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Background: This study provides experimental results on the applicability of bone marrow mesenchymal stem cells (BMSCs)
for the repair of intervertebral disc annulus fibrosus in rabbits.

Material/Method: Thirty healthy rabbits were randomized into an observation group (n=15) and a control group (n=15). Both
groups underwent degeneration of intervertebral disc annulus fibrosus. The observation group was treated
with a solution of BMSCs and dexamethasone sodium phosphate, while the control group was treated with
dexamethasone sodium phosphate only.

Results: The two groups were compared for efficacy and pathological conditions after treatment. Both disc height in-
dex and level of type Il collagen in nucleus pulposus were significantly higher in the observation group than in
the control group at 2, 4, 8, and 12 weeks after degeneration (p<0.05 for all comparisons). The percentages of
grade 0 and grade 1 were significantly higher in the observation group than in the control group (p<0.05 for
both grade 0 and 1 comparisons), while the percentage of grade 4 and grade 5 were significantly lower in the
observation group than in the control group (p<0.05 for both grade 4 and 5 comparisons).

Conclusions: BMSCs cultured in vitro can effectively repair intervertebral disc annulus fibrosus, which is of positive signifi-
cance, and thus is clinically recommended.
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Background

The intervertebral disc is an elastic gel-like substance consist-
ing of several rings of multilayer annulus fibrocartilaginous
that surround an inner center, the nucleus pulposus. Disc de-
generation is often associated with patient age, sex, lifestyle,
bad posture, and occupation [1]. It is difficult to cure once it
develops, and can seriously affect a patient’s health and daily
life. Currently, replacement therapy is a commonly used clin-
ical treatment, however, foreign body rejection often devel-
ops [2]. It can also be ineffective when there is a large area
of defect. Therefore, its restorative treatment value remains
a problem in medical practice. Thus, it is important to find an
alternative reasonably effective treatment. It has been report-
ed that bone marrow stem cells have some restorative effects
in treating diseases of intervertebral disc annulus fibrosus [3].
In view of this, our study investigated the effects of bone mar-
row mesenchymal stem cells (BMSCs) on repairing interverte-
bral disc annulus fibrosus in rabbits.

Material and Methods

Materials

Thirty 6-month-old healthy New Zealand white rabbits were
provided by the Experimental Animal Center of Inner Mongolia
University. The animals were certified by the Center of Inner
Mongolia University, Certificate number: 20130241. They were
randomized into an observation group and a control group
(both n=15). The observation group included eight females and
seven males, with an average body weight of 2.5+0.5 kg. The
control group included seven females and eight males, with
an average weight of 2.5+0.4 kg. The two groups had no sig-
nificant differences in sex ratio, age, or species (p>0.05), and
thus were comparable.

Methods
Intervertebral disc degeneration in rabbits

Both groups underwent surgical disc degeneration, which was
performed as follows. (1) All rabbits were fasted for 6 hours
before surgery, weighed, anesthetized by injection of 20% ure-
thane (4 mL/kg) via the ear vein, and fixed on the operating ta-
ble. (2) After the rabbits were shaved over the center of peri-
toneum, a small longitudinal incision of 6-8 cm was made, the
subcutaneous tissue was bluntly dissected, and the intestinal
canal was pushed aside to expose L3-L4 and L4-L5 discs. (3) 5
mL of disc nucleus pulposus was extracted from the discs un-
der sterile conditions.
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Culturing of rabbit BMSCs

Under sterile conditions, 5 mL of bone marrow was extracted
from 1-month-old healthy New Zealand rabbits. The extracted
bone marrow cells were cultured to the third generation by ad-
herent culture, and observed for growth under a microscope.

Treatment

Two weeks after surgery, 50 pL of BMSCs (2.0x10° cells/mL)
mixed with 5 mg of dexamethasone sodium phosphate
(Zhengzhou Zhuofeng Pharmaceutical Co. Ltd.; National
Approval Number: H41020055) was injected into the impaired
L3-4 and L4-5 discs of rabbits in the observation group; while
only 5 mg of dexamethasone sodium phosphate was adminis-
trated to rabbits in the control group. The two groups of rab-
bits were compared at 2, 7, and 12 weeks after surgery.

Determination of disc height index (DHI)

The anterior, middle, and posterior heights of disc (DH), upper
vertebral body (UB), and lower vertebral body (LB) were mea-
sured. The DHI was calculated as follows:

DHI = (DH1 + DH2 + DH3) x 2/(LB1 + LB2 + LB3 + UB1 + UB2
+ UB3)

Determination of type Il collagen

A sample of 0.5 mL of nucleus pulposus was diluted with ace-
tic acid to 50 mL. Then 20 mL of the mixture was centrifuged
at 4000 r/min for 10 minutes for immunohistochemistry. Type
Il collagen expression was detected using a rabbit anti-mouse
type Il collagen antibody (Cell Signaling Technology, USA) and
a type Il collagen immunohistochemistry kit (Jingmei Biological
Engineering Co., Ltd., China) and observed under a microscope.

Pathological grading

Grade 0: normal structure of intervertebral disc annulus fibro-
sus, with no defects; grade 1: mild distortions of intervertebral
disc annulus fibrosus, with fissures; grade 2: moderate dis-
tortions of intervertebral disc annulus fibrosus, with fissures;
grade 3: mild inward protrusion of intervertebral disc annulus
fibrosus; grade 4: significant inward protrusion of interverte-
bral disc annulus fibrosus; grade 5: messy and obscure struc-
ture of intervertebral disc annulus fibrosus.

Statistical methods
Statistical analysis was performed using SPSS 13.0. Enumeration

data were analyzed by y? test and measurement data by t-test;
p<0.05 was considered statistically significant.

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS] [Index Copernicus]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

4427




LiX. etal:
BMSCs for the repair of intervertebral disc annulus fibrosus
© Med Sci Monit, 2016; 22: 4426-4430

ANIMAL STUDY

Table 1. Comparison of disc height index after shaved over the center of peritoneum (¥+s).

Group Number Before surgery 2 weeks 4 weeks 8 weeks 12 weeks
Observation group 15 95.05+4.06 82.05+3.21* 78.04+2.89* 77.46+2.88* 81.5142.26*
Control group 15 94.95+3.76 73.88+3.08 69.25+3.07 62.45+2.67 60.72+3.64
t = 0.070 7.113 8.074 14.803 18.793
P = 0.945 0.000 0.000 0.000 0.000

* P<0.05 compared with the control group, there was a significant difference in DHI between 2, 4, 8, and 12 weeks after surgery.

Table 2. Comparison of level of type Il collagent after shaved over the center of peritoneum (mg/mL, 3+s).

Group Number Before surgery 2 weeks 4 weeks 8 weeks 12 weeks
Observation group 15 5.05£0.16 4.38+0.24* 4.36+0.16* 4.72+0.23* 4.78+0.32*
Control group 15 4.98+0.26 3.23+0.12 3.33+0.15 3.29+0.16 3.15£0.12
t = 0.888 16.599 18.189 19.767 18.472
P = 0.382 0.000 0.000 0.000 0.000

* P<0.05 compared with the control group. there was a significant difference in level of type Il collagent between 2, 4, 8, and 12 weeks

after surgery.

Results

DHI comparison after treatment

DHI was 82.05+3.21, 78.04+2.89, 77.46+2.88, 81.51+2.26, re-
spectively, at 2, 4, 8, and 12 weeks after surgery in the obser-
vation group, which were significantly higher than 73.88+3.08,
69.25+3.07, 62.45+2.67, and 60.72+3.64 in the control group
(p<0.05). The higher DHI indicated better clinical rehabilita-
tion in the observation group, which is of positive significance.
Moreover, DHI was significantly higher before surgery than at
2,4, 8, and 12 weeks after surgery in both the observation and
control groups. In the observation group, there was a signif-
icant difference in DHI between each time point. Results are
shown in Table 1.

Comparison of level of type Il collagen in nucleus pulposus
(Unit: mg/mL)

The level of type Il collagen in nucleus pulposus was 4.38+0.24,
4361016, 4.72+0.23, 4.78+0.32, respectively, at 2, 4, 8, and
12 weeks after surgery in the observation group, which were
significantly higher than 3.23+0.12, 3.33+0.15, 3.2940.16, and
3.1540.12, respectively, in the control group (p<0.05). Moreover,
the level of type Il collagen was significantly higher before
surgery than at 2, 4, 8, and 12 weeks after surgery in both
the observation and control groups. In the observation group,
there was a significant difference in the level of type Il colla-
gen between each time point, except between 2 and 4 weeks,
and between 8 and 12 weeks. In the control group, there was

significant difference between 2, 4, 8, and 12 weeks. Results
are shown in Table 2.

Pathological comparison 12 weeks after surgery between
the two groups

The percentages for rabbits at grade 0 and grade 1 were
40.00% (6/15) and 46.67% (7/15), respectively, in the ob-
servation group, which were significantly higher than 0.00%
(0/15) and 0.00% (0/15) in the control group (both p<0.05);
while the percentages for rabbits at grade 4 and grade 5 were
0.00% (0/15) and 0.00% (0/15), respectively, in the observation
group, which were significantly lower than 33.33% (5/15) and
26.67% (4/15) in the control group (both p<0.05) (Figures 1, 2;
Table 3). The above results indicated that the treatment given
to the observation group was effective in repairing interverte-
bral disc annulus fibrosus, which is of significant importance.

Discussion

Nowadays, people often suffer from damage to the bone struc-
ture, especially to the lumbar intervertebral disc, due to over-
work or accidental injuries, which has a great impact on pa-
tients [4,5]. Significant treatment effects have been achieved
with the clinical application of replacement therapy. However,
replacement therapy involves the implantation of an inani-
mate foreign material into the body, which may cause compli-
cations. Although it has been reported that patients had sig-
nificantly improved physical condition and quality of life after
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Figure 1. Pathology of control group at 12 weeks after exposure

to bone marrow mesenchymal stem cells for repairing
intervertebral.
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Figure 2. Pathology of observation group at 12 weeks after
bone marrow mesenchymal stem cells to repairing
intervertebral.

Table 3. Pathological comparison 12 weeks after after shaved over the center of peritoneum (%).

Group Number Grade 0 Grade 1 Grade 2 Grade 3 Grade 5
Observation group 15 6 (40.00)* 7 (46.67)* 1 (6.67) 1 (6.67) 0 (0.00)*
Control group 15 0 (0.00) 0 (0.00) 2 (13.33) 4 (26.67) 5(33.33)
e = 7.500 9.130 0.370 2.160 6.000
P = 0.006 0.003 0.543 0.142 0.014

* P<0.05 compared with the control group. there were a significant difference in Pathological grade between grade from Grade 0 to 5

fter surgery.

replacement therapy, some patients developed rejection and
needed medication [6]. Moreover, in addition to the high sever-
ity and incidence of the disease, it is also a prevalent disease
in the elderly population. Clinical recovery is often slow in the
elderly due to poor metabolism. The disease may cause com-
pression on surrounding tissues and complications in the lat-
er stages, which may pose a threat to the lives and health of
patients, and might even be life-threatening [7]. Therefore, it is
very important to find a new effective treatment that not only
allows timely treatment of damaged discs, but also prevents
further progress, thus alleviating the suffering of patients ear-
ly on, improving outcomes, and thereby curing the disease [8].

In this study, BMSCs combined with dexamethasone sodium
phosphate, and dexamethasone sodium phosphate alone were
injected into rabbit discs. As shown in Table 1, although DHI
was decreased after surgery in both groups, it was significant-
ly higher in the observation group than in the control group
at 2, 4, 8, and 12 weeks after surgery. Moreover, it increased
week by week in the observation group while it decreased in
the control group. The results indicated that transplantation of

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

BMSCs was effective in repairing intervertebral disc annulus fi-
brosus, which is consistent with the findings of Chen et al. [9].
As shown in Table 2, although the level of type Il collagen was
decreased after surgery in both groups, it was significantly
higher in the observation group than in the control group at 2,
4, 8, and 12 weeks after surgery, which is consistent with the
findings of Yi et al. [10]. In the control group, the level of type
Il collagen slightly increased at 4 weeks compared to 2 weeks
when the treatment began, but then gradually decreased. This
may be related to the anti-inflammatory and antitoxic effects
of dexamethasone sodium phosphate, which slowed the dis-
ease progress to a certain extent, but did not treat the root
cause of the disease [11]. In addition, as shown in Table 3,
most rabbits were at grades 0 and 1 in the observation group,
while at grades 4 and 5 in the control group, which is consis-
tent with the findings of Liu et al. [12]. This may be related to
the strong differentiation and proliferation of BMSCs, which
allows effective filling and repairing of the damaged annulus
fibrosus without rejection, and thus restoring its function [13].
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Conclusions

In summary, BMSCs cultured in vitro can effectively repair in-
tervertebral disc annulus fibrosus, which is of positive signif-
icance, and can hopefully be applied clinically and be widely
recommended in major hospitals.
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