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Abstract: The widespread use of creatine monohydrate as an ergogenic supplement has raised concerns regarding its potential
impact on renal structure and function. This study aimed to evaluate the nephrotoxic effects of creatine supplementation in male
rabbits and to investigate the possible protective role of ascorbic acid. Twenty adult male rabbits were randomly allocated into
four groups (n=5): control, ascorbic acid-treated, creatine-treated, and a combination of creatine and ascorbic acid. Plasma
creatinine and urea levels were measured as indicators of renal function, kidney TBARS levels were assessed to evaluate
oxidative stress, and histopathological examination was performed using H&E staining. Statistical analysis was conducted using
one-way ANOVA with significance set at p < 0.05. Creatinine levels were significantly reduced in the ascorbic acid group (0.58 =
0.020 g/dl) compared with control (1.00 + 0.074 g/dl), while the creatine group (0.86 £ 0.035 g/dl) showed no significant
difference from control. The combination group demonstrated intermediate values (0.72 + 0.045 g/dl). Urea levels ranged from
36.10 + 1.586 to 41.78 + 0.748 mg/dl, with the lowest value observed in the ascorbic acid group. Kidney weight was significantly
higher in the ascorbic acid group (17.580 + 2.768 g) and significantly lower in the creatine (10.946 + 0.652 g) and combination
groups (10.652 + 0.500 g) compared to control. TBARS levels showed no statistically significant differences among groups,
although a numerical decrease was noted in the combination group (4.4 £ 0.45 nmol/g tissue) compared to control (6.00 + 0.507
nmol/g tissue). Histopathological examination revealed normal renal architecture in both the control and ascorbic acid groups. In
contrast, the creatine-treated group exhibited marked structural alterations, including damaged renal corpuscles and detachment of
proximal tubular epithelial cells from their basement membranes. The combined treatment group showed persistent structural
damage similar to the creatine group, indicating no observable histological protection. In conclusion, creatine supplementation
induced notable renal structural alterations without marked changes in biochemical oxidative stress markers. Ascorbic acid alone
improved certain renal biochemical parameters but did not demonstrate a clear protective effect against creatine-induced
histopathological damage under the conditions of this study.
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Introduction

In recent years, the use of performance-enhancing supplements has
surged globally, with Creatine monohydrate being one of the most
widely consumed ergogenic aids among athletes and
bodybuilders[1-4]. While it is naturally synthesized in the body and
plays a critical role in energy metabolism, chronic or high-dose
supplementation has raised concerns regarding its impact on renal
physiology [5]. Because the kidneys are the primary organs
responsible for filtering creatinine—the metabolic byproduct of
creatine they are particularly susceptible to potential structural and
functional stress[6-10]. Prolonged exposure to elevated creatine
levels can lead to histological alterations within the renal
parenchyma, including  glomerular  congestion,  tubular
degeneration, and interstitial inflammation [11]. These changes are
often driven by oxidative stress, a process where an imbalance
between reactive oxygen species (ROS) and the body’s antioxidant
defenses leads to cellular damage [12]. To counteract these adverse
effects, researchers are increasingly investigating the efficacy of
exogenous antioxidants. Ascorbic Acid (Vitamin C) is a potent,
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water-soluble antioxidant known for its ability to scavenge free
radicals and stabilize biological membranes. By neutralizing
oxidative byproducts, Ascorbic Acid may offer a protective
mechanism against chemically-induced nephrotoxicity [13-15].
This study aims to evaluate the potential nephrotoxic effects of
creatine monohydrate on male rabbits a reliable biological model
for human renal studies and to investigate whether the
administration of Ascorbic Acid can mitigate or prevent the
resulting histological damage. Through microscopic examination
of renal tissues, this research seeks to provide clarity on the safety
margins of creatine and the protective therapeutic potential of
Vitamin C.

Materials and Methods

Twenty adult male rabbits were used in this study. The animals
were housed in a controlled environment with a 12-hour light/dark
cycle and provided with a standard pellet diet and water ad libitum.
All experimental procedures were conducted in accordance with
the institutional guidelines for the care and use of laboratory
animals. The rabbits were randomly assigned to four experimental
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groups (n=5 per group): Control Group: Received no treatment (or
vehicle). Ascorbic Acid Group: Treated with ascorbic acid.
Creatine (CrS) Group: Treated with creatine. Combination Group:
Treated with both ascorbic acid and creatine. At the end of the
treatment period, rabbits were euthanized, and blood samples were
collected to obtain plasma for biochemical analysis. The kidneys
were immediately excised and weighed using a sensitive digital
balance. Plasma levels of Creatinine (g/dl) and Urea (mg/dl) were
determined using commercially available diagnostic kits according
to the manufacturer's instructions. These parameters served as
indicators of glomerular filtration and renal clearance. To evaluate
oxidative stress in the renal tissue, Thiobarbituric Acid Reactive
Substances (TBARS) were measured in kidney homogenates. The
concentration of TBARS was expressed as nanomoles per gram of
tissue (nmol/g tissue), following the method of [16]. Kidney
samples were fixed in 10% neutral buffered formalin for 24 hours.
The tissues were subsequently dehydrated in ascending grades of
ethanol, cleared in xylene, and embedded in paraffin wax. Sections
of 5 $\mu$m thickness were cut using a microtome and stained
with Hematoxylin and Eosin (H&E). The slides were examined
under a light microscope to assess structural changes in the renal
corpuscles and proximal convoluted tubules. Statistical Analysis:
Data were expressed as Mean + Standard Error (SE). Statistical
significance was determined using a one-way analysis of variance
(ANOVA) followed by a post-hoc test for multiple comparisons.
Differences were considered statistically significant at p < 0.05.
Superscript letters (a, b, ¢) were used in the results to denote
significant differences between groups.
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Results

Table 1 shows statistically significant variations among the
experimental groups in several renal parameters. Plasma creatinine
levels were significantly reduced in the ascorbic acid group (0.58
0.020 g/dl, superscript ¢) compared with the control group (1.00 +
0.074 g/dl, a). The creatine group (0.86 + 0.035 g/dl, ab) did not
differ significantly from control, while the combined treatment
group (0.72 + 0.045 g/dl, bc) showed intermediate values with
partial statistical difference. Plasma urea levels ranged between
36.10 + 1.586 and 41.78 + 0.748 mg/dl. The lowest value was
recorded in the ascorbic acid group (36.10 + 1.586 mg/dl, b), while
the creatine group showed the highest level (41.78 + 0.748 mg/dl,
a). Control (40.27 + 0.55 mg/dl, ab) and combination (41.58 +
1.619 mg/dl, a) were not markedly different from the highest
group. Kidney weight demonstrated significant differences among
groups. The ascorbic acid group showed the highest mean value
(17.580 + 2.768 g, a), whereas the creatine (10.946 + 0.652 g, b)
and combination groups (10.652 + 0.500 g, b) showed significantly
lower values. The control group (15.200 + 0.435 g, ab) presented
intermediate values. Kidney TBARS levels ranged from 4.4 + 0.45
to 6.00 + 0.507 nmol/g tissue. All groups shared the same
superscript (a), indicating no statistically significant differences (p
< 0.05), although numerically the lowest value was observed in the
combination group (4.4 = 0.45 nmol/g tissue) compared with
control (6.00 + 0.507 nmol/g tissue).

Table 1. Plasma renal function test of male rabbits treated with ascorbic acid, Creatine (CrS), and their combination.

Experimental groups

Parameter

Ascorbic

Creatinine (g/dl)

Urea (mg/dl)

Kidney (g)

TBARS kidney (nmol/g
tissue)

Control

1.00 + 0.074%

Ascorbic acid

0.58 +0.020°

Creatine

0.86 + 0.035%

Creatine

0.72 + 0.045

40.27 + 0.55®

36.10 + 1.586"

41.78+0.748°

4158 +1.619°

15.200 + 0.435%®

17.580 + 2.768°

10.946 + 0.652°

10.652 + 0.500°

6.00+ 0.507%

54+ 057°

5.00 £ 0.79°

4.4+ 0.45°

The means + SE for each treatment group are provided; n = 5. When mean values within a row did not share a common superscript letter (a, b, or

¢), significant differences (p<0.05) were observed.
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Figure 1. Effects of ascorbic acid, CrS, and their combination on urea levels in male rabbits.
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Figure 2. Alterations Creatinine levels after male rabbits were treated with ascorbic acid, CrS, their combination.
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Figure 3. Changes in TBARS in the kidney when male rabbits are treated with ascorbic acid, CrS, and their combination.
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Figure 4. Changes weight of kidney treatment of male rabbits with ascorbic acid, CrS, and their combination

The following alterations were revealed by histopathological
analysis of rabbit kidney tissue from the several groups under
study: Control group: Figure 1/A shows normal kidney tissue free
of pathological alterations based on histological analysis. 2.
Ascorbic acid group: The histological analysis revealed no
pathological alterations and normal renal tissue (Figure 5/B). 3.
Creatine group: The cuboidal cells lining the proximal convoluted

tubules were completely separated from their basement
membranes, and the histological analysis revealed damaged renal
corpuscles (Figure 5/C). 4. Creatine + ascorbic acid group: The
histological analysis revealed no discernible protective benefit of
ascorbic acid against the destruction impact of creatine, as the
slides from this group still display the destructed effects of
creatine.

Figure 5. Histological kidney sections stained with H&E: (A) Normal kidney in control group (x20); (B—C) Normal renal tubules (x40) and
corpuscles (x20) in ascorbic acid group; (D—E) Damaged renal corpuscles and detachment of proximal tubule cells in creatine group (x40); (F)
No protective effect observed in creatine + ascorbic acid group (%20).

Discussion

The present study evaluated the effects of creatine monohydrate
and ascorbic acid, individually and in combination, on renal
biochemical markers, oxidative stress status, and histological
integrity in male rabbits. The findings demonstrate distinct
biochemical and structural responses among the experimental

groups. Plasma creatinine levels were significantly reduced in the
ascorbic acid group compared with the control group, indicating
improved renal functional status. In contrast, creatine
administration did not produce a statistically significant elevation
in creatinine relative to control, suggesting that under the present
experimental conditions, creatine supplementation did not
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markedly impair glomerular filtration [17]. The intermediate
creatinine value observed in the combined treatment group
suggests that co-administration of ascorbic acid did not
substantially modify the creatine-associated biochemical profile.
Plasma urea levels remained relatively stable across groups, with
only a modest decrease observed in the ascorbic acid-treated
animals[18-20]. The absence of significant urea elevation in the
creatine group indicates that creatine supplementation did not
induce pronounced disturbances in nitrogen metabolism or renal
clearance capacity. These biochemical findings suggest that
functional impairment, if present, was not severe enough to be
reflected in circulating urea concentrations [21-25]. Kidney weight
showed significant variation among groups. The increase observed
in the ascorbic acid group and the reduction in both the creatine
and combination groups may reflect treatment-related
physiological or structural changes. However, kidney weight alone
does not provide definitive evidence of either hypertrophy or
atrophy without correlation to histological findings[26-30].
Regarding oxidative stress, TBARS levels in renal tissue did not
differ significantly among groups, although a numerical decrease
was observed in the combined treatment group. The lack of
statistical significance may indicate that lipid peroxidation was not
markedly altered under the applied doses or duration of treatment,
or that the sample size limited the detection of subtle
differences[31-40]. Despite the relatively modest biochemical
alterations, histopathological analysis revealed clear structural
damage in the creatine-treated group. The observed detachment of
proximal tubular epithelial cells from the basement membrane and
damage to renal corpuscles indicate structural disruption at both
tubular and glomerular levels. Interestingly, co-administration of
ascorbic acid did not prevent these histological alterations, as
similar structural damage was observed in the combination group
[41]. This discrepancy between biochemical stability and
histological injury suggests that early structural changes may
precede detectable alterations in conventional plasma renal markers
[42]. Overall, the findings indicate that creatine supplementation
induced notable renal structural alterations without significant
changes in oxidative stress markers or marked elevations in plasma
urea. Ascorbic acid alone was associated with improved creatinine
levels but did not confer evident histological protection when
administered concurrently with creatine. These results highlight the
importance of integrating biochemical and histopathological
assessments when evaluating renal safety[34-46].

Conclusion: Creatine supplementation induced noticeable renal
histological alterations in male rabbits despite relatively stable
biochemical and oxidative stress markers. Ascorbic acid improved
plasma creatinine levels but did not demonstrate a protective effect
against  creatine-induced  structural renal damage when
administered concurrently.
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