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Abstract 

Purpose: To investigate the effectiveness of tetrahydropalmatine (THP) in the treatment of spinal cord 
injury (SCI) in rats. 
Methods: Adult Sprague Dawley rats were divided into 3 groups: normal control group, SCI group, and 
SCI group treated with THP (100 mg kg-1). The effect of THP on spinal cord water content, levels of 
inflammatory mediators, oxidative stress and apoptosis were determined. Locomotor activity in rats was 
measured using Basso, Beattie and Bresnahan (BBB) scores. Various oxidative stress markers as well 
as cytokine levels (NF-ĸB, IL-6, IL-1β and TNF-α were determined. Apoptotic index was measured using 
TUNEL assay.  
Results: After 72 h of treatment with THP, BBB scores in SCI group of rats significantly increased from 
4.19 ± 0.41 to 8.89 ± 0.47 (p < 0.05). Tunel assay revealed a higher apoptotic index (42.50 ± 3.19) in 
the tissues of SCI rats than in SCI rats treated with THP (31.48 ± 1.19, p < 0.01). Expressions of 
inflammatory cytokines were significantly upregulated in SCI rats. However, THP administration resulted 
in significant downregulation of the expressions (p < 0.01). 
Conclusion: These results indicate that THP attenuates traumatic SCI in rats via modulation of the 
levels of anti-inflammatory mediators. Thus, THP has a promising potential for the management of SCI. 
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INTRODUCTION 
 
One of the most devastating forms of injury 
which causes psychological and physical impact 
on an individual is spinal cord injury (SCI). 
Traumatic SCI remains a life-threatening 
condition with high mortality worldwide. Spinal 
cord injury (SCI) has unfamiliar pathogenesis 
which makes it a clinical challenge [1]. A wide 

spectrum of mechanistic and therapeutic 
possibilities for SCI treatment has been 
speculated. However, there is still need for an 
effective remedy for SCI-induced tissue damage. 
Spinal cord injury initiates a series of primary and 
secondary responses which need to be taken 
care of [2]. Traumatic spinal damage triggers on 
a cascade of immune responses which lead to 
death of oligodendrocytes and neurons and scar 
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development, and may even degenerate to 
irreversible neurological dysfunction. It is known 
that SCI induces severe damage to localized 
nerve endings, leading to necrosis and formation 
of cavities which degenerate to scar 
development. Thus, SCI leads to degeneration of 
normal brain and cardiovascular functions [3]. 
 
Spinal cord injury may be due to severe 
accidents or strong mechanical impacts. The 
impact created locally produces oedema, 
electrolyte imbalance, fluctuations in energy 
metabolism, impaired biochemical functions, 
reduction in blood flow, changes in vascular 
permeability, and tissue disruption which may 
affect microglia and endothelial cells [4]. 
Ultimately, SCI affects and disturbs the quality of 
life of the affected patients, due to inability to 
maintain normal posture, uncontrollable bowel 
and bladder functions, insomnia and loss of libido 
[5]. 
 
Neural damage during SCI is due to elevated 
levels of inflammatory mediators such as TNF-α 
IL-1B, IL-6 and NF-ĸB [6]. Oxidative stress due to 
presence of free radicals and inflammation 
progressively lead to apoptosis of neuronal cells, 
and hence have contributed considerably to 
current understanding of the pathology of SCI [7]. 
Mechanical damage to the spinal cord can 
initiate secondary responses such as changes in 
the vascular characteristics and ionic 
concentration and levels of neurotransmitters [8]. 
Moreover, inflammation may be precipitated by 
excessive production of reactive oxygen species 
(ROS), peroxides and free radicals [9]. 
Neurological vascular injuries may be aggravated 
by ROS, oedema, and proteases such as 
caspase, metalloproteinases and phospholipases 
[10]. The experimental model of SCI in animals is 
produced by compression of the spinal cord. This 
reduces locomotor activity and produces 
hyperactivity of neurogenic detrusor. The injury 
could be visualized through microscopic 
observations [11]. 
 
Tetrahydropalmatine (THP) is an alkaloid present 
in Rhizoma corydalis. Its antioxidant, 
neuroprotective, cardio-protective, anti-apoptotic, 
sedative and analgesic effects have been 
established [12]. Recently, it was reported that 
THP exerted protective effects against Japanese 
encephalitis by modulating the expressions of 
pro-inflammatory cytokines [13]. The present 
investigation was carried out to study the 
influence of THP on the expressions of various 
mediators involved in SCI. The investigation was 
carried out to unravel the attenuating effect of 
THP on signs and symptoms of SCI, and the 
possible mechanisms involved, with respect to 

the anti-inflammatory signal pathway, recovery of 
locomotor activity, reduction in spinal oedema 
and induction of apoptosis.  
 
EXPERIMENTAL 
 
Animals and experimental protocol 
 
All animal care and experimentation were 
performed in accordance with the American 
Physiological Society’s guiding principles for the 
care and use of animals [14], and approved by 
Committee for Ethics in Animal Studies, Shanxi 
Academy of Medical Sciences, Taiyuan, China 
(approval no. SAMS/CEAS/139). Adult Male 
Sprague-Dawley rat, weighing in a range of 270 
to 310 g, were procured from the Central Animal 
Laboratory, Shanxi Academy of Medical 
Sciences, Taiyuan, China. 
 
Thirty-six animals were randomly divided into 
three groups. Group I included animals that were 
exposed to mere surgical process and were not 
induced with SCI, Group II animals were induced 
with SCI and left untreated, and Group III rats 
were induced with SCI and treated with THP 
(100 mg/kg in PBS intraperitoneally). The 
animals were housed in non-pathogenic and 
temperature-controlled environment in separate 
cages and exposed to 12 h cycle of dark and 
light, with free access to food and water 
consumption.  
 
Anaesthesia was induced by injecting sodium 
pentobarbital (50 mg/kg intraperitoneally), 
followed by an incision of 2 cm made laterally to 
vertebrae (T7 to T10) and the thoracolumbar 
fascia and muscular part of spinal region was slit 
laterally and pulled-in. Under microscopic 
observation, the muscles from T8-T9 bony 
segment of backbone were operated and 
subjected to extradural compression using a 
vascular clip for 30 sec (30 g forces, Kent 
Scientific Corp., USA) for induction of spinal cord 
injury. The spinal cord was flushed with 
physiological buffer saline solution and, the 
muscles and skin were stitched back with 
biodegradable sutures and this site was marked 
using non-biodegradable suture [15]. After 
completion of the surgical procedure, the rats 
were brought back to their respective cages, and 
were monitored for their vital signs. Ischemia in 
the spinal cord coupled with swelling, tail control 
response, reflex in the lower body movement and 
legs, and appearance of mild paralysis were 
visualized as markers of SCI. The animals 
received ampicillin injection to the peripheral 
back muscles once every three days, to reduce 
the chances of infection due to surgery, if any.  
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Group I (n = 12) was sham group and the 
animals were exposed to surgical procedure but 
were not induced with SCI and were injected with 
PBS solution 15 min after surgery, and thrice per 
day for three days. Group II (n = 12) rats were 
surgically operated and induced with SCI and 
received PBS solution intraperitoneally three 
times daily for three days. Rats from Group III (n 
= 12) were induced with SCI after surgical 
procedure and injected with THP (100 mg/kg 
intraperitoneally) solution prepared in 
physiological saline. The animals were subjected 
for the study of locomotor activity, and then 
euthanized by cervical dislocation method. For 
conduction of electrophoretic mobility shift assay 
(EMSA), enzyme linked immunosorbent assay 
(ELISA) and determination of wet:dry spinal cord 
weight index, six animals were exsanguinated 
using cardia puncture technique. The spinal 
cords across the site of injury were immediately 
cut, and subjected to determination of wet: dry 
index, and the remainder mass was subjected to 
cryopreservation in liquid nitrogen. For 
performing terminal deoxynucleotidyl 
transferase-mediated dUTP nick end labelling 
(TUNEL), six rats from each group were perfused 
with cold (4oC) saline solution into the left 
ventricle and then exposed to neutral buffered 
formalin (4 %). The spinal cords were stored for 
the next 14 h in neutral buffered formalin (4 %), 
and then grafted in paraffin for histopathological 
examination [16].  
 
Assessment of revival of neuronal 
functionality 
 
The recovery of locomotor activity was studied in 
an open field using method as reported earlier 
[17]. The Basso, Beattie and Bresnahan (BBB) 
method was adopted to rank neuronal-locomotor 
co-ordination. The scale of 0 to 21 was used, 
where 0 indicates complete paralysis and 21 
indicates normal locomotion. BBB scores 
categorize various possible locomotor 
combinations which are used as markers for SCI 
measurement such as, movement of hindlimb, 
joint movement, supporting body weight, trunk 
posture and stability, walking steps, placement of 
paws, clearance of toes while walking and tail 
position. The activity of animal hindlimb was 
analysed after every 24 h post-surgery, for 72 h. 
The BBB scores from 0 to 7 indicate hind limb 
joints activity, 8 - 14 indicate co-ordination of 
hindlimbs, and 15-21 revealed improvement of 
paw activities during locomotion. The 
observations were carried out by two individuals 
with sound technical knowledge about the study 
but were completely unknown about the animal 
groups. The values obtained were recorded as 
mean ± SD. 

Wet: dry spinal cord weight index 
 
Water content in the spinal cord was determined 
according to the method reported earlier [18]. 
The weight of the spinal cord was recorded as 
soon as it was removed (WW), and the 
respective spinal cords were subjected to drying 
at 110 oC for 24 h in a hot air oven and weighed 
again to record dry weight (DW).  
 
Western blot 
 
A mixture of 20 mM Tris hydrochloride (pH 7.6), 
sodium dodecyl sulfate (0.2%), aprotinin (0.11 
IU/mL) Triton X-100 (1 %), deoxycholate (1 %) 
and phenyl methyl sulfonyl fluoride (1mM) 
(Sigma-Aldrich Inc., St. Louis, USA) was used for 
breakdown of  cryopreserved spinal cord 
segment. The resulting homogenate was 
subjected to cooling centrifuge at 14000 × g for 
15 min. The lysate collected was subjected to 
protein estimation using Bradford method by 
assay kit (Kangcheng Biotech., China). The 
samples were subjected to electrophoretic 
separation using SDS-PAGE on a polyvinylidene 
difluoride membrane (Bio-Rad Laboratories, CA, 
USA). The membrane was pre-blocked with in 
skimmed milk (5 %) for 2 h at 22oC and was then 
incubated for 12 h at 4oC with primary antibodies 
targeted against TLR4 protein (Santa Cruz 
Biotech., CA, USA) in physiological buffer saline 
solution containing Tween 20 (1:3000), and the 
control employed was solution of glyceraldehyde 
3-phosphate dehydrogenase (GAPDH) in 
physiological buffer saline solution containing 
tween (1:10000). The membrane was washed for 
3-4 times and exposed for one hour to 
corresponding diluted horseradish peroxidase 
antibody solution (1:5000). The resulting protein 
bands were developed using reagents available 
commercially (Amersham, IL, USA). The specific 
protein detected were exposed to X-ray films, 
which were further scanned using Epson 
perfection scanner (Model 2480+) (Seiko 
Corporation, Japan). GlykoBandscan software 
was used for detection of density and the 
expression of TLR4 protein was quantified by 
normalizing to GAPDH. 
 
Determination of NF-ĸB expression 
 
The protein extraction and quantification were 
done as reported earlier. EMSA was performed 
using commercially available kit (Gel Shift Assay 
System, Thermo Fischer Scientific, USA) and 
subsequently subjected to laboratory methods. A 
consensus oligonucleotide base for NF-ĸB (5’-
AGT TGA GGG GAC TTT CCC AGG-3’) was 
tagged with ATP-[Ɣ-32P] and T4 polynucleotide 
kinase. EMSA study was conducted according to 
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the procedure reported elsewhere [19]. 
Computer aided densitometric analysis was 
conducted to quantify the NF-ĸB expression. 
 
Evaluation of biochemical parameters of 
oxidative stress 
 
Spinal tissues collected from individual study 
groups were subjected to homogenization (100 
g/L) in physiological buffer saline, and 
cryocentrifuged at -10oC for 15 min at 4000 rpm 
followed by preservation at -15 oC. Commercially 
available kits for the estimation of superoxide 
dismutase (SOD), end-product of lipid 
peroxidation, malondialdehyde (MD), catalyse 
(CAT) and glutathione peroxidase (GSH) were 
procured (Jiancheng Institute of Biology, Nanjing, 
China) and procedures for quantification were 
performed as indicated in the respective user 
manuals. 
 
Determination of inflammatory cytokines 
 
ELISA kits were procured from commercial 
suppliers and were used for the detection of 
spinal cord levels of TNF-α, IL-1β and IL-6, 
following the procedure indicated in the 
instruction manual provided with the kit (Diaclone 
Research, France and Biosource, Belgium). The 
levels of these inflammatory mediators was 
indicated as pg/mg protein.  
 
TUNEL study 
 
The spinal cord tissues fixed in paraffin blocks 
were sliced using a microtome, resulting sections 
of 4 µm thickness. Detection of cell deaths, in 
situ, was done as per the manufacturer’s 
instructions provided along with the POD kit 
(ISCDD, Boehringer Mannheim, Germany). 
Sections were stained and visualized using a 
microscope by pathologists which were blind the 
study specimens. TUNEL positive cells were 
visualized as dark brown in colour owing to 
staining of nuclear membrane and nucleus, were 
counted [20]. The apoptotic index was calculated 
as the percentage of TUNEL positive cells in a 
section of 5 randomly selected areas of the 
specimens, that were visualized at a 
magnification of 400x using Olympus optic 
microscope (CH30, Japan).  
 

Statistical analysis 
 
The data collected were subjected to statistical 
treatment using SPSS 15.0 (SPSS Inc, Chicago, 
USA), and are expressed as mean ± standard 
deviation (SD). Sample groups were compared 
using independent t-test and one-way ANOVA. 
Statistical significance was set at p < 0.05. 
 
RESULTS 
 
Revival of neural functionality 
 
In the present investigation, the animal model 
used was Sprague Dawley rat induced with SCI. 
The rats revealed persistent changes in the 
neurological functionality. Evaluation of the 
neural functionality showed mitigation of 
symptoms of SCI in the animals that received 
THP. As shown in Table 1, the BBB score 
baseline, that is, immediately after surgery was 
0, which reflected successful development of the 
SCI model in the experimental rats. Group I 
(sham-operated group) had normal values of 
BBB scores at 24 h (20.72 ± 0.86), 48 h (19.84 ± 
0.32) and 72 h (20.12 ± 0.71).  
 
In group II animals (SCI without THP treatment), 
there was statistically significant reduction in 
BBB score (almost 10-fold; p < 0.01). Group II 
rats had BBB scores of 2.92 ± 0.0.34 after 24 h, 
3.49 ± 0.28 after 48 h, and 4.19 ± 0.41 after 72 h. 
In group III SCI rats treated with THP (100 
mg/kg), there were statistically significant 
increases in BBB scores at the three time points: 
8.16 ± 0.45, 8.48 ± 0.39 and 8.89 ± 0.47 after 24, 
48 and 72 h, respectively (p < 0.01). Thus, there 
was improvement in the neural and locomotor 
functionality due to improved BBB scores after 
administration of THP, which indicate that THP 
plays a role in functional recovery from traumatic 
SCI in the rat model. 
 
Spinal cord water content 
 
The spinal cord water content of the 
experimental animals was determined by 
calculating the wet: dry spinal cord weight index. 
The water content of the spinal cord of group I 
rats was significantly lower (p < 0.01) than that of 
group II animals (SCI rats).  
 

     Table 1: BBB scores in the rats after 24, 48 and 72 h 
 

Group 24 h 48 h 72 h 
Normal control 20.78 ± 0.86 19.84 ± 0.32 20.12 ± 0.71 
SCI 2.92 ± 0.34** 3.49 ± 0.28** 4.19 ± 0.41** 
SCI + THP 8.16 ± 0.45* 8.48 ± 0.39* 8.89 ± 0.47* 

P < 0.01, compared to group I; p < 0.05, compared to group II (n = 12) 
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In group III rats (SCI + THP), the spinal cord 
water content was significantly lower than that of 
group II (p < 0.01). These results are shown in 
Figure 1. 
 

 
 
Figure 1: Water content in the spinal cord of group I 
(sham or normal control group), group II (SCI) and 
group III (SCI + THP) rats, based on wet: dry index (n 
= 12). THP treatment in group II rats significantly 
reduced SCI-induced oedema in spinal cord; **p < 
0.01, compared to sham (normal control) group; ## p < 
0.01 compared to SCI group 
 
Expression of TLR4 in the spinal cord 
 
Western blot technique was used for estimation 
of TLR4 expression. Group I (sham group) rats 
had the lowest TLR4 protein expression, 
whereas group II rats (SCI without THP) had 
significant upregulation of TLR4 protein 
expression after 72 h. However, administration of 
THP in group III rats produced significant 
downregulation of the TLR4 expression after 72 
h, relative to group II (SCI) rats (Figure 3). 
 

 
 

 
 
Figure 3: TLR4 expression in the spinal cord, based 
on TLR4: GAPDH mRNA ratio in group I (sham), 
group II (SCI) and group III (SCI+THP). 3A: Western 
blot images indicating reduced expression of TLR4 
activity in spinal cord of group I (sham), when 
compared to that of group II (SCI). In spinal cord of 
group III (SCI + THP) animals, there was a significant 
reduction in TLR4 expression, as indicated in Figure 
3B. THP administration in SCI rats significantly 
lowered the TLR4 expression, relative to untreated 
SCI rats. **p < 0.01, compared to sham group; ##p < 
0.01 compared to the SCI group 

NF-ĸB expression 
 
For determination of NF-ĸB expression, EMSA 
technique was used. The binding capacity of the 
NF-ĸB DNA in group I rats (sham) was the least 
amongst the rat groups. Rats in group II (SCI 
without THP) produced maximum NF-ĸB DNA-
binding capacity after 72 h. There was significant 
reduction in NF-ĸB DNA binding capacity in 
group III rats (SCI + THP), when compared with 
group I rats animals (p < 0.01; Figure 4). These 
results confirm the downregulation of NF-ĸB 
expression after administration of THP in SCI 
rats. 
 

 
 
Figure 4: NF-ĸB DNA binding activity in spinal cord of 
group I (normal control or sham group), group II (SCI) 
and group III (SCI + THP). EMSA autoradiography of 
NF-KB DNA binding in sham group was low, but after 
SCI induction, the NF-KB increased. However, 
treatment of the SCI rats with THP significantly 
reduced the NF-KB binding activity; **p < 0.01, 
compared to normal control (sham) group; ##p < 0.01 
compared to the SCI group (n = 12) 
 
Oxidative stress mediators 
 
The levels of SOD and CAT, and GSH were 
significantly reduced in group II rats (SCI group), 
when compared to group I rats (sham). However, 
SOD and CAT levels, and GSH expression were 
significantly elevated in the THP-treated SCI rats 
(group III), when compared to the SCI group 
(group II). Malondialdehyde (MDA) level was 
elevated in group II (SCI) rats, whereas it was 
significantly decreased by THP treatment group 
III rats (SCI + THP), relative to group II rats 
(SCI). These results are presented in Figure 5. 
 
Anti-inflammatory effects of THP 
 
The levels of TNF-α, IL-1β and IL-6 in the spinal 
cord tissue were determined using ELISA kits. 
Results revealed that induction of SCI in rats 
significantly increased the levels of TNF-α, IL-1β 
and IL-6 in the spinal cord of the rats. However, 
in SCI rats treated with THP, the levels of TNF-α, 
IL-1β and IL-6 were significantly reduced, when 
compared to the untreated group of SCI rats 
(group II) (Figure 6). 
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Figure 5: Effect of THP on the spinal cord MDA 
content of SCI rats. A: MDA content was significantly 
increased in SCI group, relative to normal control 
(sham) group, whereas THP treatment significantly 
reduced the MDA levels. B: Catalase expression was 
higher in normal control (sham) group, whereas it was 
reduced in SCI group. Treatment of SCI rats with THP 
significantly enhanced catalase activity. C: SOD 
activity in normal control (sham) group was higher 
than that in SCI group, whereas it got normalised after 
THP administration. D: GSH level in the SCI group 
was significantly reduced, when compared to normal 

control (sham) group, but it was subsequently 
increased by THP administration in group III rats; **p < 
0.01, compared to normal control (sham) group; ##p < 
0.01 compared to the SCI group; n = 12 
 

 
 
Figure 6: Effect of THP on the levels of inflammatory 
cytokines in the spinal cord of SCI rats. There were 
significant elevations in the levels of IL-6, TNF-α and 
IL-1β in the injured spinal cord of group II, when 
compared to normal control (sham) group. In contrast, 
administration of THP significantly attenuated the 
cytokine levels in group III rats. **p < 0.01, compared 
to normal control (sham) group; ##p < 0.01 versus SCI 
group 
 
Anti-apoptotic effect of THP 
 
Spinal cord slides of rats in group I (sham), on 
microscopic examination, clearly showed 
absence of apoptotic cells. The cells had intact 
nuclear and mitochondrial membranes, well 
distributed chromatin granules and normal 
endoplasmic reticulum. In contrast, extensive 
cellular abnormalities such as shrinkage in 
neuronal size, broken and irregular borders of 
mitochondria, and swelling of endoplasmic 
reticulum were seen in the microscopic 
specimens of group II (untreated SCI) rats. 
Ultrastructure visualization of specimen from rats 
representing group III (SCI + THP) indicated 
comparatively clearer image with nearly intact 
nuclear membranes, and uniform appearance of 
chromatin, coupled with integrity of mitochondria 
and endoplasmic reticulum. These results are 
shown in Figures 7 A, B and C. 
 
TUNEL staining provides an insight into DNA 
damage in cells. The appearance of brown spots 
indicates TUNEL-positive cells. Group I (normal 
control) rats had bluish appearance and no 
brown coloration, indicating absence of TUNEL-
positive cells. In contrast, there was a large 
number of brown spots in rat specimens from 
group II (SCI rats), signifying high apoptotic 
effect due to SCI. However, THP treatment led to 
a significant reduction in the number of TUNEL-
positive cells (Figure 7 D). These results indicate 
the neuroprotective role of THP in SCI rat model. 
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Figure 7: TUNEL immunohistochemistry micropho-
tographs of spinal cord tissue of animals from (A) 
sham, (B) SCI and (C) SCI + THP group. A: normal 
control (sham) group rats showing minimal TUNEL-
positive cells. B: SCI rat spinal cord showing a large 
population of TUNEL-positive cells. C: SCI+ THP rat 
spinal cord showing significantly less TUNEL-positive 
cells than SCI. D: THP treatment markedly reduced 
the apoptotic index in the spinal cord of SCI rats; **p < 
0.01, compared to normal control (sham) group, ##p < 
0.01 compared to SCI group (n = 12) 
 
DISCUSSION 
 
Damage due to SCI produces effects such as 
oedema, disturbed microcirculation, localized 
ischemia, lipid peroxidation and eventually 
apoptosis. These complications limit the 
effectiveness of currently available SCI 
therapies. Damage to the spinal cord is 
irreversible. However, several deleterious 
processes occurring at the cellular and molecular 
levels can be reversed or modified. For example, 
treatment strategies may correct SCI-associated 
neuropathological damage, thereby resulting in 
recovery of the structural and functional integrity 
of neurons. Traditionally, Corydalis tubers have 
been used in Korean medicine for the treatment 
of disorders such as rheumatism, memory 
dysfunction, cardiac arrhythmia, and ulcers of 
gastrointestinal tract. The prominent alkaloids in 
these plants comprise corydaline, corptisine, 
protopine, tetrahydropalmatine and berberine. 
Tetrahydropalmatine (THP) has been associated 
with several therapeutic interventions. Studies 
have revealed that it exerts cardio-protective, 
anti-apoptotic, antioxidant, anti-inflammatory, 
analgesic, neuroprotective and sedative effects 
[21]. The inflammatory condition produced by 
Japanese encephalitis virus infection has also 
been treated successfully with THP. 
 
In the present investigation, traumatic SCI was 
induced in experimental rats as reported earlier. 

The BBB scores were significantly reduced in 
SCI rats, relative to sham-treated rats.  Oedema 
was assessed by measuring the wet weight and 
dry weight of the spinal cord. The wet weight of 
the spinal cord was significantly reduced in rats 
that received THP treatment (100 mg/kg). This 
indicates that THP reduces the oedema formed 
due to induction of SCI in the rat. 
 
One of the natural protective mechanisms is 
oxidative stress actively involved in cell-to-cell 
signalling, cell production and cell death. Due to 
SCI, there is accumulation of Ca2+ in the cells, 
which is known to induce loss of mitochondrial 
functionality, leading subsequently to death of 
nerve cells. Neuronal damage is attributed to 
entry of Ca2+ into the mitochondria, a process 
which subsequently inhibits ATP synthesis. In the 
present study, THP significantly decreased MDA 
concentration, enhanced the activities of SOD 
and CAT, and augmented GSH levels in SCI 
rats, when compared to untreated SCI rats. 
These results indicate the anti-oxidative effect of 
THP in the treatment of SCI in the rat. During 
SCI, several pathophysiological changes occur, 
including primary mechanical tissue damage, 
and these may progress to more critical 
secondary damage in the patient.  
 
The secondary damage is more complex and 
results in severe inflammation. Within the cells, 
toll-like receptors modulate the signalling 
pathways that activate NF-kB and Jun-terminal 
kinases (JNK) [22]. Under the acute condition of 
SCI, neural and vascular endothelial cells may 
release NF-ĸB, which in turn triggers a cascade 
of immune activation and expression of several 
other inflammatory mediators. Reduction in the 
expression of NF-ĸB at the early stages may 
lower the intensity of subsequent inflammatory 
effects during SCI. One of the inflammatory 
mediators, TNF-α has various in vivo biological 
responses, including immunomodulation and 
inflammatory responses [23]. After traumatic SCI 
episode, macrophages, neurons, endothelial and 
glial cells are known to produce NF-ĸB which 
further modulate transcriptional RNA for 
upregulation of NF-ĸB and TNF-α. In the present 
study, the higher levels of TNF-α seen in the SCI 
group is an indication of increased activation of 
NF-ĸB. Apart from TNF-α, elevated levels of IL-
1β and IL-6 are indicative of SCI event [25,26]. In 
the investigation reported herewith, there was 
significant elevation in the levels of inflammatory 
mediators in the rats traumatized with SCI. 
Moreover, there were significant reductions in the 
expressions of TNF-α, IL-1β and IL-6 in SCI rats 
treated with THP, when compared to the 
untreated SCI rats. Results from TUNEL assay 
indicated strong neuroprotective effect of THP in 
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SCI rats. The SCI trauma caused a significant 
increase in the number of TUNEL-positive cells, 
as indicated by brown coloration in the visualized 
specimens. In contrast, marked reduction in the 
number of TUNEL-positive cells was observed in 
specimens from SCI rats treated with THP. 
 
CONCLUSION 
 
Tetrahydropalmatine induces therapeutic effects 
in a rat model of SCI. It exerts neuroprotective, 
anti-inflammatory and anti-oxidant effects in the 
spinal cord tissues of SCI rats. Thus, THP has 
promising potentials for the treatment of SCI. 
However, further investigations at the clinical 
level are required on the neuroprotective effects 
of THP against SCI. 
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