects on kidney and car-
diovascular system. When combined with the VDR of
kidney, it could inhibit the secretion of rennin, prevent the
infiltration of macrophage in renal tissue, and reduce the
oxidative stress response and the progress of renal fibrosis.
Adorini et al.14 proved that 1,25(OH)2D3 could reduce urin-
ary protein and injury of the nephritis animal model, so as
to play its role in the protection of the kidney of diabetic
rats. What’s more, it could inhibit and reduce inflammatory

Table 1 Comparison of blood glucose in rats at different periods ðX� SÞ mmol/L

Groups

Concentration of blood glucose

Initial The second week The fourth week The sixth week

Experimental group 24.61� 5.15a 20.98�4.89a 20.89� 6.23a 23.47� 5.55a

Control group 24.77� 5.34b 26.22�5.18b 23.76� 4.46b 25.53� 6.52b

Normal group 4.94� 0.65 5.01�0.66 4.89� 0.82 4.63� 0.58

aLevel of significance with P< 0.05 compare with normal group.
bLevel of significance with P< 0.05 compare with normal group.

1256 Experimental Biology and Medicine Volume 242 June 2017
. . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . .. . . . . . . . . . . . . . .



reaction, and induce Bcl-2 expression, thus maintaining cell
autophagy in an appropriate scope and avoiding autopha-
gic cell death. For islet b-cells, vitamin D can reduce the
antigen presenting capacities of macrophages, reduce the
content of inflammatory factor IL-2, increase the sensitivity
of insulin, and thus playing a protective role in islet b-cells
in diabetes and anti-inflammatory effect.15 However, the
deficiency of Vitamin D is common in diabetic patients,
and lacking 1,25 -(OH)2D3 is more pronounced than

25 -(OH)D3.16 When the deficiency of Vitamin D occurs,
calcium channel is closed, which can directly affect the syn-
thesis and secretion of insulin, interfere with insulin signal-
ing pathway and increase the incidence of insulin resistance
by causing blocking of insulin receptor substrate phosphor-
ylation.17 In the five year follow-up study, Mitri et al.18

found the deficiency of Vitamin D could increase the risk
of diabetes, and the supplement of Vitamin D could reduce
the risk of type 2 diabetes. The function of islet B cell could

Figure 1 HE staining of experimental, control and normal groups at different periods. There was significant disc degeneration in control group (P< 0.05). There was

no significant different in disc degeneration between control group and experimental group (P>0.05). (a–c) corresponded to the second, fourth, and sixth weeks in

normal group. (d–f) corresponded to the second, fourth, and sixth weeks in control group. (g–i) corresponded to the second, fourth, and sixth weeks in experimental

group. (A color version of this figure is available in the online journal.)

Table 2 Comparison of TGF-b level in disc of rats in normal, control and

experimental groups at three different periods

Groups Weeks N

Rank mean

of TGF-b df P

Normal 2 5 7.15 2 0.375

4 5 8.69

6 5 8. 69

Control 2 5 6.73 2 0.325

4 5 8.21

6 5 9.66

Experimental 2 5 6.83 2 0.251

4 5 8.21

6 5 9.66

Table 3 Comparison of IGF-1 level in disc of rats in normal, control and

experimental groups at three different periods

Groups Weeks N

Rank mean

of IGF-1 df P

Normal 2 5 7.15 2 0.375

4 5 8.69

6 5 8. 69

Control 2 5 7.15 2 0.731

4 5 8.69

6 5 8.69

Experimental 2 5 6.83 2 0.251

4 5 8.21

6 5 9.66
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be improved through short-term supplementation of calci-
triol in adult patients with type 2 diabetes, and the content
of glycosylated hemoglobin could be reduced, thus alleviat-
ing the condition of diabetic patients.19 In this study, the
blood glucose in experimental group was lower than con-
trol group, which suggested that Vitamin D could decrease
the blood glucose in diabetic rats.

TGF-b and IGF-1 are two kinds of cytokines that can
change extracellular matrix of the intervertebral disc and
prevent apoptosis of the intervertebral disc, and the con-
tents decrease at different levels in the degenerated inter-
vertebral discs. TGF-b is a kind of dimeric polypeptide and
plays important role in the development, growth and main-
tenance of spine and intervertebral disc tissues,20 which
plays a special role in promoting synthesis of cartilage
matrix, maintaining dynamic equilibrium of decomposition
and anabolism of cartilage matrix, inhibiting expression
and secretion of extracellular matrix degrading enzyme in
intervertebral disc, and reducing the degradation of extra-
cellular matrix through non-Smad-dependent signaling
pathway.21 In the diabetic state, the decrease of TGF-b
causes the decrease of proteoglycan. Proteoglycan, as one
of the important extracellular matrix, can combine with col-
lagen, fibronectin, and elastin in extracellular matrix, which
constitutes characteristic extracellular matrix. Moreover, it
contains large amounts of water, so the nucleus pulposus

cells have sufficient flexibility and can undertake sufficient
pressure,22 forming the essential components to maintain
the normal disc structure, metabolism and physiological
function. In this study, generally, TGF-b levels in control
and experimental groups were lower than normal group,
indicating TGF-b was reduced in diabetic rats. Hence, the
proteoglycan in diabetic rats might be decreased.

IGF-1 is a kind of active polypeptide, and can inhibit the
degeneration of cartilage, promote the proliferation of chon-
drocyte, and maintain the stability of cartilage collagen in
disc through ERK/MAPK signaling pathway.23 It can pro-
mote the synthesis of chondrocyte proliferation and cartil-
age matrix and play a key role in cartilage formation and
the self-regulation of cartilage.24 Type II collagen is the main
expression product of extracellular matrix in cartilage end-
plate of the disc.25 IGF-1 can stimulate chondrocyte to syn-
thesize substrate specificity type II collagen, increase the
activity of glycosaminoglycans poly enzyme and alkaline
phosphatase of osteoblast, so as to protect disc tissue and
prevent degeneration and aging. IGF-1 can also stimulate
nucleus pulposus cells to secrete extracellular matrix. Seki
et al.26 has proved IGF-1 can promote the synthesis of pro-
teoglycan in extracellular matrix and reduce its decompos-
ition. Hence, how to relieve the decrease of TGF-b and IGF-1
in intervertebral disc of diabetic rats plays an important role
in preventing the degeneration of intervertebral disc in

Figure 2 Immunohistochemistry of TGF-b in disc cells from experimental, control and normal groups at different periods. The positive rate of TGF-b in disc cells of

diabetic rats in experimental group was significantly lower than that of normal group, and higher than that of control group at three different periods (P<0.05). (a–c)

corresponded to the second, fourth, and sixth weeks in normal group. (d–f) corresponded to the second, fourth, and sixth weeks in control group. (g–i) corresponded to

the second, fourth, and sixth weeks in experimental group. (A color version of this figure is available in the online journal.)
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Figure 3 Immunohistochemistry of IGF-1 in disc cells from experimental, control and normal groups at different periods. The positive rate of IGF-1 in disc cells of

diabetic rats in experimental group was significantly lower than that of normal group, and higher than that of control group at three different periods (P<0.05). (a–c)

corresponded to the second, fourth, and sixth weeks in normal group. (d–f) corresponded to the second, fourth, and sixth weeks in control group. (g–i) corresponded to

the second, fourth, and sixth weeks in experimental group. (A color version of this figure is available in the online journal.)

Table 4 Comparison of TGF-b level in disc among normal, control group and experimental groups

Group

TGF-b level

Rank mean df PNegative (�)

Slightly

positive (�) Positive (þ)

Strong

positive (þþ) Total

Normal group 0 0 1 14 15 36.53 2 0.000

Control group 4 11 0 0 15 8.40a

Experimental group 0 1 13 1 15 24.07a,b

Total 4 12 14 15 45 – – –

aLevel of significance with P<0.05 compare with normal group.
bLevel of significance with P<0.05 compare with control group.

Table 5 Comparison of IGF-1 level in disc among normal, control group and experimental groups

Group

IGF-1 level

Rank mean df P� � þ þþ Total

Normal group 0 0 1 14 15 37.03 2 0.000

Control group 4 11 0 0 15 8.37a

Experimental group 0 1 13 1 15 23.06a,b

Total 4 12 14 15 45 – – –

aLevel of significance with P<0.05 compare with normal group.
bLevel of significance with P<0.05 compare with control group.
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diabetic rats. In this study, the positive rate of TGF-b and
IGF-1 in disc cells of diabetic rats in experimental group
was significantly higher than control group at three
different periods (P< 0.05), which indicated that Vitamin
D could improve the contents of TGF-b and IGF-1 and
decrease the risk of diabetes. The expressions of TGF-b
and IGF-1 proteins in disc cells of experimental group
were higher than control group (P< 0.05), which further
supported this founding.

We speculated the changes of HE staining in interverte-
bral disc were related to the increase of TGF-b and IGF-1 in
intervertebral disc, and this result was also confirmed by
immunohistochemistry and Western Blot. The deficiency of
vitamin D could lead to the decrease of VDR in endplate
chondrocytes, while VD3 might increase the content of
TGF-b and IGF-1 in the intervertebral disc by combining
with VDR, thus promoting the differentiation, proliferation
and maturation of chondrocytes, maintaining the stability
of cartilage collagen, and playing a critical role in self-reg-
ulation of cartilage. In addition, VD3 could also affect the
synthesis of proteoglycans through chondrocytes,27 and
make a positive feedback with TGF-b and IGF-1. What’s
more, Vitamin D could improve the insulin sensitivity,
reduce blood glucose concentration in diabetic rats, thereby
reducing the intra-disc concentration of blood glucose,
improving nutrient transport power in intervertebral disc,
and reducing metabolic product deposition, further increas-
ing TGF- B and IGF-1 contents in diabetic intervertebral
disc and alleviating degeneration of intervertebral disc.

Conclusion

Vitamin D can protect the degeneration of intervertebral
disc and improve the content of TGF-b and IGF-1 in the
intervertebral disc, which provides a new idea for the pre-
vention and treatment of degenerative changes of the inter-
vertebral disc in diabetic patients. In addition, to prevent
microangiopathy and actively control blood glucose in dia-
betic patients, adding vitamin D is also an effective way.
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