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ABSTRACT

Introduction: In this study we evaluated the connivance of oxidative and anti-oxidative parameters in the pathogenesis 
of Spinal Cord Injury (SCI). Although the etiology and pathogenesis of SCI remain to be fully understood, it 
has been suggested that Reactive Oxygen Species (ROS) and oxidative stress may play a significant role in the 
pathophysiology of SCI. Furthermore, there is little information available in scientific literature about oxidative and 
anti-oxidative parameters in SCI patients. 

Methods: Oxidative stress was determined by measuring the levels of Lipid Peroxides (LPO) and Protein carbonyl 
in plasma and anti-oxidative parameters like Glutathione Reductase (GR), catalase and Glutathione Peroxidase 
(GPx) in lysate in 40 SCI patients and 40 healthy subjects without SCI. However, pain was measured by McGill pain 
questionnaire. 

Results: Concentrations of catalase (p<0.01), GR (p<0.01) and GPx (p<0.01) were significantly lower in patients 
with SCI than in controls, and levels of oxidative stress parameters, LPO (p<0.01), Protein carbonyl (p<0.01) were 
significantly higher in patients than in controls. A significant positive correlation was found between LPO and pain 
score among SCI patients group. Furthermore, a significant positive correlation was also found between Protein 
carbonyl and pain score among SCI patients group than in control group. 

Conclusion: The present results indicate that SCI patients are exposed to oxidative stress and this escalated oxidative 
stress may play a role in the etiopathogenesis of the disease. Moreover, our results also show that increased oxidative 
stress parameters are more strongly amalgamated with pain in SCI patients.n.
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INTRODUCTION

Spinal Cord Injury (SCI) is one of the most severe traumatic injuries 
that results in dysfunction of limbs and trunk, below the damaged 
section causing myelopathy or damage to nerve roots or myelinated 
fiber tracts that carry signals to and from the brain. SCI leads to 
postoperative complications, including spinal cord edema and 
cell death in the injured areas, and even permanent disability and 
eventually death [1]. Due to the recent progress in several advanced 
techniques, including tissue transplantation, immunotherapy and 
other advanced reconstruction methods, the treatment of SCI has 
not been yet substantially developed. Signs (observed by a clinician) 

and symptoms (experienced by a patient) vary depending on where 
the spine is injured and the extent of the injury. Furthermore, SCI 
prevalence is not known in India and in many other countries. 
According to known data, about 450,000 people in the United 
States live with SCI (one in 670), and there are about 11,000 new 
SCI every year (one in 30,000). A section of skin that is innervated 
through a specific part of the spine is called as dermatome, and 
injury to that part of the spine can cause pain, numbness, or a loss 
of sensation in the related areas. Paraesthesia, a tingling or burning 
sensation in affected areas of the skin, is another symptom of SCI.

However, the severe damage induced by SCI significantly impairs 
the quality of life of SCI patients. SCI includes acute and secondary 
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injuries. The acute SCI could result in a bruise, a partial tear, or 
a complete tear in the spinal cord [2]. The primary SCI could 
degrade key cytoskeletal and activate functional proteins, leading 
to delayed death of local and adjacent neurons and glial cells [3]. 
Primary injury is considered to be irreversible mechanical damage 
[4]. In contrast, the secondary injury is reversible which could 
be altered by potential interventions [5]. Secondary lesions in 
severe SCI are mainly due to the inflammatory cascade activation 
and overproduction of free radicals [6]. A complex cascade of 
pathophysiologic events related to free radicals, and altered 
blood flow accounts for clinical deterioration and poor overall 
outcome [7,8]. Therefore, large amount of studies have focused 
on the understanding of the mechanism of SCI-related secondary 
injury and developing more efficient therapeutic options that 
can ameliorate and even reverse secondary damage of SCI, as 
inflammatory responses due to oxidative stress are the crucial 
process of secondary injury. ROS are produced in the lipophilic 
environment of mitochondrial membranes and that antioxidants 
deficiency may be involved in oxidative stress in SCI [9,10]. It is 
well known that hypoxia may result in both ROS production and 
decrease antioxidant vitamin levels in different inflammatory 
diseases [11,12]. 

Significant association has been observed between protective effect 
of antioxidants in spinal cord injury patients [13,14]. However, 
there is little information about oxidative stress in SCI patients. 
Moreover, there are several disorders that are associated with 
oxidative stress manifested by protein oxidation, LP and other 
markers. Although the etiology and pathogenesis of spinal cord 
injury remain to be fully understood, it has been suggested that 
reactive oxygen species and oxidative stress have a significant role 
in the pathophysiology of spinal cord injury. Researchers have 
shown evidence that oxidative stress might play a central role in 
the pathophysiology of SCI. Furthermore, attempts have not been 
made on establishing the role of oxidative, antioxidative parameters 
in SCI patients which is crucial for understanding the significance 
of inflammation in the development of SCI. Therefore, the present 
study aim to investigate the oxidative parameters and antioxidative 
parameters contents in patients suffering from SCI. 

MATERIALS AND METHODS

The study group comprised of 40 SCI patients and 40 ages matched 
healthy controls without SCI, who were non-alcoholic, non-
smokers, non-diabetic without any kind of cardiac, respiratory and 
endocrinal disease, 1 weeks post injury participants were recruited. 
All the patients were in their acute injury phases. Patients of SCI 
were recruited from the spinal unit in the department of Physical 
Medicine and Rehabilitation (PMR), consultant incharge recruited 
the patients, at the King George’s Medical University, Lucknow, 
India. Besides the neurological damage to their spinal cords, each 
subject was physically and mentally healthy, as determined by 
history and physical examination, psychological questionnaires and 
interview with a psychologist, electrocardiogram, blood and urine 
chemistries, and chest radiographs. In no case was brain damage or 
extended loss of consciousness associated with the SCI was found. 

All subjects were drug free at the time of study, including 
prescription, nonprescription, and over the counter medications, 
as well as caffeine, nicotine, and alcohol, as confirmed by urine 
toxicology on the first day of the inpatient study. During the 

week before the study, subjects maintained a regular sleep/wake 
schedule, as confirmed by patients self-report. These SCI subjects 
were otherwise healthy as established by medical history and 
physical and psychological examination. Furthermore, all subjects 
were male, control subjects were recruited from relatives of the 
patients and other normal persons of Lucknow. 

Institutional ethics committee

Institutional Ethics Committee of King Georges Medical University 
approved the study, in Nov. 2016 (kgmu/16/12/0129). Before 
enrolling in the study, written informed consent was obtained 
from both the subject groups using documents approved by the 
Institutional Ethics Committee and all applicable institutional and 
governmental regulations concerning the ethical use of human 
volunteers were followed during this study. All data was coded to 
remove any identifiable information.

Four ml of intravenous blood was collected from both the group 
of patients and controls. All the subjects completed a structured 
questionnaire, which assessed the biographical information, 
medical, personal and family history. Pain was assessed by McGill 
pain questionnaire [15].

Oxidative and antioxidative parameters

Oxidative parameters were determined by measuring the levels 
of Lipid Peroxides (LPO) by the method given by Ohkawa, et al. 
and Protein carbonyl group was measured by the method given 
by Levine and Williams, 1994 in plasma whereas antioxidative 
parameters were determined by measuring the levels of Catalase 
measured by the method illustrated by Aebi 1974, whereas GPx was 
measured by the method of Pagila and Valentine; 1967 and GR was 
measured by the method of Hazelton and Lang; 1995 in lysate in 
40 patients and in equal number of healthy controls. 

Statistical analysis

Statistical analysis was done using SPSS statistical software (16.0 
versions). Quantitative variables of SCI patients and controls were 
presented as the mean ± standard deviation, and are compared 
by independent t-test. Pearson correlation was done to find the 
pattern of associations between the groups. A value of p<0.05 was 
considered statistically significant and p<0.01 is considered highly 
significant.

RESULTS 

Oxidative parameters

A significantly higher level of LPO (p<0.01), and protein carbonyl 
group (p<0.01), (Table 1) were found among patients group than 
in control group. Pain score was significantly higher in patients 
than in control group (data not shown). A significant positive 
correlation was found between LPO and pain score among SCI 
patients group. Furthermore, a significant positive correlation was 
also found between Protein carbonyl group and pain score among 
SCI patients group than in control group (Table 2). 

Antioxidative parameters

A significantly lower levels of catalase (p<0.01), GR (p<0.01) and 
GPx (p<0.01) (Table 3) were found among patients group than in 
control group.
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DISCUSSION

The present results indicate that SCI patients were under 
oxidative stress demonstrated with increased levels of LPO and 
protein carbonyl whereas decrease levels of catalase, GR and GPx 
among patients group than in control group. Our findings are 
in concurrence with report of Vaishnav, et al. [16] who reported 
significantly increased lipid peroxide in SCI patients compared 
to controls. Furthermore, another study reported by Liao, et al. 
[17] showed that lipid peroxide levels were higher and superoxide 
dismutase levels were lower in patients with traumatic injury to 
spinal cord, and an imbalance existed in oxidant and antioxidant 
levels in SCI patients. The cause of the imbalance between oxidant 
and antioxidant levels in SCI is still unknown. 

Moreover, large numbers of studies have shown high levels of 
oxidative stress markers, such as LPO levels, in SCI patients, 
suggesting that this process may have a role in the pathophysiology 
of this disease [18,19]. Additionally, we have also shown the 
relation between oxidative stress and SCI. Efforts to explain the 
pathogenesis of SCI and other chronic pain conditions by oxidative 
stress mechanisms are not new. Visavadiya, et al. [20] results 
indicated that by 24 h post-injury, ROS-induced protein oxidation 
is more prominent compared to lipid oxidation, indicating a critical 
temporal distinction in secondary pathophysiology that is critical 
in designing therapeutic approaches to mitigate consequences of 

oxidative stress in SCI; Xiong, et al. [21] reported Peroxynitrite 
(PON, ONOO(-)), formed by nitric oxide synthase-generated Nitric 
Oxide radical (NO) and superoxide radical (O

2
(-)), is a crucial 

marker in post-traumatic oxidative damage and also if any improved 
antioxidant neuroprotective treatment is given to these patients it 
will improve their post-traumatic oxidative damage in the injured 
spinal cord patients. 

Another study by Bastani, et al. pointed out that the levels of 
antioxidants were significantly lower in SCI patients, while 
the marker of oxidative stress was higher in the SCI subjects 
compared with the controls [22]. This observation demonstrates 
that SCI patients experience increased oxidative stress and 
reduced antioxidant defense the first year after injury. Signs of 
oxidative stress in SCI include high levels of oxidative damage to 
DNA in patients with SCI. Reduced oxidative metabolism and 
mitochondrial abnormalities in SCI also support a mitochondrial 
defect as a contributor [23]. 

ROS are formed in mitochondria when energy metabolism 
is compromised, and are inactivated by the ROS scavengers, 
superoxide dismutase, catalase, and glutathione. ROS can impair 
the function of several cellular components including proteins, 
nucleic acids, and lipids. Moreover, since mitochondria supply 
energy to the cell thorough oxidative phosphorylation, the lower 
level of ATP that results from a low mitochondrial activity may 
explain the low exercise capacity and fatigue reported in patients 
with SCI [24]. Free radicals and other damaging reactive oxygen 
species are produced in oxidative metabolic and physiological 
processes; their activity is also thought to increase in patients with 
SCI. Although the etiology of SCI is unknown, symptoms like 
pain may be associated with an imbalance between oxidant and 
antioxidant status. 

It is known that LPO, as a consequence of oxidative stress, indirectly 
reflects intracellular ROS generation, and ROS are known to be 
implicated in the etiology of pain, by inducing peripheral and 
central hyperalgesia [25]. Therefore, for this reason we thought 
that oxidative stress might affect the severity of SCI by increasing 
pain. And we investigated this issue and found a significant positive 
correlation between LPO and in severity of pain among patients 
group. Furthermore, a significant positive correlation was also 
found between Protein carbonyl group and pain in SCI patients 
group than in control group.

CONCLUSION

In conclusion our study suggests an oxidant and antioxidant 
imbalance in SCI patients. The increase in oxidant levels and 
decrease in antioxidant levels show that SCI is related to free 
radical-mediated disorders. Accordingly, SCI patients are exposed 
to oxidative stress and this increased oxidative stress may play a role 
in the etiopathogenesis of SCI. Moreover, our results also show that 
increased oxidative stress parameters are more strongly associated 
with severity of SCI. In light of previous studies, ours study 
supports the hypothesis that SCI is strongly linked to increased 
oxidative stress. Therefore, patients with SCI are oxidatively 
stressed according to change of LPO and protein carbonyl. These 
results are consistent with the underlying hypothesis that there is an 
imbalance between ROS production and the antioxidant defense 
system in SCI patients.

Oxidative stress 
parameters

SCI patients n=40 
Mean ±SD 

Control n=40 
Mean ± SD 

p-value

Lipid Peroxides (LPO) 4.8 ± 0.8 2.9 ± 0.4 <0.01

Protein carbonyl 2.8 ± 0.7 1.7 ± 0.4 <0.01

Table 1: Oxidative stress parameters among study and control group.

Oxidative and antioxidative 
parameters

Groups
Age Pain

r r

 
 LPO

SCI patients -0.033 -.393*

Controls 0.021 -0.161

 
Protein carbonyl

SCI patients -0.042 -.473*

Controls 0.034 0.171

 
Catalase

SCI patients -0.161 -0.199

Controls 0.193 0.107

 
GPx

SCI patients 0.051 -0.185

Controls 0.075 -0.124

GR
SCI patients 0.072 0.178

Controls 0.091 -0.101

Note: r=Simple regression, *p<0.05 (significant)

Table 2: Pearson correlation analysis in between oxidative stress parameters, 
antioxidative parameters and age and pain.

Antioxidative 
parameters

SCI patients n=40 
Mean ± SD 

Control n=40 
Mean ± SD 

p-value

Catalase 39.0 ± 10.4 51.5 ± 11.9 <0.01

Glutathione 
Peroxidase (GPx) 

30.4 ± 9.7 64.7 ± 10.8 <0.01

Glutathione 
Reductase (GR)

28.4 ± 6.2 48.8 ± 8.4 <0.01

Table 3: Antioxidative parameters among study and control group.
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