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Effects of α‑tocopherol and ascorbic acid in the 
severity and management of traumatic brain injury 
in albino rats

Introduction

Head injury is a trauma to the head that may or may not 
include injury to the brain. Road traffic accidents (RTAs) 
constitute a considerable concern to the general public 
and may be a major cause of traumatic head injury 
in Nigeria. Mortality rate from RTAs in Nigeria is 
higher than those of both the industrialized and other 
developing countries[1] probably due to the poor road 
network. Head injury is a major cause of morbidity in 
survivors and a major cause of traumatic brain injury.[2] 
Traumatic brain injury (TBI) is the leading cause of death 

and severe disability in people under 45 years of age 
in Western industrialized countries[3] affecting the 
young and adults in the most productive years of their 
lives.[4] Although TBI is a problem of major medical 
and socioeconomic significance, its pathogenesis is not 
well understood[5] and is often difficult to manage that 
may lead to primary and secondary lesions of varying 
severity.[6] The immune system response to damage 
done by the closed head injury as a result of free radicals 
produced neutrophils to remove the damaged tissue. The 
cells of the immune system such as T‑cells, B‑cells, and 
macrophages have membranes that are particularly rich 
in long‑chain unsaturated fatty acids, thus making them 
more vulnerable to free radicals oxidation initiated by 
the closed head injury than other cells. The brain itself 
is rich in unsaturated fatty acids and consumes large 
amounts of oxygen that may generate excess free radicals 
which could overwhelm the antioxidant defense systems 
that can exacerbate the brain injury. The antioxidants 
vitamin E and vitamin C protect the brain from oxidative 
stress by directly scavenging the free radicals. Increased 
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ABSTRACT

Background: Traumatic brain injury (TBI) is accompanied by substantial accumulation of biomarkers of oxidative 
stress and depletion of antioxidants reserve which initiate chain reactions that damage brain cells. The present study 
investigated the role of ascorbic acid and α-tocopherol on the severity and management of TBI in rats.

Materials and Methods: Wistar rats were subjected to closed head injury using an accelerated impact device. Rats 
were administered 45 mg/kg and 60 mg/kg body weight of ascorbic acid, α-tocopherol or a combination of the two 
vitamins for 2 weeks pre- and post injury. Blood and brain tissue homogenates were analyzed for vitamin C, vitamin 
E, malondialdehyde, superoxide dismutase, and creatine kinase activities. 

Results: The results indicated that TBI caused significant (P < 0.05) decreased in vitamins C and E levels in the blood 
and brain tissue of TBI-untreated rats. The activities of superoxide dismutase in TBI rats were markedly reduced 
when compared with non traumatized control and showed a tendency to increased following supplementation with 
vitamins C and E. Supplementation of the vitamins significantly (P < 0.05) reduced malondialdehyde in the treatment 
groups compared with the TBI-untreated group. 

Conclusion: The study indicated that pre and post treatment with ascorbic acid and α-tocopherol reduced oxidative 
stress induced by brain injury and effectively reduced mortality rate in rats.

Key words: Antioxidant, oxidative stress, supplementation, traumatic brain injury

Original  Article

Access this article online
Quick Response Code:

Website: 
www.ruralneuropractice.com

DOI:  
10.4103/0976‑3147.118784



Ishaq, et al.: Antioxidants in traumatic brain injury

Journal of Neurosciences in Rural Practice  | July - September 2013 | Vol 4 | Issue 3 293

intake of vitamins C and E may positively influence the 
healing processes by maintaining the immune system, 
lymphocytes proliferation and decrease production of 
immunosuppressive prostaglandin E2, and suppressing 
neuroinflammatory processes.[7] Decreased levels of 
antioxidants or inhibition of the antioxidant enzymes 
cause oxidative stress that may damage cells.[8] The 
current work was designed to study the effect of 
α‑tocopherol and ascorbic acid on the severity and 
management of traumatized brain injury in albino rats.

Materials and Methods

Chemicals
Analytical graded chemicals were used for the study.

Vitamins
Ascorbic acid (vitamin C) was obtained from PAL 
Pharmaceutical industries Ltd., Kano, Nigeria, while 
α‑ tocopherol (vitamin E) was obtained from Pharco 
Pharmaceuticals, Bolkely Alexandria, Egypt.

Head trauma model and management
The experimental protocol was approved by the Ethical 
and Animal Care and Usage Committee of the Usmanu 
Danfodiyo University, Sokoto Nigeria. Seventy‑two (72) 
apparently healthy albino rats of Wistar strain, weighing 
between 170 and 200 g, were randomly divided into eight 
groups of nine rats per group.
Group A: Non‑TBI‑untreated group,
Group B: TBI untreated,
Group C: TBI treated with 45 mg/kg of vitamin C,
Group D: TBI treated with 45 mg/kg of vitamin E,
Group E:  TBI treated with 45 mg/kg each of vitamins 

C and E,
Group F: TBI treated with 60 mg/kg of vitamin C,
Group G: TBI treated with 60 mg/kg of vitamin E,
Group H:  TBI treated with 60 mg/kg each of vitamins 

C and E.

The vitamins were suspended in 0.9% NaCl and 
administered to the rats for 2 weeks before induction of 
the trauma. The control groups (A and B) received equal 
volumes of the vehicle.[9]

The animals were then anesthetized with 7.5 mg/kg 
propofol intraperitoneally and were incubated and 
ventilated on a Harvard Rodent ventilator. The body 
temperature of the animals was maintained throughout 
with a thermostatically controlled heating pad set at 
37°C. The skull was exposed by midline incision and 
a stainless steel disk measuring 10 mm in diameter 
and 3 mm in depth was cemented centrally along the 

control suture between the lambda and the bregma with 
a polyacrylamide adhesive. The animals were secured 
in the prone position on a 10 cm deep foam bed. Injury 
was induced by dropping 80 g brass weight from a 
distance of 1 m. The stainless steel disk was immediately 
removed from the skull and the animals were weaned off 
the ventilator and recover in the cages.[10] The treatment 
continued for additional period of 2 weeks during which 
the rats were followed up for recovery and survival from 
the trauma.

The animals were then killed by decapitation and 
blood was collected in labeled centrifuge tubes, then 
centrifuged, and serum collected was used for estimation 
of oxidative stress indices. Brain tissues were taken 
from frontal cortex, hippocampus, and cerebellum[11] 
and perfused with normal saline followed by 4% 
para‑formaldehyde. The brain tissue samples were 
homogenized in four volumes of 0.2 M phosphate buffer, 
pH 7.8 and centrifuged for 2 minutes at 1,000 rpm. The 
samples were frozen immediately on dry ice and stored 
at −20°C until required.

Biochemical estimations
Vitamin E
Vitamin E was estimated by the colorimetric method.[12] 
The tocopherols in the sample were oxidized to tocopheryl 
quinine by FeCl3 and Fe2 + and the resultant FeCl2 formed 
a red‑colored complex with α,α‑dipyridyl which was 
estimated at 520 nm using a spectrophotometer.

Vitamin C
Estimation of vitamin C was done by the colorimetric 
method.[13] The ascorbic acid in the samples was oxidized 
to dehydroascorbic acid which in the acid solution reacts 
with 2,4‑dinitrophenylhydrazine to form a corresponding 
hydrazine and after treated with sulfuric acid developed 
an orange red‑colored complex which was measured 
spectrophotometrically at 520 nm. Copper sulfate was 
then added to enhance the ascorbic acid and to prevent 
the effect of interfering compound in 2,4‑dinitrophenyl 
hydrazine. Trichloroacetic acid was added to serum 
and brain tissue homogenate to precipitate the protein 
content to avoid its interference with the process.

Superoxide dismutase activity
Serum superoxide dismutase (SOD) activity was assayed 
by the colorimetric method.[14] Potassium trioxochlorate 
IV and manganese IV oxide reaction was used to generate 
oxygen and flavin adenine dinucleotide accepts an 
electron from oxygen produced to form superoxide 
anion. In the absence of superoxide dismutase, the radical 
reacts with the detector nitroblue tetrazolium salt. In 
the event when SOD is present it competes with the 



Ishaq, et al.: Antioxidants in traumatic brain injury

294 Journal of Neurosciences in Rural Practice | July - September 2013 | Vol 4 | Issue 3

detector for superoxide radicals. FAD reduces oxygen to 
generate superoxide radicals and nitroblue tetrazolium 
salt scavenges the free radicals.

Brain creatine kinase (CK‑BB)
Creatine kinase activity (CK‑BB) was estimated by 
the enzymatic method[15] using a standard enzyme 
kit supplied by AGAPPE Diagnostics. The procedure 
involves measurement of CK‑activity in the presence 
of an antibody to the CK‑B monomer. This antibody 
completely inhibits the activity of CK‑BB and half of 
the activity of CK‑MB without affecting the M subunit 
activity of CK‑MB and CK‑MM. The CK‑BB activity is 
obtained by multiplying the CK‑B by 2.

Malondialdehyde (MDA)
The colorimetric method[16] was adopted for the analysis 
of MDA. Lipid peroxidation generates peroxide 
intermediates which upon cleavage releases MDA, 
a product that reacts with thiobarbituric acid (TBA) 
forming a colored complex, which is measured at 532 nm.

Statistical analysis
Results were expressed as means ± SEM for five 
rats. All data were analyzed by one‑way analysis of 
variance (ANOVA). Dunnett’s test was used for multiple 
comparisons and values were considered statistically 
significant at P < 0.05.

Results

Upon TBI insult the animals initially became aggressive, 
lost control of urination, and then became lethargic and 
ultimately lost control and fainted which lasted for up to 
a quarter of an hour. The animals remained lethargic with 
disheveled hair and shallow and infrequent respiration. 
In the following days, continuous head scratching and 
loss of appetite were observed in TBI‑untreated rats 
which indicated a more severe injury. Improved appetite, 
decreased scratching, increased hair growth, and 
reversed behavioral changes to normal were observed in 
supplemented groups. The improvement in rats’ health 
was found to be dose dependent in which rats treated 
with combined 60 mg/kg of vitamins C and E however 
showed a better health condition and shorter fainting 
time after injury when compared with rats treated with 
combined 45 mg/kg of vitamins C and E.

Percentage survival of TBI rats treated with α‑tocopherol 
and ascorbic acid is presented in Figure 1. The results 
indicated that treatment of traumatized rats with 
vitamins C and E reduced significantly the mortality 
rates of the rats. Increased doses do not appear to confer 
any significant advantage with respect to survival and 

combination of the two vitamins appears to have a 
synergistic effect.

Figure 2 showed that serum vitamin C level 
significantly (P < 0.01) increased in the treatment 
groups compared with the TBI‑untreated group with 
the exception of the group treated with only vitamin C. 
Treatment with 45 mg/kg and 60 mg/kg each of combined 
vitamins C and E respectively significantly (P < 0.05) 
increases the level of vitamin E when compared with 
the TBI‑untreated group while the remaining groups 
showed no significant (P > 0.05) difference.

The effect of α‑tocopherol and ascorbic acid on the brain 
tissue of traumatized rats is presented in Figure 3. The 
results indicated that supplementation with combined 
45 mg/kg of vitamins C and E significantly (P < 0.01) 
increased the tissue vitamin C compared with the 
TBI‑untreated group. The groups treated with combined 
45 mg/kg and 60 mg/kg each of vitamins C and E showed a 
significant (P < 0.01) increase in tissue vitamin E compared 
with the TBI‑untreated group while the group treated 
with 60 mg/kg of vitamin E also showed an increase 
significantly (P < 0.05).

The serum SOD, MDA, and CK‑BB of TBI rats 
are presented in Table 1. The result indicated a 
significant (P < 0.01) decrease in the activity of 
SOD of the traumatized untreated group compared 
with the normal control. Treatment with vitamins 
significantly (P < 0.01) increased the activities of SOD 
compared with the traumatized untreated group. The 
result also indicated a significant (P < 0.01) decrease 

Figure 1: Percentage survival of tramautized brain injury rat treated 
with α‑tocopherol and ascorbic acid
Grp A = Non‑TBI‑untreated group; Grp B = TBI untreated; Grp C = TBI treated with 
45 mg/kg vitamin C; Grp D = TBI treated with 45 mg/kg vitamin E; Grp E = TBI 
treated with 45 mg/kg each of combined vitamins C and E; Grp F = TBI treated 
with 60 mg/kg vitamin C; Grp G = TBI treated with 60 mg/kg vitamin E; Grp H = TBI 
treated with 60 mg/kg each of combined vitamins C and E
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in the activity of CK‑BB in the treatment groups 
compared with the TBI‑untreated group while the 
group treated with 45 mg/kg of vitamin C showed a 
significant (P < 0.05) decrease in the activity. There was 
no significant (P > 0.05) decrease in the activity of the 
group treated with 60 mg/kg of vitamin C.

The level of MDA of the TBI‑untreated group 
increased significantly (P < 0.01) compared with the 
nontraumatized control. Treatment with either 45 mg/
kg or 60 mg/kg of vitamin C had no significant (P > 0.05) 
effect on the level of serum MDA compared with 
the TBI‑untreated control but treatment with 45 mg/

kg (P < 0.05) of vitamin E, 60 mg/kg (P < 0.01) of 
vitamin E and 45 mg/kg and 60 mg/kg (P < 0.01) each 
of combined vitamins C and E respectively significantly 
reduced serum MDA.

The effect of α‑tocopherol and ascorbic acid on brain 
tissue homogenate SOD and MDA levels of traumatized 
rats is presented in Table 2. The result showed that 
treatment with 60 mg/kg of vitamins C and E combined 
significantly (P < 0.01) increased the SOD activity in the 
brain tissue compared with traumatized untreated rats. 
There was no significant (P > 0.05) increase in the activity 
of SOD in the remaining treated groups.

There was a significant (P < 0.05) decrease in the tissue 
MDA of the treatment groups compared with the 
TBI‑untreated group.

Figure 3: Effects of α‑tocopherol and ascorbic acid on brain tissue of 
nonenzymatic antioxidants of traumatized rats
Grp A = Non‑TBI‑untreated group; Grp B = TBI untreated; Grp C = TBI treated 
with 45 mg/kg vitamin  C; Grp D = TBI treated with 45 mg/kg vitamin E; Grp E = 
TBI treated with 45 mg/kg each of combined vitamins C and E; Grp F= TBI 
treated with 60 mg/kg vitamin C; Grp G = TBI treated with 60 mg/kg vitamin E; 
Grp H = TBI treated with 60 mg/kg each of combined vitamins C and E

Table 1: Effects of α‑tocopherol and ascorbic acid on 
serum SOD, MDA and CK‑BB of traumatized rats
Group SOD (U/mg) MDA (µmol/l) CK‑BB (U/l)
A 4.89±0.031 2.7±0.16 53.04±3.13
B 1.25±0.023c 8.86±0.34c 113.06±8.6c

C 1.50±0.016a,c 7.58±0.48c 86.54±6.57c

D 1.36±0.021a,c 7.48±0.27b,c 56.18±7.01a

E 2.07±0.008a,c 6.88±0.43a,c 54.50±7.63a

F 1.49±0.005a,c 7.84±0.22c 90.04±5.31c

G 1.26±0.005c 6.96±0.35a,c 71.96±7.15a

H 2.33±0.030a,c 5.58±0.43a,c 65.12±4.81a

Grp A: Non‑TBI‑untreated group, Grp B: TBI untreated, Grp C: TBI treated with 
45 mg/kg vitamin C, Grp D: TBI treated with 45 mg/kg vitamin E, Grp E: TBI 
treated with 45 mg/kg each of combined vitamins C and E, Grp F: TBI treated 
with 60 mg/kg vitamin C, Grp G: TBI treated with 60 mg/kg vitamin E, Grp H: TBI 
treated with 60 mg/kg each of combined vitamins C and E, SOD: Superoxide 
dismutase, MDA: Malondialdehyde, CK‑BB: Brain creatine kinase, Values are 
expressed as mean±SEM, n=5. aP<0.01 when compared with grp B, bP<0.05 
when compared with grp B, cP<0.01 when compared with grp A by Dunnette’s 
multiple comparison test

Table 2: Effect of α‑tocopherol and ascorbic acid 
on brain tissue homogenate SOD and MDA level of 
traumatized rats
Group SOD (U/mg protein) MDA (mmol/g tissue)
A 0.478±0.029 56.98±3.38
B 0.133±0.020c 96.82±2.72c

C 0.214±0.049c 74.32±2.54a,c

D 0.139±0.018c 80.82±2.01b,c

E 0.200±0.014c 69.00±5.13a

F 0.149±0.009c 83.60±2.73b,c

G 0.124±0.015c 76.00±2.09a,c

H 0.240±0.028b,c 62.46±4.47a

Grp A: Non‑TBI‑untreated group, Grp B: TBI untreated, Grp C: TBI treated with 
45 mg/kg vitamin C, Grp D: TBI treated with 45 mg/kg vitamin E, Grp E: TBI 
treated with 45 mg/kg each of combined vitamins C and E, Grp F: TBI treated 
with 60 mg/kg vitamin C, Grp G: TBI treated with 60 mg/kg vitamin E, Grp H: TBI 
treated with 60 mg/kg each of combined vitamins C and E Values are expressed 
as mean±SEM, n=5, aP<0.01 when compared with grp B, bP<0.05 when compared 
with grp B, cP<0.01 when compared with grp A by Dunnette’s multiple comparison 
test, MDA: Malondialdehyde, SOD: Serum superoxide dismutase

Figure 2: Effects of α‑tocopherol and ascorbic acid on serum levels of 
nonenzymatic antioxidants of traumatized rats
Grp A = Non‑TBI‑untreated group; Grp B = TBI untreated; Grp C = TBI treated with 
45 mg/kg vitamin C; Grp D = TBI treated with 45 mg/kg vitamin E; Grp E = TBI 
treated with 45 mg/kg each of combined vitamins C and E; Grp F = TBI treated 
with 60 mg/kg vitamin C; Grp G = TBI treated with 60 mg/kg vitamin E; Grp H = TBI 
treated with 60 mg/kg each of combined vitamins C and E
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Discussion

Traumatized brain injury is an oxidative related injury 
associated with biological and metabolic alteration which 
generates free radicals from various cellular activities. 
Widespread and bilateral damage of the neurons, axons, 
dendrites, and microvasculature have been shown to 
be associated with TBI. According to ref.[17] TBI induces 
brain edema that begins 20 minutes after injury and 
peaks at 24 hours after trauma. The current study 
indicated high mortality (55%) rate in the untreated 
traumatized group compared with the treatment group 
while treatment with combined vitamins performed 
better in the prevention of mortality.

Report has shown that primary injury was not adequate 
to explain the degeneration, rather the deterioration 
was caused by a complex set of biochemical cascade 
that occurred in hours to days following trauma.[18] 
Pretreatment of animals with α‑tocopherol has been 
reported by Hall et al.[19] to lessen secondary damage 
in several models of ischemic or traumatic injury to the 
central nervous system.

Impaired antioxidant defense and increased lipid 
peroxidation have been reported in traumatic brain 
injury rats[20] and chronic schizophrenic patients.[21] 
Free radicals play an important role in the pathogenesis 
of structural and functional changes of neuronal 
membrane that could be responsible for the beginning 
or aggravation of the schizophrenic disease.[22,23]

The significant increase in the levels of serum and brain 
tissue homogenate of ascorbic acid and vitamin E in 
the treated rats when compared with TBI‑untreated 
rats indicated that oxidative stress has been implicated 
in the traumatized brain injury and supplementation 
with antioxidant vitamins can ameliorate the oxidative 
stress insult. Vitamin E and ascorbic acid are important 
chain‑breaking antioxidants, responsible for scavenging 
the free radicals and suppression of peroxidation in 
the aqueous and lipid region of the cell.[24] Studies 
have indicated a decrease in lipid peroxidation and an 
increase in the activity of antioxidant enzymes after the 
administration of α‑tocopherol and selenium during the 
treatment of brain impairment.[25] Intensive pretreatment 
of animals with endogenous lipid peroxyl radical 
scavenger, α‑tocopherol, with 21‑ aminosteroids has been 
shown to decrease posttraumatic spinal ischemia and 
enhance chronic neurological recovery.[19] Low levels of 
serum and brain tissue homogenate of vitamin E in the 
traumatized untreated control as shown in the current 
study may facilitate oxidative damage in the traumatized 
brain injury of rats.

The marked decrease in serum ascorbic acid level after 
TBI may have several possible implications. First TBI 
might disrupt the blood brain barrier and decrease the 
concentration gradient for ascorbate accumulation. 
Second movement of ascorbate from brain to blood could 
occur and ascorbate may have been consumed by the 
free radicals associated with TBI. This is the most likely 
scenario and one that provides a unifying explanation 
for the results in the current study.

Lipid peroxidation product, MDA, levels were significantly 
reduced in serum and brain tissue homogenate of 
treated rats compared with the TBI‑untreated group. 
Reduction in MDA could be due to decreased generation 
of reactive oxygen species (ROS), due to its destruction 
by the antioxidants treatment. The raised serum and 
brain tissue homogenate of MDA level in TBI‑untreated 
control reflects the oxidative injury which is attributed 
to free‑radical formation that abstracts hydrogen atoms 
from lipoproteins causing lipid peroxidation.[26,27] 
Increased levels of thiobarbituric acid reaction products 
have been found in the serum of patients experiencing 
craniotomy[28] and also in plasma of schizophrenic 
patients, with or without tardive dyskinesia.[29]

The results also indicated that vitamin E and 
vitamin C supplementation was found to increased 
SOD levels in both serum and brain tissue homogenate 
compared with the TBI‑untreated group. The role 
of SOD is to protect cells from the toxic effect of 
superoxide radicals as it catalyzes the dismutation 
reaction of the radicals.[30] The levels of CK‑BB were 
found to be significantly elevated immediately after 
the head injury and that the greater the degree of 
external cranial injury inflicted the higher isoenzyme 
activity.[31] This seems to provide evidence that CK–BB 
activity is an early indicator of brain damage and that 
its level may reflect the extent of cerebral damage 
involved.[31]

In the present study perhaps the amount of CK‑BB 
released from the brain damage caused an appreciable 
rise in the serum level of CK‑BB of TBI rats. This indicated 
that the model was good enough to cause the released 
of CK‑BB into peripheral blood and so this may possibly 
offer new criteria for early assessment of the severity of 
brain damage.

Conclusion

The current study provides evidence of the involvement 
of oxidative stress in the pathogenesis of TBI as 
manifested in the elevation of CK‑BB activity and MDA, 
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and reduction in the serum and brain tissue homogenate 
of vitamin C and vitamin E. Treatment also significantly 
improved the serum and brain tissue antioxidant 
parameters an indication of the effectiveness of these 
vitamins in reversing the complications of TBI. Treatment 
does not only reduce oxidative stress in TBI but also 
effectively reduce the mortality rate and healing time. 
Thus combined therapy is more effective in protecting 
and reversing the effects against trauma‑induced damage.
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