:{ﬁ wss:2sa2 5843
@ V¥ @ World Journal of Biology Pharmacy and Health Sciences
 /10\ 1 eISSN: 25825542 s
Cross Ref DOI: 10.30574/wjbphs i

WJ B F) H S Journal homepage: https://wjbphs.com/ o

(RESEARCH ARTICLE) R) Check for updates

Dose-dependent effects of vitamin C on oxidative stress and kidney function in Albino
Rats

John Chimerenka Ifenkwe 1 * and Uzochukwu Alozie Ononuju 2

1 Department of Chemical Pathology and Molecular Diagnosis, Faculty of Medical Laboratory Science, Federal University
Otuoke, Bayelsa State, Nigeria.
2 Department of Transfusion Medicine, Boston Children’s Hospital, Boston, Massachusetts, United States of America.

World Journal of Biology Pharmacy and Health Sciences, 2025, 21(02), 471-475
Publication history: Received on 08 January 2025; revised on 18 February 2025; accepted on 21 February 2025

Article DOI: https://doi.org/10.30574/wijbphs.2025.21.2.0196

Abstract

Vitamin C is an essential nutrient that plays a crucial role in various body functions. While it is generally considered
safe, high-dose administration has raised concerns about potential toxicological effects. This study aimed to investigate
the toxicological effects of high-dose vitamin C administration in animal models. 80 male albino rats which were divided
into four groups: Control, Low-dose (100 mg/kg), Medium-dose (500 mg/kg), and High-dose (1000 mg/kg) vitamin C
administration were used for the study. Vitamin C was administered orally once daily for 28 days. Oxidative stress and
kidney damage were assessed using standard biochemical assays. 4-Hydroxynonenal (4-HNE) levels were measured to
assess oxidative stress while urea and creatinine levels were measured to assess the possible effects on the kidneys.
Our results show that high-dose vitamin C administration caused significant increases in oxidative stress and kidney
dysfunction in rats. These findings suggest that high-dose vitamin C administration may have adverse effects on health,
and its use should be approached with caution.

Keywords: Vitamin C; High dose; Oxidative stress; Kidney dysfunction; 4-Hydroxynonenal; Toxicity

1. Introduction

Vitamin C is an essential nutrient that plays a vital role in maintaining various bodily functions, including immune
response, collagen synthesis, and iron absorption [1]. The recommended dietary allowance (RDA) for vitamin C is 60-
90 mg/day for adult men and 75 mg/day for adult women. [2]. Recent studies have investigated the effects of vitamin C
on oxidative stress and kidney function, particularly in animal models. For instance, research has demonstrated that
vitamin C treatment can significantly ameliorate the progression of proteinuria and albuminuria in diabetic rats by
reducing renal malondialdehyde (MDA) accumulation, a marker of oxidative stress [3-5]. Additionally, vitamin C has
also been shown to decrease apoptosis of proximal tubular epithelial cells and mitigate glomerular injury in such models
[3]. Furthermore, studies have indicated that vitamin C, in combination with other antioxidants like curcumin, can
improve renal function and oxidative stress parameters in animal models with induced kidney damage. This
combination therapy has been associated with decreased levels of urea, uric acid, and creatinine, alongside improved
antioxidant enzyme activities, suggesting a protective effect against renal oxidative damage [6]. Due to its antioxidant
properties and other perceived health benefits, many individuals consume vitamin C supplements in excess of the RDA.

However, high-dose vitamin C administration has raised concerns about potential toxicological effects. Previous studies
have reported that high doses of vitamin C can cause gastrointestinal disturbances, kidney stones, and oxidative stress
[7-9]. The mechanisms underlying these effects are not fully understood, and there is a need for further research to
elucidate the potential risks associated with high-dose vitamin C administration.
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The correlation between vitamin C dose and its impact on oxidative stress and renal function seems to be intricate.
Although moderate doses may provide protective advantages, high-dose vitamin C therapy has elicited concerns over
potential pro-oxidant effects, resulting in heightened oxidative stress and eventual renal dysfunction. This paradoxical
outcome highlights the significance of dosage consideration in the therapeutic use of vitamin C.

Considering the prevalent utilization of vitamin C supplements and the continuous investigation of their therapeutic
potential, it is essential to comprehend the dose-dependent effects of vitamin C on oxidative stress and renal function.
This research seeks to examine these effects in albino rats, offering information that may guide the safe and effective
application of vitamin C in clinical contexts.

2. Materials and methods

2.1. Study Design

This study employed a randomized controlled design using 80 male albino rats that weighed between 150-200g. They
were housed in metal cages at the animal house of Bayelsa Medical University, Yenagoa, Bayelsa State. All the animals
underwent a period of 7 days of observation and acclimatization between the date of arrival and the start of treatment.
They were divided into four groups with 20 rats in each group: Control, Low-dose (100 mg/kg), Medium-dose (500
mg/kg), and High-dose (1000 mg/kg) vitamin C administration.

Vitamin C was administered orally to the animals in the different experimental groups once daily for 28 days. The
administration volume was 10 ml/kg and the quantity of vitamin C administered to each animal was calculated from its
body weight on the day of the treatment. The rats in the control group were treated with distilled water at the same
administration volume as the rest of the treatment groups.

2.2. Sample Collection

At the end of the 28th day treatment, samples of blood were withdrawn from the orbital sinus of the rats from each
group, under light ether anesthesia. The collected blood samples were centrifuged at 10,000 rpm for 10 minutes to
separate the serum.

2.3. Laboratory Procedures

The separated sera were used to evaluate the levels of 4-Hydroxynonenal (4-HNE), urea and creatinine. Fine Test rat 4-
Hydroxynonenal ELISA kit was used to determine the levels of 4-HNE. [10] RANDOX Urease-Berthelot Colorimetric
method kit was used to measure urea levels [11] and also RANDOX Creatinine kit was used to determine creatinine
levels. [12]

2.4. Statistical Analysis

Data were analyzed by one-way analysis of variance (ANOVA) and Tukey HSD Post-Hoc test using Graph Pad Prism
(version 9.5.1) software. The results were expressed as means and standard deviations. Statistical significance was
considered at a 95% confidence interval (P<0.05).

3. Results

Table 1 represents the means * standard deviations of 4-HNE (4-Hydroxynonenal), urea, and creatinine measured in
animals in the four study groups. The table shows that the Medium-Dose group had the lowest level of 4-HNE (15.22 +
1.87pg/ml) while the highest level was observed in the High-Dose group (21 * 1.72pg/ml). The observed differences
among the groups (ANOVA) were significant (p-value < 0.001). Urea levels were significantly different between groups,
with the High-Dose group having the highest levels (6.12 + 1.56mmol/1) and the Control group with the lowest levels
(4.56% 1.32mmol/1). Creatinine levels were equally significantly different between groups, with the High-Dose group
having the highest levels (37.5 * 2.87 umol/1) and the Low-Dose group with the lowest levels (26.7 + 2.11 pmol/I).
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Table 1 Mean values of 4-HNE, Urea and Creatinine Levels in Rats Administered with Different Doses of Vitamin C.

World Journal of Biology Pharmacy and Health Sciences, 2025, 21(02), 471-475

N Group 4-HNE (pg/ml) Urea Creatinine
(mmol/1) (umol/1)
20 | Control 16.87 + 1.65 456 +1.32 27.2+2.53
20 | Low-Dose(100mg/kg) 16.40 +1.78 4.60 +1.44 26.7+2.11
20 | Medium-Dose(500mg/kg) 15.22 +1.87 521+1.41 31.4+3.01
20 | High-Dose(1000mg/kg) 21+1.72 6.12 +1.56 37.5+287
P Value <0.001 0.003 <0.001

The Tukey Post Hoc analysis (Table 2) shows pair-wise comparisons between Control, Low, Medium, and High dose
groups for the three measured parameters. There were no significant differences in the measured levels of 4-HNE
between the Control and Low Dose groups (p = 0.832) as well as between the Low and Medium Dose groups (p = 0.155).
Comparisons between Control and Medium Dose (p = 0.020), Control and High Dose (p < 0.001), Low Dose and High
Dose (p < 0.001), and Medium Dose against High Dose (p < 0.001) all showed significant differences.

Comparison of Urea levels among the four study groups showed significant differences between Control and High Dose
(p=0.005) as well as between Low Dose and High Dose (p = 0.007) only, with higher urea levels in the High Dose group.

Other comparisons were not significant.

The differences in the levels of creatinine were significant among the four groups except for Control versus Low Dose
which showed no significant difference (p = 0.933).

Table 2 Comparison of the Levels of 4-HNE, Urea and Creatinine among the Four Study Groups.

Study Group 4-Hydroxynonenal (P Value) | Urea Creatinine (P Value)
(P Value)

Control vs Low Dose 0.832 0.100 0.933

Control vs Medium Dose 0.020 0.483 <0.001

Control vs High Dose <0.001 0.005 <0.001

Low Dose vs Medium Dose | 0.155 0.538 <0.001

Low Dose vs High Dose <0.001 0.007 <0.001

Medium Dose vs High Dose | < 0.001 0.195 <0.001

4. Discussion

The results show that the High-dose group (1000mg/kg) had significantly higher 4-HNE levels compared to all other
groups (p < 0.001). This suggests that high doses of vitamin C may induce oxidative stress. 4-HNE is a highly reactive
aldehyde that is formed as a result of lipid peroxidation. During lipid peroxidation, the lipid hydroperoxides formed can
undergo homolytic cleavage, resulting in the formation of 4-HNE. 4-HNE being highly reactive, can react with proteins,
DNA, and other bio-molecules, leading to their modification and potential dysfunction [13].This can activate
inflammatory signaling pathways, leading to the production of pro-inflammatory cytokines and the recruitment of
immune cells. [14]. Furthermore, 4-HNE has been linked to the development of various diseases, including
atherosclerosis, cancer, and neurodegenerative diseases [15-16]. In Contrast with expected antioxidant effects, a high
dose of vitamin C (1000mg/kg) exhibited a pro-oxidant effect contradicting the expected antioxidant effects. This
highlights the complexity of its mechanisms and potential dose-dependent effects. The observed pro-oxidant effect of
high dose vitamin C can lead to the above-mentioned pathological conditions.

The mean value of urea increased with increasing doses of vitamin C, with the highest value observed in the High-Dose

group (6.12 + 1.56). The ANOVA result for urea indicated a P value of 0.003, indicating a significant urea level difference
between the three groups. This suggests that high-dose vitamin C supplementation may lead to increased urea
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production, potentially indicating kidney dysfunction. The Tukey post hoc analysis showed that high-dose vitamin C
administration leads to a significant increase in urea levels compared to the Control and Low-Dose groups. Medium-
dose vitamin C administration does not have a significant impact on Urea levels when compared to the Control group.
Low-dose vitamin C administration also does not have a significant impact on urea levels. There is no significant
difference in urea levels between the Medium-Dose and High-Dose groups. These findings suggest that high-dose
vitamin C administration may have adverse effects on kidney function, as indicated by increased urea levels. The results
also show that both the Medium Dose and High Dose groups had significantly higher creatinine levels compared to the
Control and Low Dose groups (p < 0.01). This suggests that medium to high doses of vitamin C (500 and 1000mg/kg)
may be associated with kidney damage or impaired kidney function.

Limitations and Future Directions

Despite these findings, this study is not without limitations. Firstly, the use of a single animal model may limit the
generalizability of the results to humans. Secondly, the study primarily focused on oxidative stress and renal function
markers, without exploring other potential systemic effects of high-dose vitamin C. Future research should investigate
the long-term impacts of high-dose vitamin C on other organ systems and its potential synergistic effects with other
antioxidants.

5. Conclusion

In summary, this study underscores the importance of understanding the dose-dependent effects of vitamin C on
oxidative stress and renal function. While low to moderate doses exhibit protective effects, high doses may lead to
adverse outcomes, highlighting the need for caution in clinical applications and supplementation practices.
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