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Abstract: Excessive generation of reactive oxygen species (ROS) and impairment of 

endogenous antioxidant defense mechanisms have been associated with ischaemic stroke 

(IS), resulting in secondary events leading to neuronal dysfunction and cell death. This 

study reports the neurobehavioral and a neurobiochemical improvement of alpha lipoic 

acid and uric acid in Wistar rats induced with IS.Thirty rats of Wistar strain were 

subdivided into six groups of five rats each. Ischaemic stroke was induced in the rats 

using Middle Cerebral Artery Occlusion (MCAO). The IS rats were administered 45 and 

67.5mg/kg body weight of alpha lipoic acid and uric acid orally for two weeks. Various 

neurological assessment methods (stair case, cylinder test and modified neurological 

severity score (mins) were carried used to assess the behaviour of the experimental rats 

before induction of stroke, during and after treatment. Ischemic stroke caused a 

significant decrease (P<0.05) in the activities of catalase (CAT), superoxide dismutase 

(SOD) and glutathione peroxide (GPX) activities. There was also a significant (P<0.05) 

increase in the serum concentration of oxidative stress biomarker, thiobarbituric acid 

reactive species (TBARS) of the stroke induced not treated group of rats. Administration 

of alpha lipoic and uric acids cause a significant increase (P<0.05) in the activities of 

CAT, SOD and GPX activities of the rats compared to their activities in stroke non 

treated rats. The serum level of TBARS decreased significantly (P<0.05) in rats treated 

with alpha lipoic and uric acids compared to those of the two control groups (stroke 

induced non-treated and non-stroke induced non-treated) rats. There was also a 

significant improvement in the neurobehavioral characteristics of the rats as a result of 

treatment with uric and alpha lipoic acids. This study observed that treatment with alpha 

lipoic and uric acids boost the antioxidant status of the IS rats and may be responsible 

for the observed neurobehavioral improvement in the IS and treated rats.  

Keywords: ischaemic stroke, Alpha lipoic acid, Uric acid, Oxidative stress. 

 

INTRODUCTION 

Globally ischemic stroke (IS) is the major 

cause of disability and death, but therapeutic choices 

are still limited. IS as a result of middle cerebral artery 

occlusion (MCAO) lead to loss of blood supply to part 

of the brain initiating ischemic cascade  [1], accounts 

for up to 80% of all stroke cases (Ginsberg, 2008). 

Reduction in cerebral blood flow beyond its normal 

threshold results into hypoxia, hypoglycemia, the 

failure of ATP-dependent pumps and a disruption of 

ionic equilibrium, resulting to the generation of reactive 

oxygen species (ROS) and free radicals [2]. Excessive 

generation of reactive oxygen species (ROS) and 

impairment of endogenous antioxidant defense 

mechanism begins immediately after the onset of a 

neurodegenerative disorder such as ischemic stroke (IS) 

and traumatic brain injury resulting in secondary events 

leading to neuronal dysfunction and cell death [3]. 

Research into antioxidant and anti-inflammatory 

therapy to prevent and/or scavenge ROS and free 

radical generation has provided hope that the damage 

due to reperfusion injury may be mitigated, and that the 

window of opportunity for therapeutic treatment, such 

as tissue-plasminogen activator (TPA), may be 

extended beyond the currently accepted time frame of 3 

to 4 hours following the onset of stroke [4]. The major 
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player in the pathophysiology of ischemic stroke is 

oxidative stress and inflammation, based on the 

importance of this relationship [5] so many researches 

have focused on the importance of antioxidant to 

manage neurodegenerative diseases such as ischemic 

stroke and traumatic brain injury. Alpha lipoic acid 

(ALA) is an endogenous antioxidant produced majorly 

from the mitochondria of the heart, liver and kidney. 

ALA is a compound that has two sulfhydryl (thiol) 

groups and a free hydroxyl group that act as an electron 

donor thereby scavenging free radical.  Although, 

Dihydrolipoic acid, a reduced form of ALA has created 

more interest considering its antioxidant properties and 

activities [6].  

 

In addition, ALA exhibits metal-chelating 

activity and is an essential cofactor for enzymes, it is 

involved in the Krebs cycle and the electron transport 

chain [7, 8]. ALA also regenerates glutathione (GSH), 

thereby maintaining optimal levels of other 

antioxidants, such as vitamins C and E, superoxide 

(SOD), and catalase (CAT) [9]. Accordingly, among the 

many health-promoting activities of ALA are its 

antioxidant, anti-inflammatory, anti-apoptotic, 

anticancer, cardio-protective, and neuroprotective 

functions [10]. Moreover, because of its amphiphilic 

nature, ALA readily penetrates all cells and tissues of 

the body, including the blood brain barrier (BBB). ALA 

also effectively increases the production of 

acetylcholine (neurotransmitter) and thereby maintains 

the integrity of the brain [11]. These findings strongly 

suggest a role for ALA in the treatment of various 

neurological disorders. However, only a few 

experimental studies, involving different animal and 

clinical models following traumatic head injury, 

cerebral ischemia, and seizures, have examined the 

neuroprotective nature of ALA  [6, 12, 13, 14]. Uric 

acid (UA), the end product of purine metabolism, is 

reported to exert pro-oxidant or antioxidant properties 

depending on its altered concentrations in various 

diseases. Elevated serum UA levels can be responsible 

for gout arthritis due to its pro-oxidant activity [15]. On 

the opposite, UA exerts a strong anti-oxidant activity on 

the serum, where its levels can be easily measured and 

have been utilized as a marker of the oxidative balance 

with its clinical correlates. Indeed, reduced serum UA 

levels have been associated with worse disease 

outcomes in Parkinson's disease and multiple sclerosis 

[16, 17]. In addition, several studies reported that 

increased serum UA levels were associated with a wide 

range of cardiovascular disease, including coronary 

heart disease, stroke and hypertension [18]. Serum uric 

acid (SUA) is a major natural antioxidant and increased 

levels have been associated to a slower progression of 

several neurodegenerative disorders but also to an 

improvement in neurological and immune functions 

[19]. It has been reported that administration of uric 

acid (UA) was associated with a reduced infarct growth 

and improved outcome in stroke patients with 

hyperglycemia during acute stroke [20]. Uric acid is 

one of the most important antioxidants in plasma, and 

its concentration is almost 10-fold higher than other 

antioxidants. Urate (the soluble form of uric acid in 

blood) scavenges superoxide, hydroxyl radical, oxygen, 

and can chelate transition metals. Uric acid blocks the 

reaction of superoxide anion with nitric oxide that can 

injure cells by nitrosylating the tyrosine residues of 

proteins, and it also prevents the degradation of 

extracellular superoxide dismutase, an enzyme critical 

in maintaining endothelial and vascular function [3]. 

 

MATERIALS AND METHODS 

Animals and Treatment  
Twenty apparently healthy rats of Wistar strain 

weighing between 180 and 200g were obtained from the 

Animal House of the Department of Veterinary 

Physiology and Biochemistry, Faculty of Veterinary 

Medicine, Usmanu Danfodiyo University, Sokoto, 

Nigeria. The Ethics Committee of the Department of 

Veterinary Physiology and Biochemistry approved the 

animal experiment with ethical clearance number 

VPB/EC/17/16. The rats were housed under a standard 

condition at room temperature of 35-37.5
o
C and were 

subjected to a 12-hour light/12-hour dark cycle. The 

rats were fed with a grower mash of vital
®
 feed ad-

libitum. They were randomly divided into twenty 

groups of five rats each as shown in table 1 below. 

 

Stroke induction 
The focal cerebral ischemic model was 

conducted using MCAO method as described by [21].  

IS was induced in this study by occluding the middle 

cerebral artery (MCA) in winstar rats. Ketamine and 

Xylazine at the dose of 80mg/kg and 5mg/kg body 

weight respectively were used to anaesthize the rats. 

The anaesthetic condition was maintained until the end 

of the occluding period. The neck regions of the rats 

were shaved and scrubbed with savlon


, incision was 

done at the scrubed area to gain access to the common 

carotid artery (CCA). The artery was ligated 

proximally, a nitch incision was created on the CCA 

distally using a 25G needle, and absorbable suture 

material chromic catgut was inserted through the nitch 

incision into the artery until resistance was felt. A 

silicon-coated suture with the diameter and length of 

0.35mm and 5 mm, respectively was manipulated 

through the external and internal carotid arteries to 

block the MCA. The incisions made were closed using 

a non-absorbable suture material (nylon) and the rats 

were allowed to recover from the anaesthetic condition 

in the cages. During the induction, the heart rate and 

rectal temperatures were monitored.  

 

Neurological Assessments 

Modified Neurological Severity Score (mNSS) 
Before and after treatment of the rats, mNSS 

were used to examine the level of IS and progress in the 

treatment in various groups. This method was 

performed following the method of [22]. The total score 

of 18 points consisting of five components: 
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consciousness and respiration, cranial nerve function, 

motor function, sensory function and coordination. 

Eighteen different tasks were used to evaluate these 

functions. One point was given for failure to perform a 

task and zero for successful performance of the task. 

Scores ranged from zero in healthy uninjured rats to a 

maximum of 18 indicating severe neurological 

dysfunction with failure in all tasks. The mNSS 

immediately after stroke reflects the initial severity of 

injury. Immediately after the initial evaluation of mNSS 

the rats were assigned to different treatment groups. 

 

Beam walking test (BWT)  
Beam test was carried out using the method 

reported by [23]. A wooden beam (1m in length, 1.5 cm 

in diameter) was placed 60 cm above the floor between 

the animal’s room and a starting point. A rat was placed 

on the beam at the starting point and allowed to walk in 

the direction of the room. A successful animal would 

walk into its room in the 20s. Failure to reach the 

destination or falling (tumbling) from the beam is 

recorded as motor–coordination deficit. Experimental 

rats were graded as follows; those that crossed in the 

20s were scored 5, which is the maximum score; those 

that crossed in 25s were scored 4, those that crossed in 

the 30s were scored 3, while those that fell down or fail 

to move got 0 and 1 respectively. 

 

Staircase test (SCT)  
This test was conducted by modifying the 

method of [24] in order to assess the independent use of 

the forelimbs of the rats. It was performed by placing 

the experimental rat on a wooden staircase and placing 

feed on the topmost step. The staircase is comprised of 

five steps and each step scores 1 point with maximum 

of 5 points for any rats that was able to get to the top.  

Food deprivation and daily pre-training was done for 

four weeks prior to the experiment so as to make the 

experimental rats get familiar with the test. 

 

Cylinder test (CT)  
Cylinder test was carried out on the 

experimental rats to investigate the neural basis of 

spatial and motor behavior. The method reported by 

[25] was modified by constructing a locally made glass 

cylinder and used to carry out the test. The rats were 

placed in the cylinder and were observed; the light is 

put off so as to allow the rats to explore better, 1 point 

was scored for standing for 5seconds inside the cylinder 

and up to the maximum of 5points for standing for 5 

minutes. 

 

Blood sample collection 

Following the two weeks of the antioxidant 

supplementation to the experimental rats, blood samples 

were collected from the rats through cardiac puncture. 

The rats were anaesthetized using chloroform in a glass 

jar. After proper anaesthesia the rats were laid on dorsal 

recumbency and then the needle was inserted between 

the intercostal muscles to gain access to the heart. 

Blood was collected and poured into plain tubes and 

spun with centrifuge at 3000rpm for 5 minutes using a 

bench top centrifuge, the supernatant was removed and 

stored at -20
o
C until required for analyses for oxidative 

stress indices. 

 

Biochemical Analyses 

Estimation of Catalase (CAT) Activity  
The commercial Cayman’s Catalase Assay Kit 

was obtained from the Cayman® chemical company, 

Ann Arbor, USA and was used to estimate activities of 

serum catalase in according to the manufacturer’s 

instructions according to the method of (61).  Three 

wells were designated as a sample, standardization and 

control. To each well, 100µl of assay buffer and 30µl of 

methanol were added. To standard well, 20µl of 

prepared standard (Formaldehyde Standards) were 

added and to sample well 20µl of serum were added. 

20µl of H202 were added to each well to initiate the 

reaction. The plate was covered with a lid and incubated 

on a shaker for 20 minutes at room temperature. To 

each well, 30µl of potassium hydroxide were added to 

terminate the reaction and 30µl of purpald were then 

added. The plate was covered once again and incubated 

for 10 minutes at room temperature on a shaker. Once 

again, to each well, 10µl of potassium periodate were 

added, covered   and incubated for 5 minutes on a 

shaker.  The absorbance was read at 540nm using Rayto 

RT 2100C plate reader produced by Shanghai 

International Holding Corporate, Humberg, Germany. 

 

Estimation of Superoxide dismutase (SOD) Activity  
Cayman’s Superoxide Dismutase Assay Kit 

from Cayman
®

 chemical company, Ann Arbor, USA 

was used according to the manufacturer’s instructions 

to quantify the serum activities of superoxide 

dismutase. Two wells were designated as standard and 

sample. To each well 200µl of the diluted radical 

detector, 10µl each of the prepared standard to the 

serum were added to the standard well and sample well 

respectively.  Twenty microliter (20µl) of diluted 

xanthine oxidase was added to both standard and 

sample wells to initiate the reaction. The plate was 

shaken for a few seconds and covered with cover plate. 

The plate was then incubated on a shaker at room 

temperature for 20 minutes and absorbance was read at 

450nm using Rayto RT 2100C plate reader produced by 

Shanghai International Holding Corporate, Humberg, 

Germany. With the method described by (62). 

 

Estimation of Glutathione peroxidase (GPx) Activity  

The commercial assay kits of Cayman 

obtained from the Cayman® chemical company, Ann 

Arbor, USA was used to carry out the analysis of GPx 

in accordance with the manufacture’s guide. In brief, 

three wells were designated as sample, non-enzymatic 

and positive control. To sample well, 100µl of assay 

buffer, 50µl of co-substrate mixture and 20µl of serum 

were added. To non-enzymatic well, 120µl of assay 

buffer and 50µl of co-substrate mixture were added and 



 

 

Suleiman N et al., Sch. Acad. J. Biosci., Aug 2018; 6(8): 571-578 

Available online at https://saspublishers.com/journal/sajb/home   574 

 

 

to positive control well 100µl of assay buffer, 50µl of 

co-substrate mixture and 20µl of diluted GPx were 

added. The reaction was initiated by adding 20µl of 

cumene hydroperoxide to each well and the plate was 

carefully shaken for a few seconds. The absorbance was 

read at 340nm using Rayto RT 2100C plate reader 

produced by Shanghai International Holding Corporate, 

Humberg, Germany, once every 3 minutes according to 

the method described by (63).  

 

       Abs/min = 
(min)1(min)2

)1()2(

TimeTime

timeAbstimeAbs



   

 

GPx activity = 
µ/M00373.0

min/Abs  x 
ml

ml

02.0

19.0 = nmol/mn/ml    

 

Estimation of Lipid Peroxidation (MDA) 

Concentration 

Estimation of lipid peroxidation was 

performed using Cayman’s assay kits obtained from the 

Cayman® chemical company, Ann Arbor, USA, 

following the manufacture’s instruction. Into a test tube, 

0.1ml of serum was added and treated with 2 ml of 

TBA-TCA-HCl (1:1:1 ratio) reagent (Thiobarbituric 

acid 0.37%, 0.25N HCl and 15% TCA). The tube was 

placed in water-bath for 15 minutes, cooled and 

centrifuged at room temperature for 10 minutes at 1000 

RPM. The absorbance of clear supernatant was 

measured against reference blank at 535 nm using 

Rayto RT 2100C plate reader produced by Shanghai 

International Holding Corporate, Humberg, Germany. 

The concentration of TBARS was calculated using the 

molar extinction coefficient of malondialdehyde (1.5 x 

10
5
 Mol/l/cm) following the method highlighted by 

(64). 

 

DATA ANALYSIS 

Statistical programme in Social Sciences 

(SPSS 22.0) was used to analyse the data. Results were 

expressed as means ± SD. The data were analysed by 

one-way analysis of variance (ANOVA); Turkey Alpha 

Post-hoc Test was used for multiple comparisons 

between groups and concentrations.  

 

RESULTS  

Beam walking test (BWT). Figure 1 shows the 

results of the beam walking test performed to assess 

motor function of the experimental rats before, after 

stroke induction (SI) and during treatment. The scores 

indicated that rats in the treated groups improved on 

their first BWT score from 0-1 to 3-5 while the SINT 

group rats did not show improvement from the previous 

score. 

 

Staircase test (SCT). Figure 2 presents the 

results of staircase climbing test performed to assess 

motor function of the experimental rats before, after SI 

and during treatment. The scores indicated that rats 

from the treated groups improved on their first score 

from 0-1 to 1.2 to 3-5 while the SINT group rats did not 

show much improvement from their first score.  

 

Cylinder test (CT). Figure 3 shows the result of 

the cylinder test performed to assess motor function of 

the experimental rats before, after SI and during 

treatment. The scores indicate that rats from the treated 

groups improved on their first score from 0-1 to 3-5 

while the SINT group rats did not show much 

improvement from their first score. The SNINT group 

showed the same results for the two tests. 

 

Oxidative stress analyses 

Effect of treatment of IS rats with ALA and 

UA on SOD activities: The effect of LMWA on the 

activity SOD on ischemic stroke of albino rats is 

presented in figure 5. The results indicated that SI 

caused significantly (P<0.05) decrease in the activity of 

the enzyme SOD in the group of rats that was not 

treated. Treatment with ALA and UA at 45mg/kg and 

67.5mg/kg body weight (BW) resulted in significant 

(P<0.05) increase of SOD activities.  

 

Effect of treatment of IS rats with ALA and 

UA on CAT activities: Antioxidants supplementation 

effect on the serum activity of catalase is presented in 

figure 6. The results indicated that SI caused 

significantly (P<0.05) decrease in the activity of the 

enzyme as shown by stroke-induced and not treated 

group of the experimental rats. After the treatment with 

ALA and UA, the lowered catalase enzyme activity 

seen in stroke-induced non-treated group was reverted 

in the treatment groups when compared with the non-

stroke induced non-treated group.  

 

Effect of treatment of IS rats with ALA and 

UA on GPx activities: The effect of ALA and UA 

supplementation on the serum activity of GPx is 

presented in figure 7. The results indicated that SI 

caused significantly (P<0.05) decrease in the activity of 

GPx as shown by stroke-induced non-treated group of 

the experimental rats. Following the supplementation, 

the GPx enzyme activities significantly (P<0.05) 

increased in the treatment groups when compared with 

the non-stroke induced non-treated and stroke induced 

non-treated groups.  

 

Effect of treatment of IS rats with ALA and 

UA on MDA activities: The effect of antioxidant 

supplementation on the serum MDA concentration is 

presented in figure 8. The results indicated that SI 

caused significant (P<0.05) increase in the 

concentration of MDA in the stroke-induced non-

treated group. After treatment with ALA and UA at 

45mg/kg and 67.5mg/kg BW doses, the concentration 

of the MDA significantly (P<0.05) decrease in all the 

treated groups in a concentration dependent manner. 
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Fig-1: Biochemical analyses A. Effect of ALA and UA on TBARS concentration of experimental rats; B. Effect of 

ALA and UA on GPx activity of experimental rats; C. Effect of ALA and UA on SOD activity of experimental 

rats; D. Effect of ALA and UA on CAT activity of experimental rats 

 

Key: SOD: superoxide dismutase; CAT: Catalase; GPx: Glutathione peroxidase; TBAR: Thiobarbituric acid 

reactive species; UA: Uric acid; ALA: Alpha lipoic acid; MDA: Malondialdehyde 

 

 
Fig-2: Neurological assessment score; A. Effect of ALA and UA on BWT scores of experimental rats; B. Effect of 

ALA and UA on SCT scores of experimental rats; C.  Effect of ALA and UA on CYL tests scores of experimental 

rats 

Key:  BWT: Beam walking test; SCT: Stair case test; CYL: Cylinder test; UA: Uric acid; ALA: Alpha lipoic acid; 

 

 

DISCUSSION 
Ischemic stroke is caused by an interruption of 

cerebral blood flow, usually the middle cerebral artery 

(MCA), ultimately leading to hypoperfusion of tissue 

and neuronal cell death [26]. Oxidative stress is one of 

the main mechanisms implicated in the pathophysiology 

of ischemic stroke because the ischemic brain is 

particularly susceptible to oxidative stress compared 

with other organs due to its high consumption of 

oxygen and it relatively has low antioxidant capacity. 

Immediately after the onset of brain ischemia, a rapid 

increase of oxidative stress mediators like ROS or 

reactive nitrogen species (RNS) occurs. During 

reperfusion, oxidative stress reaches higher peaks that 

may overwhelm the scavenging capacity of endogenous 

antioxidant (SOD, CAT, GPx, uric acid) systems [27]. 

Thereby decreasing the endogenous antioxidant 

capacity and consequently, this decrease is associated 

with poor clinical, radiological and neurological 

outcomes [28].  
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The significant (P<0.05) decrease in 

antioxidant enzymes (SOD, CAT and GPX) activities 

status and a significant (P<0.05) increase of oxidative 

stress biomarker (TBARS) in stroke induced non 

treated (SINT) group indicated that induction of 

ischemic stroke in albino rats caused an increase in the 

production of reactive oxygen species, which resulted 

into oxidative stress and thereby overwhelming the 

endogenous antioxidant activity, ultimately, the 

antioxidant become inadequate, consumed and 

inactivated following ischemia and couldn’t defend the 

body system from damage. Treatment with different 

doses of alpha ALA reverted the antioxidant enzyme 

activities significantly in a concentration dependent 

manner. It is important to know that ALA can exist in 

both R- and S-enantiomeric forms, naturally found 

ALA is an R-isomer that can bind to the ε-amino 

moiety of lysine residues by an amide linkage, thus 

making this isomer essential as a co-factor in the 

mitochondrial energy metabolism. Chemically 

synthesized LA, in contrast, is a racemate (a mixture of 

equal amount of R- and S-LA), and is believed to exert 

additional beneficial bioactivities when administered 

exogenously [29] because it can augment the 

endogenous antioxidant in the body to fight against 

reactive oxygen species created as a result of IS. Alpha-

lipoic acid is an antioxidant commonly used for 

treatment of many neurological disorders such as 

diabetic polyneuropathy, multiple sclerosis and 

neurological disorders such as IS and traumatic brain 

injury. ALA is not toxic at therapeutic doses and it is 

absorbed from the diet, crosses the blood–brain barrier  

[30,  31] and still maintain its structure and function. 

This strong antioxidant influences a number of cellular 

processes, including direct radical scavenging, 

recycling, metal chelation, regeneration of endogenous 

antioxidants, and modulation of transcription factor 

activity. It has been shown to improve endothelial 

function and blood flow, and accelerate glutathione 

synthesis, which plays a crucial role in regulating the 

expression of several antioxidant and anti-inflammatory 

genes [30]. One of the ultimate goal of therapy 

following ischemic stroke is to record improvement in 

the functional outcome of the neurological ability of the 

experimental rats; this was assessed using cylinder test, 

stair case test and beam walking test. The neurological 

tests significantly improved following the 

administration of ALA when compared to control group 

of the rats, this is agreement with the report of [31] 

where it was reported that functional outcome of an 

ischemic stroke treated rats was assessed by various 

neurobehavioral tests and was significantly improved in 

the aLA group when compared with the control group 

over a relatively long period of time (56 days). 

 

Treatment with different doses of Uric acid 

(UA) changed the status of the antioxidant enzymes 

(SOD, CAT and GPX) activities significantly in a 

concentration dependent manner. It also increased the 

oxidative stress biomarker (TBARS) when compared 

with the control group. The reason for the result could 

be because UA have a cellular protective antiradical 

mechanism, it is also reported that uric acid is said to be 

a neuroprotectant due to its antioxidants action as 

advocated by Heo and Lee 2010 [32]. In addition, the 

result of this research work is similar to those reported 

by Rajeshwar et al. [33] were he reported that the levels 

of serum UA were signicantly elevated in ischemic 

stroke patients within 24 hours after symptom onset and 

the results did not change even after adjusting the 

potential confounders. 

 

CONCLUSION 
Alpha lipoic acid and Uric acid has widely 

proven there neuroprotective properties in experimental 

models of acute cerebral ischemia. In this study, the 

exogenous administration of UA and ALA as an 

antioxidant have shown measurable beneficial 

biological effects. Furthermore, there is increasing 

evidence arising from recent research that the two 

antioxidants could be a therapeutic option in the 

treatment of ischemic stroke. This beneficial effect is 

more apparent in the management of patient vulnerable 

to oxidative stress and reperfusion injury. 

 

REFERENCES 

1.  Deb P, Sharma S, Hassan KM. Pathophysiologic 

mechanisms of acute ischemic stroke: An overview 

with emphasis on therapeutic significance beyond 

thrombolysis. Pathophysiology. 2010 Jun 

1;17(3):197-218.  

2. Ginsberg MD. Neuroprotection for ischemic 

stroke: past, present and future. 

Neuropharmacology. 2008 Sep 1;55(3):363-89.  

3. Suleiman N, Bilbis LS, Saidu Y, Nasiru JI Dallatu 

MK, Sahabi SM, Ngaski AA, Garba,  B,Yakubu 

AS and Bulama I. Effect of some low molecular 

mass antioxidants in the  management of traumatic 

Brain injury in albino rats. International Journal of 

Current Research. 2015;7, (7), 18492-18499. 

4. Connell BJ, Saleh MC, Kucukkaya I, Abd-El-Aziz 

AS, Khan BV, Saleh TM. UPEI-300, a conjugate 

of lipoic acid and edaravone, mediates 

neuroprotection in ischemia/reperfusion. 

Neuroscience letters. 2014 Feb 21;561:151-5.  

5. Perrone S, Tataranno ML, Negro S, Longini M, 

Marzocchi B, Proietti F, Iacoponi F, Capitani S, 

Buonocore G. Early identification of the risk for 

free radical-related diseases in preterm newborns. 

Early human development. 2010 Apr 1;86(4):241-

4.  

6. Jia Z, Zhu H, Vitto MJ, Misra BR, Li Y, Misra HP. 

Alpha-lipoic acid potently inhibits peroxynitrite-

mediated DNA strand breakage and hydroxyl 

radical formation: implications for the 

neuroprotective effects of alpha-lipoic acid. 

Molecular and cellular biochemistry. 2009 Mar 

1;323(1-2):131-8.  

7. Kanyal N. The science of ischemic stroke: 



 

 

Suleiman N et al., Sch. Acad. J. Biosci., Aug 2018; 6(8): 571-578 

Available online at https://saspublishers.com/journal/sajb/home   577 

 

 

pathophysiology & pharmacological treatment. 

International Journal of Pharma Research & 

Review. 2015;4:65-84.  

8. Skibska B, Goraca A. The protective effect of 

lipoic acid on selected cardiovascular diseases 

caused by age-related oxidative stress. Oxidative 

medicine and cellular longevity. 2015;2015.  

9. El-Beshbishy HA, Bahashwan SA, Aly HA, Fakher 

HA. Abrogation of cisplatin-induced 

nephrotoxicity in mice by alpha lipoic acid through 

ameliorating oxidative stress and enhancing gene 

expression of antioxidant enzymes. European 

journal of pharmacology. 2011 Oct 1;668(1-2):278-

84.  

10. Toklu HZ, Hakan T, Bi˙ ber N, Solakoğlu S, Öğünç 

AZ, Şener G. The protective effect of alpha lipoic 

acid against traumatic brain injury in rats. Free 

Radical Research. 2009 Jan 1;43(7):658-67.  

11. Emmez H, Yildirim Z, Kale A, Tönge M, Durdağ 

E, Börcek AÖ, Uçankuş LN, Doğulu F, Kiliç N, 

Baykaner MK. Anti-apoptotic and neuroprotective 

effects of alpha-lipoic acid on spinal cord 

ischemia–reperfusion injury in rabbits. Acta 

neurochirurgica. 2010 Sep 1;152(9):1591-601.  

12. Maczurek A, Hager K, Kenklies M, Sharman M, 

Martins R, Engel J, Carlson DA, Münch G. Lipoic 

acid as an anti-inflammatory and neuroprotective 

treatment for Alzheimer's disease. Advanced drug 

delivery reviews. 2008 Oct 1;60(13-14):1463-70.  

13. Phan TG, Beare RJ, Jolley D, Das G, Ren M, 

Wong K, Chong W, Sinnott MD, Hilton JE, 

Srikanth V. Carotid artery anatomy and geometry 

as risk factors for carotid atherosclerotic disease. 

Stroke. 2012 Jun;43(6):1596-601.  

14. Richard MJ, Connell BJ, Khan BV, Saleh TM. 

Cellular mechanisms by which lipoic acid confers 

protection during the early stages of cerebral 

ischemia: a possible role for calcium. Neuroscience 

research. 2011 Apr 1;69(4):299-307.  

15. Pokhrel K, Yadav BK, Jha B, Parajuli K, Pokharel 

RK. Estimation of serum uric acid in cases of 

hyperuricaemia and gout. Journal of the Nepal 

Medical Association. 2011 Jan 1;51(181).  

16. Winquist A, Steenland K, Shankar A. Higher 

serum uric acid associated with decreased 

Parkinson's disease prevalence in a large 

community‐based survey. Movement disorders. 

2010 May 15;25(7):932-6. 

17. Moccia M, Lanzillo R, Costabile T, Russo C, 

Carotenuto A, Sasso G, Postiglione E, Picione CD, 

Vastola M, Maniscalco GT, Palladino R. Uric acid 

in relapsing–remitting multiple sclerosis: a 2-year 

longitudinal study. Journal of neurology. 2015 Apr 

1;262(4):961-7.  

18. Wei F, Sun N, Cai C, Feng S, Tian J, Shi W, Xu 

W, Wang Y, Yang X, Li WD. Associations 

between serum uric acid and the incidence of 

hypertension: a Chinese senior dynamic cohort 

study. Journal of translational medicine. 2016 

Dec;14(1):110.  

19. Álvarez-Lario B, Macarrón-Vicente J. Uric acid 

and evolution. Rheumatology. 2010 Jul 

13;49(11):2010-5.  

20. Amaro S, Llull L, Renú A, Laredo C, Perez B, Vila 

E, Torres F, Planas AM, Chamorro Á. Uric acid 

improves glucose‐driven oxidative stress in human 

ischemic stroke. Annals of neurology. 2015 

May;77(5):775-83.  

21. Spratt NJ, Fernandez J, Chen M, Rewell S, Cox S, 

van Raay L, Hogan L, Howells DW. Modification 

of the method of thread manufacture improves 

stroke induction rate and reduces mortality after 

thread-occlusion of the middle cerebral artery in 

young or aged rats. Journal of neuroscience 

methods. 2006 Sep 15;155(2):285-90.  

22. Chen J, Zhang C, Jiang H, Li Y, Zhang L, Robin A, 

Katakowski M, Lu M, Chopp M. Atorvastatin 

induction of VEGF and BDNF promotes brain 

plasticity after stroke in mice. Journal of cerebral 

blood flow & Metabolism. 2005 Feb;25(2):281-90.  

23. Jover R, Rodrigo R, Felipo V, Insausti R, Sáez‐
Valero J, García‐Ayllón MS, Suárez I, Candela A, 

Compañ A, Esteban A, Cauli O. Brain edema and 

inflammatory activation in bile duct ligated rats 

with diet‐induced hyperammonemia: a model of 

hepatic encephalopathy in cirrhosis. Hepatology. 

2006 Jun;43(6):1257-66.  

24. Baird AL, Meldrum A, Dunnett SB. The staircase 

test of skilled reaching in mice. Brain research 

bulletin. 2001 Jan 15;54(2):243-50.  

25. Przybyszewski AW, Sosale S, Chaudhuri A. 

Quantification of three-dimensional exploration in 

the cylinder test by the common marmoset 

(Callithrix jacchus). Behavioural brain research. 

2006 Jun 3;170(1):62-70.  

26. Macleod MR, Van Der Worp HB, Sena ES, 

Howells DW, Dirnagl U, Donnan GA. Evidence 

for the efficacy of NXY-059 in experimental focal 

cerebral ischaemia is confounded by study quality. 

Stroke. 2008 Oct 1;39(10):2824-9.  

27. Fabian RH, DeWitt DS, Kent TA. In vivo detection 

of superoxide anion production by the brain using a 

cytochrome c electrode. Journal of Cerebral Blood 

Flow & Metabolism. 1995 Mar;15(2):242-7.  

28. Leinonen JS, Ahonen JP, Lönnrot K, Jehkonen M, 

Dastidar P, Molnár G, Alho H. Low plasma 

antioxidant activity is associated with high lesion 

volume and neurological impairment in stroke. 

Stroke. 2000 Jan;31(1):33-9.  

29. Yamada T, Hashida K, Takarada-Iemata M, 

Matsugo S, Hori O. α-Lipoic acid (LA) 

enantiomers protect SH-SY5Y cells against 

glutathione depletion. Neurochemistry 

international. 2011 Dec 1;59(7):1003-9.  

30. Shay KP, Moreau RF, Smith EJ, Smith AR, Hagen 

TM. Alpha-lipoic acid as a dietary supplement: 

molecular mechanisms and therapeutic potential. 

Biochimica et Biophysica Acta (BBA)-General 

Subjects. 2009 Oct 1;1790(10):1149-60.  

31. Choi KH, Park MS, Kim HS, Kim KT, Kim HS, 



 

 

Suleiman N et al., Sch. Acad. J. Biosci., Aug 2018; 6(8): 571-578 

Available online at https://saspublishers.com/journal/sajb/home   578 

 

 

Kim JT, Kim BC, Kim MK, Park JT, Cho KH. 

Alpha-lipoic acid treatment is neurorestorative and 

promotes functional recovery after stroke in rats. 

Molecular brain. 2015 Dec;8(1):9.  

32. Guo Y, Li P, Guo Q, Shang K, Yan D, Du S, Lu Y. 

Pathophysiology and biomarkers in acute ischemic 

stroke–a review. Tropical Journal of 

Pharmaceutical Research. 2013;12(6):1097-105.  

33. So A, Thorens B. Uric acid transport and disease. 

The Journal of clinical investigation. 2010 Jun 

1;120(6):1791-9.  

34. Cherubini A, Polidori MC, Bregnocchi M, Pezzuto 

S, Cecchetti R, Ingegni T, Di Iorio A, Senin U, 

Mecocci P. Antioxidant profile and early outcome 

in stroke patients. Stroke. 2000 Oct;31(10):2295-

300.  

35. Llull L, Amaro S, Chamorro Á. Administration of 

uric acid in the emergency treatment of acute 

ischemic stroke. Current neurology and 

neuroscience reports. 2016 Jan 1;16(1):4.  

36. Chamorro Á, Planas AM, Muner DS, Deulofeu R. 

Uric acid administration for neuroprotection in 

patients with acute brain ischemia. Medical 

hypotheses. 2004 Feb 1;62(2):173-6.  

37. Squadrito GL, Cueto R, Splenser AE, Valavanidis 

A, Zhang H, Uppu RM, Pryor WA. Reaction of 

uric acid with peroxynitrite and implications for the 

mechanism of neuroprotection by uric acid. 

Archives of biochemistry and biophysics. 2000 Apr 

15;376(2):333-7.  

38. Whiteman M, Ketsawatsakul U, Halliwell B. A 

reassessment of the peroxynitrite scavenging 

activity of uric acid. Annals of the New York 

Academy of Sciences. 2002 May 1;962(1):242-59.  

39. Aoyama K, Matsumura N, Watabe M, Wang F, 

Kikuchi-Utsumi K, Nakaki T. Caffeine and uric 

acid mediate glutathione synthesis for 

neuroprotection. Neuroscience. 2011 May 

5;181:206-15. 

40.  


