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ABSTRACT: Oxidative stress induces imbalance between prooxidant and antioxidant level, 

which results in production of reactive oxygen species (ROS). The ROS in excess react with 

macromolecules of the cell- fatty acid, DNA, protein, and thus, cause damage the 

macromolecules surpassing the natural antioxidant defense mechanisms and thus, contributing 

several chronic diseases. Reserpine (0.38mg/kg body weight) was injected intraperitoneally in 

Wistar Albino rats to develop depression. The stressed rats were treated with orange fleshed 

sweet potato (OFSP) and carrot, and the nutraceutical- vitamin C. Depression alleviation was 

evaluated by analysis of plasma stress marker malondialdehyde (MDA), superoxide dismutase 

(SOD) and nitrous oxide (NO). The functional food and nutraceutical reduce oxidative stress 

indicated by biochemical stress markers- MDA level decline and SOD and NO rise 

significantly. Hence, the functional food and nutraceutical having antioxidant potential- 

phenols and carotenoids, may be effective in alleviation of stress induced depression.   
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INTRODUCTION 

 

Oxidative stress is induced due to biochemical imbalance between prooxidant and antioxidant 

level, which results in production of reactive oxygen species (ROS) surpassing naturally 

antioxidant defence mechanisms1. Antioxidants have a crucial role in maintenance of this 

balance2. Depression has been reported to be associated with oxidative stress3. 

 

Mitochondrial oxidative processes generate highly reactive free radical species, which, in 

excess, react with macromolecules of the cell- fatty acid, DNA, protein, and thus, cause damage 

the macromolecules. Functional foods and nutraceuticals (provide medical or health benefit)4 

are highly nutritious and are associated with a number of health benefits contributing to 

prevention and reduction of risk factors for several diseases or enhancing certain physiological 

functions5,6. It is because of containing high content of physiologically active antioxidant 
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polyphenols, B-carotene7. It has been reported that the functional food- orange fleshed sweet 

potato (OFSP), carrot and vitamin C contained antioxidant nutrients8-10, which can strongly 

scavenge the reactive free radical species. The present study, in order to reduce the oxidative 

stress induced by free radical species, attempted to evaluate the effect of the functional food 

and nutraceutical in alleviation of oxidative stress induced depression in rat model. 

 

MATERIALS AND METHODS 

 

Experimental Animal 

The experiment was conducted on 30 healthy Wistar albino rats of age 50-60 days and weight 

ranged between 90-140 g collected from Pharmacy department, Jahangirnagar University, 

Savar.   The animals were adapted for 7 days with basal diet and water in the animal house at 

the Institute of Nutrition and Food Science (INFS), University of Dhaka.  Ethical permission 

was taken from the Ethical Committee of the Faculty of Biological Sciences, University of 

Dhaka 

 

Depression Development 

An intraperitoneal injection of 0.38mg reserpine/kg body weight was given to 25 rats to induce 

oxidative stressed depression. This dose of reserpine has been reported to induce depression. 

The animals were grouped into A, B, C, and D containing 5 rats each group, the remaining 5 

rats was treated as normal control F.  Group A and B animals were fed with 25 g of boiled 

OFSPs and carrot respectively, and group C received 5 mg vitamin C. Group D was given an 

antidepressant- clomipramine 12.65 mg/kg body weight /day, which was treated as positive 

control. The group E was used as negative control and group F was control for basal diet.On 

the 15th day of experiment, the animals were sacrificed.  Blood samples were collected and 

processed to obtain plasma to freeze at -20oC to be used for analysis biochemical stress 

markers.      

 

Analysis of stress markers 

Stress makers malondialdehyde was determined by thiobarbituric acid assay method11. Briefly, 

1.0 ml of serum was added to 2.0 ml of TCA-TBA-HCl reagent, mixed and heated in boiling 

water for 15 minutes.  Cooling and separating the precipitate by centrifugation at 3000 rpm for 

15 minutes, the supernatant was read at 535 nm (UV-1201 UV-VIS, Shimadzu, Japan) and the 

result was calculated and expressed as nmol MDA/ml serum. Serum superoxide dismutase 

activity was estimated spectrophotometric method12, where 25 μl of serum was added to 500μl 

of Tris-EDTA buffer, read absorbance at 420 nm at zero time and, 500 μl of pyrogallol solution 

(0.2mM) was added and after 1 minute, absorbance was measured.  Deionized water instead of 

serum was used in blank.  Result was expressed in U/ml.  Serum nitrous oxide (NO) level was 

also analysed spectrophotometric method13. In short, 100 µl Griess Reagent was added to 300 

µl serum sample and 2.6mL of deionized water and incubated for 30 minutes at room 

temperature. The mixture was incubated for 30 minutes at room temperature and absorbance 

was read at 548 nm against reference blank sample. The result was presented in mmol/dl  

Statistic 
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SPSS software (22.0 version) was used for statistical analysis. Quantitative data were presented 

as mean±SD. ANOVA test was conducted to find out the difference between groups and within 

groups. When the differences were significant between groups, Post hoc Tukey test were 

conducted.  

 

RESULTS AND DISCUSSION 

 

Reserpine is a monoamine depletory that exerts a blockade on the vesicular monoamine 

transporter for neuronal transmission or storage, stimulating dopamine-autoxidation which can 

increase dopamine levels and oxidative catabolism by monoamine oxidase (MAO)13. The 

exacerbation of dopamine metabolism in basal ganglia, which are rich in monoamines, can lead 

to increase production of free radicals such as highly reactive hydroxyl radicals and auto-

oxidation of dopamine into dopamine quinones free radicals and superoxide anions which 

cause neurotoxicity14. 

 

The change in stress marker level is described in the table 1 and figures 1,2 and 3.  One-way 

analysis of variance showed significant alteration of the biomarkers among the groups. Tukey 

test also indicated significant difference compared to negative control.  The orange fleshed 

sweet potato (OFSP), carrot and vitamin C all made a strong reduction of malondialdehyde 

(p<0.001); OFSP and Carrot showed a significant rise of superoxide dismutase activity 

(p<0.04); and NO level was found significantly (p<0.034).  It indicated that OFS, carrot and 

vitamin C have had depression alleviation potential. This finding was consistent with the 

finding reported elesewhere15-18.  

 

It is suggested that various enzymatic and non-enzymatic systems attenuate reactive oxidative 

species (ROS). In oxidative stress, the defense capacities against ROS becomes insufficient, 

which affects the antioxidant defense mechanisms, reduces the intracellular concentration of 

glutathione (GSH)- one of the most important scavengers of (ROS), decreases  SOD activity 

and enhances lipid peroxidation1. SOD is an antioxidant enzyme capable of reducing 

superoxide radicals through converting superoxide radicals to H2O2 and H2O 19.  In the present 

study, a decrease in serum SOD, which was found to rise significantly by OFSP and carrot 

treatment. Some trauma conditions have been reported to decrease SOD level20,21. The rise of 

SOD in OFSPs was value is unpredictable, and the data quality (SD value) was found very 

poor. 

 

Increased ROS concentrations reduce the amount of bioactive NO by chemical inactivation to 

form toxic peroxynitrite22, which acts as free radicals. Evidence suggests that in inflammation 

state, NO production increases substantially and in association with ROS contributes to 

oxidative stress, where NO play roles in neurodegenerative disorder and serve as neurotoxin23. 

In the study, treatment with vitamin C resulted in increase of plasma NO level significantly.  

As the functional food- orange fleshed sweet potato and carrot contain a rich amount of 

antioxidant phytochemicals such as carotenoids, phenols as well as vitamin C8-10, they act as 

strong antioxidant, and thus, reduce oxidative stress and alleviate depression.   
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Table 1: Change in stress markers (mean±SD) in different groups of animals                                     

  

Groups MDA nmol/ml) SOD (U/ml) NO (µM/L) 

OFSP -A      1.34±0.829 3.38±3.131 0.98±0.113 

Carrot-B 2.43±0.365 2.24±1.200 1.19±0.159 

Vitamin C 2.75±0.625 1.97±0.245 1.26±0.398 

Clomipramine- D 3.39±0.287 2.03±0.365 1.17±0.165 

Negative control-E 8.29±1.073 1.29±0.342 1.54±0.072 

Basal Diet-F 4.94±1.426 2.03±0.809 0.94±0.072 

OFSP= Orange Fleshed Sweet Potato, MDA= Malondialdehyde, SOD= Superoxide dismutase, 

NO=Nitric Oxide 

 

The rise of SOD in OFSPs was value is unpredictable, and the data quality (SD value) was 

found very poor 

Significance  

ANOVA 
F (5, 24) =86.44, 

p=<0.001 

F (5, 24) = 2.73, 

p=0.04 

F (5, 24) =2.92, 

p=.034 

Tukey test 
F vs OFSP, Carrot, 

vitamin C 

F vs OFSP, Carrot, 

vitamin C 

F vs OFSP, Carrot, 

vitamin C 

 
p=0 .000, 0.000, 

0.000* 

p= 0.042, 0.034*, 

0.577 

p=0.969, .0190, 

0.05* 

 

 

 
Figure 1: Serum MDA level among groups, significantly difference (p<0.05). 
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Figure 2: Serum SOD level among groups, significantly difference (p<0.05). 

 

 
Figure 3: Serum NO level among groups, significantly difference (p<0.05). 
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CONCLUSIONS 

 

The functional food orange fleshed sweet potatoes carrot and the vitamin C nutraceutical 

reduces serum malondialdehyde and increase nitrous oxide and SOD concentration, indicating 

relieve of oxidative stress and thus, might alleviate depression. It could be suggested that 

regular and effective use of orange fleshed sweet potatoes, carrots and vitamin C may benefit 

in depression.  
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