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Abstract: Objective: Our study aimed to explore the effects of tetrandrine pretreatment on spinal cord ischemia-
reperfusion injury in rabbits. Methods: Forty-eight New Zealand white rabbits were fall into three groups randomly 
according to the random number table as follows: Ischemia-reperfusion group (I/R group), sham operation group 
(sham group) and 22.5 mg/kg pretreatment group using 2 g/L tetrandrine solution (Tet+I/R group). After the model 
establishment and operation, the improved Tarlov score was valued, the permeability of blood spinal cord barrier 
(BSCB) (valued according to the content of Evans Blue (EB) in spinal cord tissue) was examined, the apoptosis 
staining of spinal cord cells and the content of apoptosis related protein Bcl-2 and Bax were detected through 
TUNEL. Results: In the sham group, the improved Tarlov score was 4 on average without dyskinesia. Besides, I/R 
group had evidently lower improved Tarlov score than sham group and Tet+I/R group (P<0.01). At the same time, 
Tarlov score of Tet+I/R group was markedly improved comparing to I/R group, but was still lower than that of sham 
group (P<0.01). In addition, the number of apoptotic cells, EB content, Bax expression, TNF-α and IL-6 expression 
in Tet+I/R group were all lower than those in I/R group. Tet+I/R group had much higher both expression of Bcl-2 
and ratio of Bcl-2/Bax than I/R group with statistical difference (P<0.05). Conclusion: Tetrandrine maintains the in-
tegrity of blood-spinal cord barrier by reducing spinal cord ischemia-reperfusion injury and neuronal apoptosis. The 
protective effect may be related to the regulation of Bcl-2/Bax ratio and the reduction of pro-inflammatory factors.
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Introduction

Spinal cord ischemia-reperfusion injury (SCIRI) 
is a common complication in the operation of 
spinal cord and thoracoabdominal aorta. Dur- 
ing the operation, ischemia and hypoxia oc- 
curred along with compressed spinal cord. In 
this state, oxidative stress and inflammatory 
reaction emerged in the nerve cells of the spi-
nal cord, leading to structural disorder or dys-
function. More seriously, after the compression 
was relieved, the blood refluxing further dam-
aged the nerve cells and induced the reperfu-
sion injury of nerve cells [1, 2]. Many mecha-
nisms are found to be associated with SCIRI, 
including inflammatory response, apoptosis, 
oxygen free radical mediated lipid peroxida- 
tion, intracellular calcium overload, leukocyte 
activation and so on. Among which, inflamma-
tory response and neuronal apoptosis are two 
important pathophysiological mechanisms of 
SCIRI [3].

Tetrandrine (Tet) is a kind of natural selective 
calcium channel blocker, which has the phar-
macological effects including heat dissipation, 
blood pressure reduction, anti-infection, anti-
oxidation, anti-corrosion, anti-cytotoxin and so 
on. Tet is able to improve the state of local isch-
emia after spinal cord injury, prevent calcium 
overload, suppress the generation of free radi-
cals and inflammatory response [4-8]. However, 
there are few researches on Tet in the field of 
SCIRI till now, and there are no relevant reports 
about whether Tet also has a protective effect 
on SCIRI. In this study, the effects of Tet pre-
treatment on expressions of Bcl-2, Bax protein 
and apoptosis gene, neural cell injury, water 
content of spinal cord, BSCB function and mo- 
tor function of hind limbs were observed after 
SCIRI. We preliminarily observed the prospect 
of Tet in the treatment of SCIRI, aiming to pro-
vide experimental basis for the development of 
SCIRI treatment clinically.

http://www.ijcem.com
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Materials and methods

Animal anesthesia group and administration

Forty-eight clean male New Zealand white rab-
bits, weighing 2.1-2.5 kg, were provided by the 
animal experimental center of Guizhou Medical 
University. Before the operation, the experi-
mental rabbits were fed in separate cages in 
room temperature of 25°C with sufficient water 
and food. Then, no food and water was sup-
plied for 8 h before the operation. SCIRI model 
was established according to improved Zivin 
method [9]. According to the body weight of the 
experimental rabbits, amylobarbitone (Shang- 
hai Shangyao xinpressing Pharmaceutical Co., 
Ltd., China) was used for intraperitoneal injec-
tion anesthesia at a dose of 30 mg/kg. Then, 
48 rabbits were fall into three groups randomly: 
Ischemia-reperfusion group (I/R group), sham 
operation group (sham group) and Tet+I/R 
group (Tet+I/R group) according to the random 
number table, 16 rabbits in each group. Tet 
(Jiangxi Pengze pharmaceutical factory, China) 
and normal saline (NS) were prepared into 2 
g/L solution. After anesthesia, Tet was injected 
into the left ear marginal vein according to the 
weight of rabbits in the Tet+I/R experimental 
group at a dose of 22.5 mg/kg. After anesthe-
sia, 0.9% NS of the same volume as Tet+I/R 
group was injected into I/R group and sham 
group.

Experimental method and process

(1) Sham group: One hour before the operation, 
the left ear marginal vein of experimental rab-
bits was injected with 0.9% normal saline about 
24-28 ml (the volume of normal saline was the 
same as the Tet calculated according to the 
dose of Tet 22.5 mg/kg). After anesthesia, the 
rabbits in the sham group only underwent open 
surgery without clamping the abdominal aorta. 
30 min after the operation, the wound was 
sutured.

(2) I/R group: One hour before the operation, 
the left ear marginal vein of experimental rab-
bits was injected with 0.9% normal saline about 
24-28 ml (the volume of normal saline was the 
same as the Tet calculated according to the 
dose of Tet 22.5 mg/kg). After anesthesia, the 
experimental rabbits underwent open surgery 
and the abdominal aorta was closed with 
Scoville-Lewis artery clamp (Beijing granhui-
kang Medical Instrument Co., Ltd., China). 30 

min later, Scoville Lewis clamp was released to 
restore the blood supply of abdominal aorta, 
and the surgical wound was sutured.

(3) Tet+I/R group: One hour before the opera-
tion, the left ear marginal vein of experimental 
rabbits was injected with Tet about 24-28 ml 
(the volume was calculated according to the 
dose of Tet 22.5 mg/kg). After anesthesia, the 
experimental rabbits underwent open surgery 
and the abdominal aorta was closed with 
Scoville-Lewis artery clamp (Beijing granhui-
kang Medical Instrument Co., Ltd., China). 30 
min later, Scoville-Lewis clamp was released to 
restore the blood supply of abdominal aorta, 
and the surgical wound was sutured. The rab-
bits in these three groups were anesthetized 
with 30 mg/kg of amylobarbitone 24 h after 
the operation, and then were killed by rapid cer-
vical dislocation.

Outcome measures

Motor function scores: The motor function of 
hind limbs of the experimental rabbits was 
scored at 24 h post the modeling and opera-
tion. The scoring standard was in accordance 
with the improved Tarlov scoring standard  
[10]. The total score of the movement ranges 
from 0 to 4. Higher score means better motor 
function of the hind limbs.

Permeability of BSCB

After the function scoring of hind limbs was 
completed within 24 h after the operation, 2% 
EB was injected into the ear vein of rabbit  
slowly at the dose of 10 mL/kg before the rab-
bits were killed. One hour later, under the anes-
thesia with amylobarbitone at the dose of 30 
mg/kg, the chest of the experimental rabbit 
was opened to expose the heart, and 0.9% NS 
was used at the ascending aorta to perfuse at 
the dose of 500 mL/kg. The spinal cord tissue 
of the experimental rabbit was obtained, and 
the outer membrane of the spinal cord was 
stripped. Part of the tissues were fixed with  
4% paraformaldehyde, then frozen and cut  
into 10 μm thin slices continuously. The distri-
bution of EB was observed under green laser 
mode of fluorescence microscope, and the EB 
was red under the microscope. The other part 
was immersed in 4% formamide, and the EB 
content in each gram of spinal cord tissue  
was detected by enzyme detection instrument 
(Wuxi Huawei Delang Instrument Co., Ltd., 
China).
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Apoptosis staining of spinal cord cells by 
TUNEL

After the outer membrane of the spinal cord 
was stripped, part of the tissue was fixed with 
4% paraformaldehyde and was made into fro-
zen section. The section was completely cov-
ered with protease K working solution (Shang- 
hai enzyme linked biology Co., Ltd., China) and 
the membrane breaking working fluid (Shang- 
hai enzyme linked biology Co., Ltd., China) one 
by one. The slice tissue was then covered with 
mixed reagent solution in the TUNEL Kit 
(Shanghai enzyme linked biology Co., Ltd., 
China) according to the instructions. Then, the 
processed section was put into a wet box and 
was incubated with a proper amount of DAPI 
dye (Shanghai enzyme linked biology Co., Ltd., 
China). After these above stepswere complet-
ed, the slices were washed, and were then incu-
bated with anti-fluorescence quenching block-
ing agent (Shanghai enzyme linked biology Co., 
Ltd., China) for sealing. Observe the apoptotic 
nerve cells under fluorescence microscope and 
the number of apoptotic neurons in each group 
was recorded in 5 randomly selected fields.

Immunohistochemistry

After the spinal cord slices were fixed with  
formaldehyde solution, expression of Bcl-2 and 
Bax in the spinal cord was detected by strepta-
vidin peroxidase (SP) method strictly using the 
kit (Shanghai enzyme linked biology Co., Ltd., 
China). The definition of Bcl-2 and Bax positive 
was determined by the percentage of positive 
cells and the degree of staining which was 
observed under 5 random high-power mirrors. 
The percentage ≤1% scores 0, 2-10% scores  
1, 11-50% scores 2, 51-80% scores 3 and 81- 
100% scores 4. The degree of staining: nega-
tive scores 0, weak positive scores 1, positive 
scores 2, strong positive scores 3. The product 
of the two was negative at 0, weak positive at 
1-4, positive at 5-7 and strong positive at 8- 
12. Positive rate = (weak positive + positive + 
strong positive)/total cases * 100%.

qRT-PCR

Total RNA of spinal cord tissue was extracted 
using Trizol Kit (Molecular Research Center, 
USA), and the RNA was converted into cDNA  
by reverse transcription Kit (Fernentas, USA). 
Circulation system 25 μL: SYBR premix (2×) 
12.5 μL. The upstream and downstream prim-

ers are designed and provided by Guangzhou 
Ruibo Biotechnology Co., Ltd. The primer se- 
quences of Bcl-2 are as follows: upstream 
(5’-ATAGCTGTTGCCCACTCGAC-3’) and down-
stream (5’-ATCTATGCCCAACAGGCCAC-3). The 
primer sequences of Bax are as follows: up- 
stream (5’-AGAGGGCCCATCACTGAGAA-3’) and 
downstream (5’-CTCCGCCCCATAGTTACCTG-3’). 
The primer sequences of GAPDH are as fol- 
lows: forward (5’-GTCGTAGCAAACCACCAAGC- 
3’) and reverse (5’-TGTGGGTGAGGAGCACATAG- 
3’). The reaction system is listed as follows:  
the 50 μL system includes 1× Taq man buffer, 
3.5 mmol/L MgCl2, 200 μmol/L Datp, dCTP  
and dGTP, 400 μmol/L dUTP, 1.25 U AmpliTaq 
Gold, 0.5 U AmpErase UNG, 0.3 μmol/L up- 
stream and downstream primers of Bcl-2 res- 
pectively, 20 nmol/L fluorescent probe, the 
cDNA obtained by reverse transcription from 
100 ng RNA or quantitative templates of differ-
ent concentrations. Reaction conditions: Pre-
denaturation for 4 min at 94°C, 40 s at 95°C, 
30 s at 60°C, 30 s at 72°C, 35 cycles, prolon-
gation for 1 min at 72°C. GAPDH mRNA was 
used as the internal control. Relative gene 
expression was quantified by 2-ΔΔCt method.

Detection of related protein expression 
through western blotting

Total protein in the other part of the spinal cord 
tissues was extracted and protein concentra-
tion was valued using BCA protein concentra-
tion test kit (AmyJet scientific Co., Ltd., USA). 
12% SDS-PAGE gel was prepared and samples 
were prepared for electrophoresis. Then the 
separated protein was transferred to PVDF 
membrane, and the membrane was sealed at 
room temperature for 1 h. Then discard the 
blocking solution and incubate the membrane 
with the following mouse anti human monoclo-
nal antibody at 4°C overnight: anti-IgG (1:200, 
AmyJet scientific Co., Ltd., USA. Article No.: AAT-
V100065), anti-TNF-α (1:500, Shanghai Xinyu 
Biotechnology Co., Ltd., China. Article No.: bs-
0078R) and anti-IL-6 (1:500, Shanghai enzyme 
linked Biotechnology Co., Ltd., China. Article 
No.: ml027844). After incubated with HRP-
labeled Goat anti rabbit IgG secondary antibo- 
dy (1:10,000, AmyJet scientific Co., Ltd., USA. 
Article No.: A12004-1) at room temperature  
for 30 min. Then, fresh mixed ECL solution 
(Shanghai enzyme linked Biotechnology Co., 
Ltd., China) was added to the membrane for 
further exposure and development in the dark 
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room. Gray value of the target strip was ana-
lyzed using Alphaeasefc software processing 
system. Relative expression of the target pro-
tein was expressed as the ratio of the gray 
value of the target strip to GAPDH strip.

Statistical analysis

SPSS 17.0 statistical software was used for 
statistical analysis. Continuous variables are 
expressed as mean ± standard deviation (

_
x  ± 

sd). One-way ANOVA and Turkey method were 
used for comparison between multiple groups 
and two groups, respectively. Enumeration 
data was expressed in the number of cases/
percentage (n/%) and were further analyzed by 
Pearson chi square test and Fisher’s exact 
probability method. P<0.05 was considered as 
statistically significant.

Results

Comparison of motor function scores of three 
groups of experimental rabbits

In the sham group, the improved Tarlov score 
was 4 on average, and there was no dyskine- 
sia. The improved Tarlov score of I/R group was 
sharply decreased comparing to sham group 
and Tet+I/R group with statistical differences 
(P<0.01). Tarlov score of Tet+I/R group was 

ously improved comparing to that of I/R group, 
but was still higher than that of sham group 
(P<0.001). As shown in Figure 2.

Apoptosis of neurons in spinal cord detected 
through TUNEL

Comparison of apoptosis of spinal neurons in 
three groups of experimental rabbits showed 
that sham group had the lowest number of 
apoptotic neurons (3.032±1.821). The number 
of apoptotic neurons in I/R group (38.232± 
9.872) was largely increased and was much 
higher than that of sham group and Tet+I/R 
group with statistical differences (P<0.001). 
The number of apoptotic neurons of Tet+I/R 
group (12.523±3.762) was largely improved 
comparing to that of I/R group, but was still 
much higher than that of sham group (P< 
0.001). As shown in Figure 3.

Comparison of immunohistochemistry and 
mRNA expression of Bcl-2 and Bax in different 
groups

The immunohistochemistry results of Bcl-2 and 
Bax in three groups showed that, compared 
with sham group and Tet+I/R group, I/R group 
had lower Bcl-2 and higher Bax expression. 
Besides, compared with sham group and Tet+ 

Table 1. Comparison of motor function scores of three groups of experimental rabbits (
_
x  ± sd)

Items I/R group (n=16) Sham group (n=16) Tet+I/R group (n=16) F P
Tarlov rating (scores) 1.52±0.97 4.00±0.00*** 3.02±0.76**,### 49.320 <0.001
Note: Compared with I/R group, **P<0.01, ***P<0.001; compared with Sham group, ###P<0.001.

Figure 1. Comparison of motor function scores of three groups of experi-
mental rabbits. Compared with I/R group, **P<0.01, ***P<0.001; compared 
with sham group, ###P<0.001.

obviously higher than I/R gro- 
up, but was still lower than 
sham group (P<0.01). As sh- 
own in Table 1 and Figure 1.

Permeability of BSCB

Comparison about permeabili-
ty of BSCB in three groups 
showed that sham group had 
the lowest content of EB 
(1.762±1.239) μg/g, while I/R 
group had much higher con-
tent of EB (16.023±2.614) 
μg/g than sham group and 
Tet+I/R group with statisti- 
cal differences (P<0.001). The  
EB content of Tet+I/R group 
(8.922±2.402) μg/g was obvi-
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I/R group, I/R group had lower rate of Bcl-2/
Bax and lower expression of Bcl-2 mRNA, but 
higher expression of Bax mRNA, all with statis-
tical differences (P<0.05). As shown in Tables 
2, 3 and Figure 4.

Comparison of relative expression of TNF-α 
and IL-6 proteins in different groups

The results showed that relative expression of 
TNF-α and IL-6 proteins in Tet+I/R group was 

Figure 2. The comparative of 
the EB content in spinal tissues 
in three groups of experimen-
tal rabbits. A: Pictures of BSCB 
permeability in three groups of 
experimental rabbits under mi-
croscope; B: Comparison of EB 
content in spinal cord of three 
groups. Magnification under mi-
croscope: 100×. Compared with 
I/R group, ***P<0.001; compared 
with sham group, ###P<0.001. EB: 
Evans Blue.

Figure 3. Comparison of apoptosis of spinal 
neurons in three groups of experimental rab-
bits. A: Pictures of apoptotic neurons in three 
groups of experimental rabbits under micro-
scope; B: Comparison about number of apop-
totic neurons of three groups. Note: Compared 
with I/R group, ***P<0.001; compared with 
sham group, ###P<0.001.
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much lower than that of I/R group with statisti-
cal differences (P<0.05). As shown in Table 4 
and Figure 5.

Discussion

Spinal cord ischemia-reperfusion injury (SCIRI) 
is commonly found in surgery clinically. Spinal 
cord injury may be accompanied by sensory 
disturbance and dyskinesia after, and it may 
also lead to quadriplegia, paraplegia, or even 
death in severe cases, seriously affecting the 
prognosis of patients and resulting in huge  
economic and social burden [11-13]. Previous 
studies have shown that tetrandrine (Tet) has 
protective effects on cerebral or myocardial 
ischemia [14, 15]. In this study, rabbits were 
used to make SCIRI models. The followed re- 
sults showed that improved Tarlov scores of  
I/R group largely was significantly lower than 
both sham group and Tet+I/R group. It is sug-
gested that pretreatment with Tet has a cer- 
tain protective effect on motor function of the 
experimental rabbits.

Previous studies have pointed out that cell 
apoptosis and inflammation are crucial in the 
development of SCIRI [16]. Previous studies 
also found common neuronal cell loss during 

to irreversible spinal cord injury [17]. Therefore, 
it is very important to maintain the structural 
integrity of BSCB and reduce the damage to 
BSCB in the early stage of reperfusion [18]. It  
is found that Tet can inhibit the calcium chan-
nel, through which it can significantly reduce 
the calcium concentration and calmodulin ac- 
tivity in inflammatory cells, and further sup-
press the release of inflammatory mediators 
and associated inflammatory factors. Besides, 
Tet can also inhibit the production of oxygen 
free radicals but increase the release of SOD. 
The scavenging effect of SOD further reduced 
the content of oxygen free radicals and MDA in 
the injured spinal cord tissue, and finally main-
tained the stability of the biological membrane 
structure of the spinal cord [19, 20]. In this 
study, we found that the Tet pretreated I/R 
group had a much lower EB content of spinal 
cord tissue than I/R group, which indicated th- 
at Tet had a protective effect on the structural 
integrity of spinal cord barrier through early 
intervention. In the study of neuron apoptosis 
in spinal cord, we found that the number of 
apoptotic cells in Tet pretreated I/R group was 
much lower than I/R group. Thus, we speculat-
ed that Tet reduced the apoptosis of neural 
cells through exerting anti-inflammatory effect. 

Table 2. Comparison of relative mRNA expression of Bcl-2 and Bax in dif-
ferent groups (

_
x  ± sd)

Groups Cases Relative expression  
of Bcl-2 mRNA

Relative expression 
of Bax mRNA

Rate of Bcl-2/
Bax

Sham group 16 0.42±0.09*** 0.34±0.07*** 1.24±0.05***

I/R group 16 0.25±0.08 0.52±0.09 0.49±0.04
Tet+I/R group 16 0.38±0.11* 0.39±0.08*** 0.98±0.06***

F 14.260 21.360 16.654
P <0.001 <0.001 <0.001
Note: Compared with I/R group, *P<0.05, ***P<0.001.

Table 3. Comparison of immunohistochemical positive rates of Bcl-2 and 
Bax in different groups (n, %)

Groups Cases Cases  
of Bcl-2 (-)

Cases  
of Bcl-2 (+)

Cases  
of Bax (-)

Cases  
of Bax (+)

Sham group 16 0 16*** 16 0***

I/R group 16 8 8 6 10
Tet+I/R group 16 2 14** 14 2**

χ2 13.137 18.667
P 0.001 P<0.001
Note: Compared with I/R group, **P<0.01, ***P<0.001.

the progress of SCIRI, 
but the associated me- 
chanism is very com-
plex. The reperfusion 
of blood flow after spi-
nal cord ischemia le- 
ads to the generation 
of oxygen free radicals 
and inflammatory fac-
tors and the failure  
of mitochondria, which 
leads to further sec-
ondary injury of spinal 
cord and is also con- 
sidered to be closely 
related to the loss of 
neurons [2]. In the pro-
cess of secondary inju-
ry, the selective death 
of motoneuron cells 
induced by apoptosis 
promoting signals, to- 
gether with the destru- 
ction of BSCB struc- 
ture by inflammatory 
factors, eventually led 
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Figure 4. Comparison of Bcl-2 and Bax immunohistochemistry and relative mRNA expression in different groups. A: Pictures and semi quantitative results of rep-
resentative Bcl-2 immunohistochemical staining in three groups of cells; B: Pictures and semi quantitative results of representative Bax immunohistochemical 
staining in three groups of cells; C: Comparison of relative expression of Bcl-2 and Bax mRNA in different groups. Compared with I/R group, *P<0.05, ***P<0.001.
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Previous studies showed that Tet had a signifi-
cant inhibitory effect on pro-inflammatory fac-
tors [12, 21]. In this study, Tet intervention is 
also found to reduce the level of pro-inflamma-
tory factors TNF-α and IL-6 in SCIRI, thus reduc-
ing secondary injury in spinal cord.

It has been found that cell apoptosis is related 
to many mechanisms, such as free radical 
action and gene regulation, and it is a regula-
tion process involving multiple genes. Among 
them, Bcl-2 family is considerable in the regu- 
lation of apoptosis [22]. Oxygen free radicals 
induce cell apoptosis through regulation of 
apoptosis related proteins such as Bcl-2 and 
Bax. Bcl-2 is a family of apoptosis related ge- 
nes and has been widely studied recently. Bcl-2 

and Bax are two important antagonistic apop-
tosis regulatory genes and they work together 
to regulate cell apoptosis through inhibiting  
cell apoptosis by Bcl-2 and promoting cell  
apoptosis by Bax. They form the positive and 
negative control of cell apoptosis, and deter-
mine whether the cell would go to apoptosis by 
the proportion of them [23]. Previous results 
showed that higher rate of Bcl-2/Bax had bet-
ter inhibiting effect on cell apoptosis and the 
protective effect of highly expressed Bcl-2/ 
Bax on myocardial ischemia-reperfusion injury 
has also been confirmed before [24, 25]. Our 
study showed that, compared with sham group 
and Tet+I/R group, I/R group had much lower 
rate of Bcl-2/Bax and lower expression of Bcl- 
2 mRNA, but had higher expression of Bax 

Table 4. Comparison of the relative expression of TNF-α and IL-6 proteins in different groups (
_
x  ± sd)

Groups Cases Relative expression of TNF-α protein Relative expression of IL-6 protein
Sham group 16 0.09±0.01*** 0.17±0.02***

I/R group 16 0.54±0.12 0.53±0.11
Tet+I/R group 16 0.22±0.09** 0.21±0.07**

F 113.123 107.414
P <0.001 <0.001
Note: Compared with I/R group, **P<0.01, ***P<0.001.

Figure 5. Comparison of the relative expression of TNF-α and IL-6 proteins in different groups. A: Pictures of western 
blot and comparison of relative expression of TNF-α proteins in different groups; B: Pictures of western blot and com-
parison of relative expression of IL-6 proteins in different groups. Compared with I/R group, **P<0.01, ***P<0.001.
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mRNA. These above results together suggest 
that Tet may protect the spinal cord and redu- 
ce reperfusion injury by elevating the rate of 
Bcl-2/Bax to reduce apoptosis and maintain 
the integrity of BSCB.

However, our present study did not carry out 
the intervention research of related signal pa- 
thway, and the observation time for the effect  
is not long enough. Besides, multi dose resear- 
ch has not been conducted, which is our next 
research plan.

In general, Tet can reduce the apoptosis of neu-
rons and protect the integrity of BSCB, which 
may be related to the regulation of Bcl-2/Bax 
ratio and the reduction of pro-inflammatory 
factors.
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