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Co-Administration of Vitamins C and E is Protective against 
Reserpine-induced Motor Impairment in Mice.

Abstract

P

Background: The conventional treatments for Parkinson's disease, the most common movement disorder globally, have not been able to 
halt its progression hence, newer approaches targeting its pathogenesis are being explored. We investigated the effect of vitamins C and E 
(in combination) on reserpine-induced motor impairment in mice. 

Materials and Methods: Twenty-five mice were randomly grouped into five groups of five mice each. All the groups except group I (control), 
were given an alternate days injection of reserpine 0.1 mg/kg intraperitoneally. Groups III and IV were administered vitamin E 200 mg/kg/day 
(vitamin E group), and vitamin C 250 mg/kg/day (vitamin C group), respectively while group V (co-administered group) was given both 
vitamins orally. Group II (reserpine group) received nothing in addition to reserpine. All drugs were given concurrently for 28 days. The 
neurobehavioral assessment was performed using beam walking and open field tasks. Results were presented as mean±SEM and 
statistical significance was placed at p < 0.05.

Results: There were significant increases in a number of foot slips (3.60±0.68; p = 0.002) and the time spent in reaching the 'safe' platform 
(36.60±5.78 s; p = 0.0001) in the reserpine group, both of which were markedly reduced in the co-administered group (0.25±0.25 and 
3.00±0.41s respectively). The co-administered group demonstrated a marked decrease in transfer latency (10.33±1.45s; p = 0.005) and 
crossed significantly more lines (56.00±13.53 lines; p = 0.0001) in the open field compared to the reserpine group (214.00±64.16s and 
4.3±1.67 lines respectively). 

Conclusion: Co-administration of vitamins C and E protected against motor impairment induced by reserpine in mice.
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arkinson's disease (PD) is the second most common neurodegenerative disease as 

well as the most common movement disorder worldwide (1-3). As one of the fastest-
growing neurological disorders, PD is a leading cause of disability worldwide (4). It 

affects about ten million people aged 65 years and above (3), and from projections, this 

prevalence will be doubled by 2040 due to increasing life expectancy and industriali-

zation (5).

Several treatment modalities exist for PD among which includes the gold-standard 
levodopa, dopamine agonists and monoamine oxidase B inhibitors among others (6-10). 
Other therapies such as non-steroidal anti-inflammatory drugs (NSAIDs) (11), nicotine 
(12), caffeine (13-14), docosahexaenoic acid (15) and exercises (16-18), have also been 
proposed. However, these therapies are efficient at controlling the motor symptoms only 
for a couple of years when introduced early in the disease process and are associated 
with side effects (19). In addition, none of these therapies slows down or halts the 
disease progression (20). These have shifted the focus of research to the use of anti-
oxidants, given the central role oxidative stress plays in the pathogenesis of most neuro
degenerative diseases (NDD) including PD (21).

Vitamins C and E protect cells against oxidative damage by neutralizing free radicals. 
Both vitamins have protective properties as individual antioxidants (22-24) but combining 
them was shown to produce greater effects against oxidative stress and nephrotoxicity 
(25), as well as hyperglycemia (26) in rats. The co-administration of vitamins C and E 
also potentiated the effect of each other in reserpine-induced oral dyskinesia in rodents 
(27), suggesting a complete antioxidant defense (28).

While vitamin C plays a role in recycling of vitamin E (24, 29), vitamin E in turn, is involved 
in the biosynthesis of vitamin C (30, 31). Therefore, the combination of the two vitamins 
may enhance their antioxidant potentials due to this synergistic interaction as reported 
in some studies (32-35). We, therefore, aimed to investigate the effects of co-
administration of vitamins C and E on reserpine-induced motor impairment in mice using 
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beam-walking and open field tasks.

Materials and Methods
Materials
Vitamins C (Catalog number: HY-B0166/CS-2006; Lot 
n u m b e r :  1 6 4 6 8 )  a n d  E  ( C a t a l o g  n u m b e r : 
HY-B1278A/CS-7804; Lot number: 31618) as well as 
reserpine (Catalog number: HY-N0480/CS-1913; Lot 
number: 27769) were purchased from MedChem 
Express, U.S.A. Glacial acetic acid was purchased from 
BDH Chemicals Ltd., Poole, England (Lot number: 
27103).

Ethical Approval
This study was approved by the Ahmadu Bello University 
Committee on Animals Use and Care (approval number: 
ABUCAUC/2020/72). 

Experimental Animals
A total of 25 male mice (Mus musculus), 8-12 weeks 
old and weighing 20-40g were used for this study due 
to their genetic, biological and behavioral similarities 
with humans and they are the most commonly used 
strains in neuropathologic researches. They were 
obtained from the Department of Human Physiology, 
Ahmadu Bello University (ABU), Zaria. They were kept 
according to their groups in plastic cages with 
softwood shavings, which were changed every other 
day and allowed free access to mice chow and water
under standard laboratory conditions. They were all 
drug- and test-naïve and certified healthy.

Drug formulation and route of administration
The reserpine was constituted with glacial acetic acid 
(made up to 2.5%). It was given at 1 ml/kg intraperi-
toneally due to its poor oral absorption and low bio-
availability. Vitamin C was dissolved in distilled water 
and given at a dose of 10 ml/kg orally. Vitamin E was 
dissolved in 0.1% dimethyl sulfoxide (DMSO), which 
was purchased from Guangdong Guanghua Sci-tech 
Co. Ltd, China (Catalog number: 20170215) and 
administered at a dose of 2 ml/kg orally.

Induction of Parkinsonism
An alternate day's administration of reserpine injection 
at 0.1mg/kg i.p. over 4 weeks was used to closely 
mimic the slowly progressive neurodegenerative 
process of PD in the mice (36). Features such as 
rigidity, hypokinesia or akinesia were suggestive of 
movement disorders in the mice. 

Group I: No intervention was given throughout the study period. This group served as normal control. 

Group II: reserpine (0.1 mg/kg) intraperitoneally (i.p.) on alternate days (36) over 4 weeks. They served as the reserpine group. 

Group III: with vitamin E (200 mg/kg/day) orally (37) plus reserpine (0.1 mg/kg) i.p. on alternate days over 4 weeks. 

Group IV: vitamin C (250 mg/kg/day) orally (37) plus reserpine (0.1 mg/kg) i.p. on alternate days over 4 weeks. 

Group V: vitamin C (250 mg/kg/day) orally and vitamin E (200 mg/kg/day) orally (37) plus reserpine (0.1 mg/kg) i.p. on alternate days over 
4 weeks.  

 

The beam walking task
The beam walking test was performed 24 hours after 
the last reserpine administration according to the 
method described by Stanley et al. (38). The beam 
consists of 80 cm long and 1 cm wide, horizontal, 
cylindrical rod suspended about 65cm above a table 
with one end attached to a 'safe'  p latform 
(13 x 20 x 27 cm). There was an opened cage on the 
table directly below the beam, containing soft foams to 
avoid injury in case of a fall. Each mouse was placed 
at the other end and was expected to walk towards the 
safe platform without stopping or stalling. However, 
when they fail to proceed forward, a gentle prodding or 
pushing from behind was given to encourage the 
mouse to continue moving. During the training session, 
each mouse was entitled to 1-3 trials. Once in the safe 
platform, each mouse was allowed about 10-15 
seconds to habituate itself, then returned to its home 
cage to rest for about 10 minutes. During this interval, 
3-4 mice were trained to make efficient use of time. 

In the testing phase, each mouse was entitled to 1-2 
trials with little or no interference. The number of foot 
slips, as well as the time it takes to move from the 
starting point to the safe platform, was recorded with 
a camera. A foot slip is defined as when at least one of 
the feet comes off the beam or the mouse hind limbs 
completely lose grip of the beam, which may lead to a 
fall. It was ensured that the beam was cleaned off 
mouse droppings after each trial with cotton wool 
soaked in 5% alcohol and allowed to dry before the 
next trial.

Open field test (OFT)
The OFT is a common method for exploratory behavior 
and general activity in rodents (39). It was carried out 
according to the method described by Eftimovet al. (40). 
The open field is a wooden, square arena (72 x 72 cm), 
36cm high and 20cm elevated above the ground 
surface. The floor is made of transparent glass with 
white paper placed directly underneath. The paper is 
equally divided into 16 large squares by bold black ink. 

A mouse was placed into the first square at one of the 
four corners of the open field. It is expected that the 
mouse leaves the square to explore the entire arena as 
a result of natural curiosity. They were observed for five 
minutes. The transfer latency (in seconds) to cross the 
first line, as well as the number of lines, crossed at the 
end of the session was recorded and analyzed with the 
aid of an overhead camera. After 5 minutes, the mouse 
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was returned to its home cage and the entire arena was 
cleaned with cotton wool soaked in 5% ethanol solution 
and allowed to dry before the next mouse is introduced.

Figure 1: Mice during an Open Field Test. (adopted by the authors 
in this study)

Statistical Analysis
Data were expressed as mean ± standard error of the 
mean (SEM) and analyzed using one-way analysis of 
variance (ANOVA), followed by Tukey's posthoc test to 
compare differences in the mean between groups. 
Values at p < 0.05 were considered statistically 
significant using SPSS version 23.0 (Armonk, NY: IBM 
Inc., USA, 2018).

Results
There was a significant increase (p = 0.002) in the 
number of foot slips observed in the reserpine group 
(3.60  ± 0.68) compared to the normal control. This 
was reduced by the administration of vitamins C 
(1.25 ± 0.63) and E (0.50 ± 0.29), and both vitamins 
(0.25 ± 0.25) at p = 0.002 (figure 2).

Figure 2: Number of foot slips by group while walking on the beam 
a  b(F = 6.584, p = 0.002). Superscripts and  indicate statistically 

significant difference compared to reserpine and normal control 
groups respectively (Control = normal control; Res = Reserpine;
Vit= vitamin).

The time taken to reach the safe platform was signifi-
cantly lessened (p = 0.0001) by vitamin E (5.50 ± 1.85s), 
vitamin C (8.00 ± 1.22s) and the co-administration of 
vitamins C and E (3.00±0.41s), compared to the 
reserpine group (36.60 ± 5.78s) at p < 0.001(table 1).

Groups  Time to reach the platform (s)  

Normal Control  8.60±1.81 a 

Res only (0.1 mg/kg)  36.60±5.78 b 

Res + Vit E (200 mg/kg)  5.50±1.85 a 

Res + Vit C (250 mg/kg)  8.00±1.22 a 

Res + Vit C + Vit E  3.00±0.41 a 

 

Table 1: Time taken to reach the safe platform by group on the beam-
walking test

a  bSuperscripts and  indicate statistically significant difference compared to 
reserpine and normal control groups respectively (F = 19.262, p = 0.000. 
Control = normal control; Res = Reserpine;Vit= vitamin).

The latency to leave the first square of the open field 
in the reserpine-only treated group was significantly 
(p = 0.005) increased (214.0 ± 64.16s) compared to the 
normal control. This  was  ameliorated  by  the adminis-

tration of vitamins C (116.7 ± 43.71s), E (1.0 ± 0.00s) 
and both vitamins (10.3 ± 1.45s) at p = 0.005 (table 2). 

Groups  Transfer Latency (s)  

Control  1.00±0.00 a 

Res only (0.1 mg/kg)  214.00±64.16 b 

Res + Vit E (200 mg/kg)  1.00±0.00 a 

Res + Vit C (250 mg/kg)  116.67±43.71 b 

Res + Vit C + Vit E  10.33±1.45 ab 

 
a  bSuperscripts and  indicate statistically significant difference compared to 

normal control and reserpine groups respectively (F = 7.461; p = 0.005. 
Control = normal control; Res = Reserpine;Vit= vitamin).

Table 2: Transfer latency of mice to leave the starting square on the 
open field

The co-administration of both vitamins C and E 
significantly increased (p = 0.0001) the number of lines 
crossed in the open field (56.0 ± 13.53), more than that 
produced by vitamin E (52.3 ± 5.69) and vitamin C 
(19.7 ± 4.63) as a single administration. However, a 
significant decrease was noted in the reserpine group 
(4.3±1.67) compared to the control (102.3±9.21) at 
p < 0.001 (figure 3).

Figure 3: Number of lines crossed by groups on the open field 
a b(F = 22.110, p = 0.000). Superscripts and  indicate statistically 

significant difference compared to control and reserpine only treated 
groups respectively (Control = normal control; Res= Reserpine;
Vit= vitamin).

Discussion
Movement disorders such as akinesia/dyskinesia, 
rigidity, tremors and postural instability are the cardinal 
motor symptoms of PD clinically required as part of 
the diagnostic criteria (41). From our result, there was 
a significant delay to reach the safe platform at the end 
of the beam with a corresponding increase in the 
number of foot slips in the reserpine group compared 
to the normal control. However, these were significantly 
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ameliorated by the pre-treatment with vitamins C and E 
as single administration as well as co-administration, 
and the greatest effect was noted in the co-administered 
group. These findings explain the akinesia and rigidity 
associated with dopamine depletion in PD. The difficulty 
in initiating voluntary movements observed in the 
reserpine group was very striking. This is what is 
referred to as dyskinesia, a cardinal feature of PD. It 
could be very distressing to the extent that the highest 
degree of concentration must be exerted to perform 
even the simplest movement. Even when movements 
do occur, they are usually met with stiff resistance and 
staccato in character instead of smooth.

There was also a significant latency in the reserpine 
group to cross the first line of the open field, which was 
significantly ameliorated by all the vitamin groups, with 
the greatest significance seen in the vitamin E treated 
group. Although not assessed in this study, this may be 
due to the ability of vitamin E to protect dopaminergic 
neurons against OS and degeneration (22). This finding 
agrees with the work of Dwivedi and Tomar (42), which 
also showed significantly severe hypokinesia both in 
terms of latency to leave the starting square of the OFT 
and the number of lines crossed. However, Nayak et al. 
(43) demonstrated the failure of vitamin E to protect 
against neurodegeneration in rat brains at a given dose, 
making the rats perform poorly in some motor 
coordination tasks. There was also a significant 
increase in the number of lines crossed following the 
co-administration of both vitamins compared to the 
reserpine group, and this effect was more profound 
than that observed following single administrations. 
This is probably due to the synergistic effects between 
vitamins C and E in neuroprotection as revealed by a 
number of other studies (32, 33).

The above findings showed significant motor impair-
ment induced by reserpine, which is in line with several 
studies (44-46). However, we demonstrated the 
neuroprotective efficacy of the antioxidants (vitamins 
C and E) against this impairment. This was more 
evidenced following the co-administration of the 
vitamins probably due to the synergism in their actions 
(34, 35), producing a complete antioxidant defense.

Conclusion
In this study, vitamins C and E produce significant 
amelioration of reserpine-induced motor impairment in 
mice, with a superior effect following co-administration 
of both vitamins compared to single vitamin admini-
stration. This suggests a great potential in slowing 
down a neurodegenerative process in NDDs like PD. 

However, this study is not without limitations such as 
possible modulation of vesicular monoamine trans-
porter 2 (VMAT-2) expression by these vitamins; their 
histological effects on the dopamine neurons in 
targeted areas of the brain; their effects on dopamine 
neurotransmitter itself together with other catechola
mines in different brain regions; effects of these vitamins 

at different doses; etc. Therefore, future researches 
should be focused on these directions.

Acknowledgement
No external source of funding was obtained for this 
study. However, we will like to appreciate Miss Bilha 
David, Mr Augustine Banlibo Dubo and Mal Ya'u who 
assisted with animal care and during the neuro-
behavioral assessment.

References

1.     Tanner CM, Aston DA. Epidemiology of Parkinson's disease and 

       akinetic syndromes. Current Opinions in Neurology, 2000; 13: 

       427-430

2.     Lee J, Hardy J, Revesz T. Parkinson's disease. The Lancet, 2009; 

       373 (9680): 2055-2066.

3.     Blesa J, Przedborski S. Parkinson's disease: animal models and 

       dopaminergic cell vulnerability. Frontiers in Neuroanatomy. 2014;

       DOI: 10.3389/fnana.2014.00155.

4.     Dorsey ER, Bloem BR. The Parkinson pandemic – a call to action. 

       Journal of American Medical Association - Neurology, 2018; 75(1): 

       9-10.

5.     Dorsey ER, Sherer T, Okun MS, Bloem BR. The emerging evidence 

       of the Parkinson pandemic. Journal of Parkinson's Disease, 2018; 

       8: 3-8.

6.    Fahn S. Parkinson disease, the effect of levodopa and the 

       ELLDOPA trial (earlier vs later L-dopa). Archives of Neurology, 

       1999; 56: 529–535.

7.     Schapira AHV. Present and future drug treatment for Parkinson's 

       disease. Journal of Neurology, Neurosurgery and Psychiatry,2005; 

       76: 1472-1478.

8.     Clark CE. Parkinson's disease. British Medical Journal,2007; 335

       (7617): 441-445.

9.     Davie CA. A review of Parkinson's disease. British Medical Bulletin,

       2008; 86: 109-127.

10.  Weinreb O, Amib T, Bar-Am O, Youdim M. Rasagiline: a novel anti

       parkinsonian monoamine oxidase-B inhibitor with neuroprotective 

       activity. Progress in Neurobiology,2010; 92:330-344.

11.  Gagne JJ, Power MC. Anti-inflammatory drugs and risk of 

       Parkinson's disease. Neurology, 2010; 74(12): 995-1002.

12.  Barreto GE, Larkov A, Moran EV. The beneficial effect of nicotine, 

       cotinine and its metabolites as potential agents for Parkinson's 

       disease. Frontiers in Aging Neuroscience. 2015;6(340). 

       DOI: 10.3389/fnagi.2014.00340.

13.  Joghataie, M. T., Roghani, M, Negahdar E, Hashemi L. Protective 

       effect of caffeine against neurodegeneration in a model of 

       Parkinson's disease in the rat: behavioural and histochemical 

       evidence. Parkinsonism and Related Disorders,2004; 10(8): 

       465-468.

14.  Saaksjarvi K, Knekt P, Rissanen H, Laaksonen MA, Reunanen A, 

       Mannisto S. Prospective study of coffee consumption and risk of 

       Parkinson's disease. European Journal of Clinical Nutrition,2008; 

       62(7): 908-915.

15.  Ozsoy O, Several-Celik Y, Hacioglu G, Yargicoglu P, Demir R, Agar A, 

       et al. The influence and the mechanism of docosahexanoic acid 

       on a mouse model of Parkinson's disease. 

       Journal of Neurochemistry International,2011; 59(5): 664-670.

16.  Schenkman M, Moore CG, Kohrt WM, HallDA, Delitto A, Comella CL, 

       et al. Effect of High-intensity treadmill exercise on motor symptoms 

       in patients with de novo Parkinson's disease (a phase 2 randomized 

       clinical trial). Journal of American Medical Association Neurology, 

       2017; DOI: 10.1001/jamaneurol.2017.3517.

17.  Zhou W, Barkow JC, Freed CR. Running wheel exercise reduces 

https://www.abms.udusok.org

doi.org/10.51658/ABMS.202122.3

Vitamins C and E protect against reserpine-induced motor impairment



Annals of Basic and Medical Sciences ISSN: 2782-7550 (Print) ISSN: 2782-7542 (Online)Vol. 2 No. 2 Jul. - Dec. 2021 110

       α-synuclein aggregation and improves motor and cognitive 
       function in a transgenic mouse model of Parkinson's disease. 
       PLoS ONE, 2017; 12(12): e0190160, 
       DOI: 10.1371/journal.pone.0190160
18.  StuckenschneiderT, Askew CD, Meneses AL, Baake R, Weber J, 
       Schneider S. The effect of different exercise modes on domain-
       specific cognitive function in patients suffering from Parkinson's 
       disease: a systematic review of randomized controlled trials. 
       Journal of Parkinson's Disease, 2019; 9(1): 73-95.
19.  Fahn, S. Parkinson disease, the effect of levodopa and the 
       ELLDOPA trial (earlier vs later L-dopa). Archives of Neurology, 
       1999; 56: 529-535
20.  Elmer LW, Hauser RA. Initial and disease-modifying strategies in 
       Parkinson's disease. In: Jankovic J. Parkinson's Disease: Medical 
       and Surgical Treatments. London, NW: Future Medicine Ltd. 2012; 
       pp. 24-38.
21.  Jenner P. Oxidative stress in Parkinson's disease. Annals of 
       Neurology, 2003; 53(3): 26-36
22.  Roghani M, Behzadi G. Neuroprotective effect of vitamin E on the 
       early model of Parkinson's disease in the rat: behavioral and 
       histochemical evidence. Brain Research,2001; 891(1): 211-217.
23.  Miyake Y, Fukushima W, Tanaka K, Sasaki S, Kiyohara C, Tsuboi Y, 
       et al. Dietary intake of antioxidant vitamins and risk of Parkinson's 
       disease: a case-control study in Japan. European Journal of 
       Neurology,2011; 18(1): 106-113.
24.  Harrison FE. A critical review of vitamin C for the prevention of 
       age-related cognitive decline and Alzheimer's disease. Journal 
       of Alzheimer's Disease, 2012; 29(4): 711-726.
25.  Khadkhodaee M, Khaster H, Faghihi M, Ghaznavi R, Zahmatkesh M. 
       Effects of co-supplementation of vitamins E and C on gentamycin-
       induced nephrotoxicity in rat. Experimental Physiology, 2008; 90(4), 
       doi: 10.1113/expphysiol.2004.029728.
26.  Tanko I,  Benjamin N,  Yahuza F,  Jimoh A,  Mohammed KA, 
       Muhammad A, et al. Ameliorative effect of l-ascorbic acid and 
       α- tocopherol co-administration on blood glucose levels and 
       some haematological indices on high fed fat diet-induced 
       diabetes on wistar rats. Nigerian Journal of Scientific Research,
       2014;13(2): 26-31.
27.  Faria RR, AbiloVC, Grassi C, Chinen CC, NegraoLTR, deCastro 
       JPMV, et al. Beneficial effects of vitamin c and vitamin e on 
       reserpine-induced oral dyskinesia in rats: critical role of striatal 
       catalase activity. Neuropharmacology, 2005; 48(7): 993-1001.
28.  Mahadik SP, Evans D, Lal H. Oxidative stress and role of anti-
       oxidant and omega-3 essential fatty acid supplementation in 
       schizophrenia. Progress in Neuropsychopharmacology, Biology 
       and Psychiatry, 2001; 25: 463-493.
29.  Kohen R, Nyska A. Oxidation of biological systems: oxidative 
       stress phenomenon, antioxidants, redox reaction and methods 
       for their quantification. Toxicologic Pathology, 2002; 30(6): 
       620-650.
30.  PowersSK, Jackson MJ. Exercise-induced oxidative stress: 
       cellular mechanisms and impact on muscle force production. 
       Physiology Review, 2008; 88(4): 1243-1276.
31.  Pillai A, Yao JK. Antioxidant interventions in neuropsychiatric 
       disorders. In: Dietrich-Muszalska A, Chauhan V, Grignon S. (eds.). 
       Studies on Neuropsychaitric Disorders: Oxidative Stress in Applied 
       Basic Research and Clinical Practice. New York, NY: Humana 
       Press, 2015; pp 505-520. doi: 10.1007/978-1-4939-0440-2_25.
32.  Baptista-Ortega J, Ruiz-Feria CA. L-Arginine and antioxidant 

       Vitamins E and C improve the cardiovascular performance of 
       broiler chickens grown under chronic hypobaric hypoxia. Poulty 
       Science. 2010;89(10): 2141-2146.
33.  Yarube IU, Ayo JO. The effects of ascorbic acid and α-tocopherole 
       on leukocyte count of sodium nitrate-treated Wistar rats. African 
       Journal of Biotechnology, 2011; 10(7): 1228-1232.
34.  Dawud FA, Mabrouk MA, Umar IA. Effects of vitamins C and E on 
       aspirin-induced gastric mucosal damage and oxidative stress. 
       Journal of Biological Sciences. 2014; 6(1): 36-41.
35.  Bursac-Metrovic M, Milovanovic DR, Mitic R, Jovanovic D, 
       Sovrlic M, Vasiljevic P, et al. Effects of L-ascorbic acid and alpha-
       tocopherol on biochemical parameters of swimming-induced 
       oxidative stress in serum of guinea pigs. African Journal of 
       Traditional, Complementary and Alternative Medicines. 2016; 13
       (4): 29-33.
36.  Sarmento-Silva JA, Lima RH, Cabral A, Meurer Y, Ribeiro AM, 
       Silva RH. Alpha-Tocopherol Counteracts Cognitive and Motor 
       Deficits Induced by Repeated Treatment with Reserpine. 
       Biochemistry and Pharmacology (Los Angeles)2014; 3: 153. 
       doi:10.4172/2167-0501.1000153. 
37.  Danboyi T, Jimoh A, Alhassan AW, Hassan-Danboyi E. Protective 
       effect of co-administration of vitamins C and E on reserpine-
       induced oxidative stress in mice. Journal of AfricanAssociation 
       of Physiological Sciences, 2019; 7(1): 30-37.
38.  Stanley JL, Lincoln RJ, Brown TA, McDonald LM, Dawson GR, 
       Reynolds DS. The mouse beam walking assay offers improved 
       sensitivity  over  the  mouse  rotarod  in  determining  motor 
       coordination deficits induced by benzodiazepines. Journal of 
       Psychopharmacology, 2005; 19(3): 221-227.
39.  Mital N,Manvar D, Desai T. Exploration of possible mechanisms 
       for anti-inflammatory activity of Ipomoea aquatica. International 
       Journal of Phytopharmacology,2015; 5: 110-118
40.  EftimovM,Dobreva C, Velkova D, Valcheva-Kuzmanova S. Effect 
       of Aroniamelanocarpa fruit juice on reserpine-induced hypokinesia 
       and oxidative stress in rats. ScriptaScientificaPharmaceutica, 
       2014; 1(2): 29-34.
41.  Jankovic J. Parkinson's disease: clinical features and diagnosis. 
       Journal of Neurology, Neurosurgery and Psychiatry, 2008; 79: 
       368-376.
42.  Dwivedi G, Tomar V. Protective effects of ipomoea aquatic against 
       reserpine-induced oxidative stress in brain using mice. International 
       Journal of Basic and Clinical Pharmacology,2016; 5(5): 2123-2129.
43.  Nayak P, Sharma SB, Chowdary NVS. Alpha-tocopherol supple-
       mentation restricts aluminium- and ethnol-induced oxidative 
       damage in rat brain but fails to protect against neurobehavioral 
       damage. Journal of Dietary Supplements, 2018; 
       10.1080/19390211.2018.1451940.
44.  Sanghavi CR, Barhate SA, Mahajan SM, Mohan M, Kasture SB. 
       Korean ginseng extract attenuates reserpine-induced orofacial 
       dyskinesia and improves cognitive dysfunction in rats. Natural 
       Product Research, 2010; 25(7): 704-715.
45.  Santos JR, Cunha JA, Dierschnabel AL, CampeloCL, Leao AH, 
       Silva AF, et al. Cognitive, motor and tyrosine hydroxylase temporal 
       impairment in a model of parkinsonism induced by reserpine. 
       Behavioral Brain Research, 2013; 253: 68-77.
46.  Hsiang-Chien T, Mao-Hsien W, Hung-Sheng S, Yi C,Kuo-Chi C. 
       Epigallocatechin-3-gallate prevents the reserpine-induced 
       impairment in short-term social memory in rats. Behavioral 
       Pharmacology, 2015; 26(8): 741-747.

https://www.abms.udusok.org

doi.org/10.51658/ABMS.202122.3

Vitamins C and E protect against reserpine-induced motor impairment


