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Abstract 

Purpose: To determine the effect of propofol combined with hyperbaric oxygen on spinal cord injury 
(SCI) in rats. 
Methods: A total of 36 Sprague-Dawley (SD) rats were randomly divided into sham group (S group), 
model group (M group), and propofol combined with hyperbaric oxygen group (P group). The Basso, 
Beattie and Bresnahan (BBB) scoring system was adopted to evaluate the recovery of motor function in 
rats. Subsequently, levels of interleukin-18 (IL-18) and IL-1β in the spinal cord tissues were determined 
using enzyme-linked immunosorbent assay (ELISA). Nerve cell apoptosis in the spinal cord tissues 
were examined via terminal deoxynucleotidyl transferase dUTP nick end labeling (TUNEL) assay. 
Finally, the protein expression levels of MAPK/ERK in the spinal cord tissues were assessed by 
Western blotting. 
Results: Compared with S group, BBB score in M group decreased at days 3 and 10 after treatment. 
While the BBB score of rats in P group was significantly increased (p < 0.05), compared with S group. 
The expressions of IL-18 and IL-1β were significantly lower in S and P groups than in M group (p < 
0.05). S and P groups had lower apoptosis rate in the spinal cord tissues than in M group. Furthermore, 
Western blotting results showed that protein expressions of MAPK/ERK pathway were higher in S group 
and P group than in M group (p < 0.05). 
Conclusion: Propofol, combined with hyperbaric oxygen improves the prognosis of SCI rats probably 
by regulating MAPK/ERK signaling pathway, thus paving way for the development of a potential 
treatment for the management of spinal cord injury in humans. 
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INTRODUCTION 
 
Spinal cord injury (SCI) is a common serious 
neurological disease. Because nerve cells are 
non-renewable, trauma and spinal cord tumors in 

numerous patients become complicated with 
hemiplegia or paraplegia, severely affecting 
quality of life. Spinal cord injury repair has always 
been a global challenge, and the incidence rates 
of SCI differ widely worldwide. Although the 
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global incidence rate is estimated to be 2.3 
cases/100,000 residents in 2007 [1], the number 
found in the literature varies widely. As far as 
Spain's specific situation is concerned, the global 
number shown in a few epidemiological studies 
is 0.8-2.3 cases/100,000 residents [2,3]. 
 
Propofol is a novel narcotic drug with sedative 
effects, which is rapidly metabolized in vivo. 
Patients awaken quickly after treatment, and it is 
a useful approach that can be adopted in treating 
craniocerebral injury and reducing cerebral 
oxygen consumption [4]. Hyperbaric oxygen 
relieves microcirculation disturbance in patients 
with severe craniocerebral injury, and ensures 
sufficient oxygen supply [5]. SCI, similar to 
craniocerebral injury, is also a nerve cell injury.  
 
So based on the above, the effect of propofol 
combined with hyperbaric oxygen on SCI in rats 
and its possible mechanisms, were explored in 
this study, so as to provide new ideas for 
improving the cure rate of SCI patients. 
 
EXPERIMENTAL 
 
Materials 
 
Rats 
 
Specific Pathogen Free (SPF)-grade Sprague-
Dawley (SD) male rats (8 weeks-old, 180-200 g) 
were purchased from Beijing Vital River 
Laboratory Animal Technology Co. Ltd. (Beijing, 
China).  
 
Animal grouping and SCI modeling 
 
A total of 36 SD rats were randomly divided into 
3 groups, namely, sham operation group (S 
group), SCI model group (M group) and propofol 
combined with hyperbaric oxygen group (P 
group), and each group was further assigned into 
two subgroups according to two treatment time 
points, with 6 rats in each subgroup. After 
anesthesia with pentobarbital, the rats were fixed 
on a sterilized operation board, and the fur on the 
back was shaved off. Following disinfection with 
Aierdian, a longitudinal incision was made to 
expose the T9 spinous process and vertebral 
arch, and then this spinal cord segment was 
clamped for 30 sec to induce the severe injury. In 
the S group, the spinal cord did not undergo 
weight dropping, but the muscles, fascia and skin 
were sutured layer by layer, and the incisions 
were disinfected again.  
 
The rats in P group were put into a hyperbaric 
oxygen chamber for 40 min at a fixed time every 
day. After the pressure (2 L/min) was stabilized, 

the rats in P group were intraperitoneally injected 
with 74 mg/kg propofol every day. The rats in S 
group and M group were not put into the 
hyperbaric oxygen chamber and were 
intraperitoneally injected with an equivalent 
volume of normal saline in place of propofol. This 
study was approved by the Animal Ethics 
Committee of The Second Affiliated Hospital of 
University of South China Animal Center, and 
followed international guidelines for animal 
studies. 
 
Basso, Beattie and Bresnahan (BBB) score of 
rats in each group 
 
The BBB score was evaluated by technicians 
who are not members of the research group and 
familiar with BBB scoring, which reflect motor 
function and assess SCI or recovery of rats. 
 
Hematoxylin and eosin (H&E) staining 
 
The rats were sacrificed to remove spinal cord 
tissues, which were then fixed in 4 % 
paraformaldehyde for 72 h. After that, the fixed 
spinal cord tissues were dehydrated, embedded 
by paraffin and cut into about 5-ꭒm thick 
sections. The sections were deparaffinized in 
xylene, sequentially washed with alcohol at 
different concentrations, and washed with pure 
water to remove alcohol. Next, the deparaffinized 
sections were soaked in hematoxylin for staining 
and added with differentiation solution after 
hematoxylin was washed away with clear water. 
The obtained light blue sections were rinsed 
under running water until they turned sky blue 
and then soaked in eosin solution. Thereafter, 
the eosin solution was washed away with clear 
water. Following water absorption, the glass 
slides were put into alcohol for complete 
dehydration, and into xylene for 
transparentization. Subsequently, the success-
fully transparentized sections were removed, 
dripped with gum dropping liquid and sealed with 
cover glasses. Pathological changes in the spinal 
cord tissues dried by baking were observed 
under an optical microscope. 
 
Determination of IL-18 and IL-1β in spinal 
cord tissues 
 
About 0.3 g spinal cord tissues were taken for 
homogenization and centrifuged for 10 min at 4 
C and 1000 g to obtain the supernatant. 
According to the instructions on the ELISA kits, 
standard substance and experimental samples 
were added to the microplate. After the reaction 
well was sealed, incubation was carried out on a 
horizontal oscillator for 2 h at room temperature. 
ELISA was performed according to the 
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manufacturer’s protocols. 
 
Detection of apoptosis via terminal 
deoxynucleotidyl transferase dUTP nick end 
labeling (TUNEL) assay 
 
The rats were sacrificed at a set time point, and 
then the spinal cord tissues were fixed in 4 % 
paraformaldehyde, rinsed and infiltrated with 
0.1 % Triton X-100 according to the instructions 
of TUNEL cell apoptosis detection kits. Then, the 
paraffin-embedded sections of spinal cord 
tissues were prepared, the sealed section 
samples were marked with fluorescent color 
development agent, and TUNEL-positive cells 
were examined under a fluorescence 
microscope. At least, 10 fields of view were 
selected to calculate the TUNEL-positive cell 
rate, representing the apoptosis rate of spinal 
cord tissue cells. 
 
Western blotting 
 
The proteins were extracted using RIPA buffer 
with protease and phosphatase inhibitor cocktails 
(Roche) from the spinal cord tissues, which 
concentration was then evaluated. Next, the 
proteins were mixed with sodium dodecyl 
sulphate-loading buffer and boiled at 95 C for 3 
min. Subsequently, 8 – 10 % polyacrylamide gel 
electrophoresis was applied to separate the 
equal amounts of proteins (Beijing ApplyGene 
Co., Ltd., Beijing, China), which were then 
transferred onto a polyvinylidene fluoride (PVDF) 
membrane. After sealing with 10 % skim milk, the 
membranes were incubated with primary 
antibody (1: 1000) at 4 C overnight.  
 
The next day, after washing thrice with the 
prepared 1  Tris-buffered saline with Tween®20 
(TBST), the proteins were placed into the 
secondary antibody corresponding to the primary 
antibody, incubated in a shaker at room 
temperature for 1 h, and then washed 3 times 
with 1  TBST. Thereafter, the PVDF membrane 
was taken out, and electrochemiluminescence 
(ECL) solution (Thermo Fisher Scientific, 
Waltham, MA, USA) was added for exposure and 
image development. Lastly, ImageJ software 
(NIH, Bethesda, MD, USA) was utilized to 
analyze each protein band. 

 
Statistical analysis 
 
SPSS statistical analysis software (version 26.0) 
was adopted for data analysis. Measurement 
data are expressed as mean ± standard 
deviation. Comparison between multiple groups 
was done using one-way ANOVA test followed by 
post hoc test (least significant difference). P < 
0.05 was considered statistically significant. 
 
RESULTS 
 
BBB score of rats  
 
Compared with that before operation, the BBB 
score in S group did not significantly change (p > 
0.05), suggesting that the operation does not 
affect the BBB score of rats. Compared with that 
in M group, the BBB score of rats in P group was 
significantly increased at 3 d and 10 d (p < 0.01) 
(Table 1). 
 
IL-1β and IL-18 expressions in rats 
 
Rats in S group had normal spinal cord tissues 
with no abnormalities such as edema, 
inflammatory cell infiltration and hemorrhage. 
Rats in M group suffered from obvious tissue 
edema and evident hemorrhage, necrosis and 
local inflammatory cell infiltration for 10 days 
(day). Furthermore, in comparison with those in 
M group, the edema was notably relieved, and 
no obvious hemorrhage or necrosis was found 
locally in P group. In contrast to those in M 
group, the expressions of IL-1β and IL-18 in the 
spinal cord tissues of rats were markedly 
reduced in S group and decreased in P group (p 
< 0.05). Besides, in comparison with those at 3 
d, the expressions of IL-1β and IL-18 in M group 
and P group were elevated at 10 d group (p < 
0.05, Table 2). 
 
Nerve cell apoptosis in rat spinal cord tissues 
 
Compared with those in M group, apoptotic nerve 
cells in the spinal cord tissues of rats were 
significantly reduced in S group (p < 0.01) and 
decreased in P group (p < 0.05), with statistically 
significant differences. 
 

 
Table 1: Comparison of BBB score of rats in each group at different time points (n = 6, mean ± SD) 

 
Group Before operation Day 3  Day 10 
S group 21 ± 0.00 21 ± 0.00a 21 ± 0.00a 
M group 21 ± 0.00 2.38 ± 0.16b 1.84 ± 0.13b 
P group 21 ± 0.00 4.51 ± 0.48bc 9.61 ± 1.07bd 

ap > 0.05, bp < 0.01 vs. before operation. cp > 0.05, dp < 0.01 vs. M group 
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Table 2: Comparison of IL-1β and IL-18 expressions in the spinal cord tissues among each group of rats (n = 6, 
mean ± SD) 
 

Group 
Day 3 Day 10 

IL-1β (pg/mL) IL-18 (pg/mL) IL-1β (pg/mL) IL-18 (pg/mL) 
S group 13.61 ± 1.17 70.84 ± 6.98 14.18 ± 1.37 69.67 ± 6.51 
M group 69.57 ± 7.10 238.42 ± 21.37 97.68 ± 9.27 468.16 ± 42.84 
P group 38.61 ± 4.02 125.64 ± 11.62 51.69 ± 4.82 238.27 ± 24.66 
aP < 0.01, vs. S group; bp < 0.05, vs. M group; cp < 0.05, vs. M group; at day 3, and dp < 0.05 vs. P group at day 
3 
 
In comparison with those at day 3, apoptotic 
nerve cells were increased at day 10 in M group 
(p < 0.01), but they did not change significantly at 
10 d in P group (p > 0.05, Figure 1). 
 

 
 
Figure 1: Comparison of the apoptosis rate in the 
spinal cord tissues of rats in each group. ap < 0.01, vs. 
S group; bp < 0.05, vs. M group; c p < 0.05, vs. M 
group at day 3, and dp > 0.05 vs. P group at day 3 
 
MAPK and ERK expressions in rat spinal cord 
tissues 
 
Compared with M group, S group exhibited 
distinctly raised expression levels of MAPK and 
ERK (p < 0.01), and P group showted raised 
expression levels of MAPK and ERK (p < 0.05, 
Figure 2). 
 

 
 
Figure 2: Comparisons of MAPK and ERK expression 
levels and the absorbance of protein bands in spinal 
cord tissues among the various groups of rats. aP < 
0.01 vs. S group, bp < 0.05 vs. M group 
 
DISCUSSION 
 
At present, there are about 180,000 cases of SCI 
globally, and this number is still on the rise. 
According to an epidemiological investigation, 
falling as well as traffic accidents are the most 
common causes of SCI [6,7]. Currently, the 
treatment of SCI involves traditional drug 

therapy, surgical therapy, cell therapy, gene 
therapy and tissue engineering therapy [8-11]. 
Spinal cord injury includes trauma and tumor cell 
entry, causing a series of nervous system 
problems, such as loss of motor and sensory 
functions, intestinal and bladder dysfunction, 
spasm, neuralgia and autonomic nerve reflex 
disorders. The pathophysiology of SCI is 
traditionally divided into two stages: primary SCI 
and secondary SCI [12,13]. The complex 
pathophysiology of SCI includes pathological 
defects [14-16]. However, these complex 
pathophysiological processes still need to be 
studied further. 
 
The emphasis of current treatments of SCI 
patients is mainly targeted at relieving early 
compression, nerve compression, as well as the 
prevention of complications [17,18]. There are 
many studies on nerve cell regeneration, but the 
protection of spinal cord nerve cells has rarely 
been investigated. As propofol exerts sedative 
effects and can reduce oxygen consumption [19], 
and hyperbaric oxygen provides sufficient 
oxygen to the body [20], the effects of propofol 
combined with hyperbaric oxygen on SCI in rats 
and its possible action mechanisms were 
explored in this study. 
 
It was found in this research that propofol 
combined with hyperbaric oxygen could increase 
the BBB score of rats and contribute to motor 
function recovery, and these effects were more 
obvious at 10 d. H&E staining also revealed that 
propofol combined with hyperbaric oxygen 
effectively relieves spinal cord edema and 
reduces inflammatory cell infiltration. When the 
time was extended, the injury in M group was 
aggravated, and the tissue edema in P group 
was gradually alleviated. TUNEL assay of 
apoptosis also confirmed that propofol combined 
with hyperbaric oxygen improved the apoptosis 
rate of nerve cells, but it would be reduced as the 
treatment time was increased. In the meantime, 
the mechanism by which propofol combined with 
hyperbaric oxygen improved SCI in rats was 
investigated. It was discovered that the 
expressions of MAPK and ERK were up-
regulated in the M group but down-regulated in 
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the P group after intervention, indicating that 
propofol combined with hyperbaric oxygen may 
play a role by activating the MAPK/ERK signaling 
pathway. 
 
However, there are still some limitations in this 
present study. First, there were only 6 rats in 
each group, so the sample size was too small 
and needs to be expanded in further research. 
Second, there was a lack of the specific inhibitors 
that knock out gene in rats so as to confirm that 
the prognosis of SCI rats can be improved by 
activating the MAPK/ERK pathway. If propofol 
combined with hyperbaric oxygen is proved to be 
effective in animals with small side effects, the 
approval of the Ethics Committee can be applied 
for to carry out clinical experiments. This may be 
an efficacious way to improve the cure rate of 
SCI patients in the future. 
 
CONCLUSION 
 
Propofol combined with hyperbaric oxygen 
improves the prognosis of SCI in rats, probably 
by regulating MAPK/ERK signaling pathway. 
Thus, this combination treatment has potentials 
for use in the management of SCI in humans. 
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