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ABSTRACT 

BACKGROUND. Diabetes mellitus represents a systemic metabolic disorder characterized by persistent hyperglycemia, which 
induces oxidative stress and impairs endogenous antioxidant defense mechanisms, thereby contributing to the pathogenesis 
and progression of diabetic complications. The streptozotocin (STZ)-induced diabetes mellitus model is widely recognized as a 
reliable experimental system for investigating oxidative stress–related alterations that underlie disease pathogenesis. Vitamin 
D is increasingly recognized as a regulator of antioxidant and immunomodulatory pathways; however, the relative efficacy of its 
preventive and therapeutic administration in diabetes mellitus remains insufficiently investigated, particularly at early stages of 
disease development. 
OBJECTIVES. This study aimed to evaluate the impact of preventive and therapeutic vitamin D supplementation on antioxidant 
status during the early stage of STZ-induced experimental diabetes mellitus. 
METHODS. Forty male rats (10 weeks old, 200±13.4 g) were randomly assigned to four groups: a control (intact) group, an STZ-
induced diabetes mellitus group, a preventive vitamin D group (supplemented for 14 days prior to STZ administration and 
continued throughout the experiment), and a therapeutic vitamin D group (in which supplementation was initiated on day 3 
after STZ administration). Experimental diabetes mellitus was induced by intraperitoneal injection of streptozotocin (30 mg/kg), 
and vitamin D was administered orally at 300 IU/day. Measurements were performed on day 7. Blood samples were analyzed 
for glucose, catalase (CAT), superoxide dismutase (SOD), vitamin D, and calcium levels. 
RESULTS. In the STZ-induced diabetic group, antioxidant enzyme levels were significantly reduced compared with the control 
group. Preventive vitamin D administration was not associated with meaningful changes in these parameters. In contrast, 
therapeutic vitamin D treatment significantly improved antioxidant defense, as reflected by increased catalase and superoxide 
dismutase levels compared with the STZ diabetic group. No significant differences in calcium levels were observed among 
experimental groups, suggesting that the antioxidant effects of vitamin D are independent of calcium homeostasis. 
CONCLUSIONS. STZ-induced diabetes mellitus impairs antioxidant defenses, while short-term therapeutic vitamin D improves 
antioxidant status, whereas preventive administration does not result in biologically relevant changes at the early stage. 
KEYWORDS. Catalase; Early-stage antioxidant defense; Experimental diabetes mellitus; Streptozotocin; Superoxide dismutase; 
Vitamin D. 
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BACKGROUND 

iabetes mellitus is a heterogeneous metabolic 
disease characterized by sustained 
hyperglycemia resulting from absolute insulin 

deficiency and/or reduced insulin sensitivity, leading 
to impaired cellular glucose uptake and disrupted 
carbohydrate metabolism. 1 Diabetes mellitus 
continues to expand as a global public health concern, 
with a progressively increasing prevalence. 2 Despite 
differences in etiology and clinical presentation—
including type 1 diabetes mellitus, type 2 diabetes 

mellitus, gestational diabetes mellitus, and other 
specific variants such as latent autoimmune diabetes 
in adults (LADA), maturity-onset diabetes of the young 
(MODY), and secondary diabetes mellitus—all forms 
are characterized by persistent hyperglycemia. This 
hyperglycemia is a major contributor to tissue damage 
and the development of chronic complications. 
Among the underlying mechanisms, oxidative stress 
plays a central role in mediating hyperglycemia-
induced cellular and vascular damage. 3,4 In the 
literature, it has been demonstrated that 
hyperglycemia-induced oxidative stress is initiated at 
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the early stages of diabetes mellitus and progressively 
intensifies as the disease develops, contributing to the 
onset and progression of diabetic complications. 5-7 
Early-stage oxidative stress is therefore considered a 
critical phase in disease development, as it triggers 
molecular and cellular alterations that ultimately lead 
to structural and functional complications in diabetes 
mellitus. 8,9 In experimental models, including 
streptozotocin-induced diabetes, alterations in 
antioxidant enzymes such as superoxide dismutase 
and catalase have been observed at early stages, 
reflecting an initial disruption of redox homeostasis. 
10,11 Accordingly, assessing these enzymes provides a 
reliable approach for evaluating early oxidative 
stress–related changes, as targeted interventions at 
this stage may influence subsequent disease 
progression. 

Streptozotocin (STZ)-induced experimental 
diabetes mellitus is a well-established, internationally 
recognized model widely used to investigate 
hyperglycemia-induced oxidative stress and the 
associated redox imbalance. STZ induces 
hyperglycemia by selectively cytotoxicity to 
pancreatic β cells, leading to enhanced oxidative 
stress and impairment of antioxidant defense 
systems, thereby providing a suitable model for 
evaluating antioxidant responses and therapeutic 
strategies. 12,13 

Vitamin D is a fat-soluble secosteroid hormone 
with diverse systemic effects. While traditionally 
recognized for its essential role in calcium 
homeostasis and bone metabolism, an expanding 
body of evidence highlights its diverse biological 
functions, including its regulatory influence on 
antioxidant mechanisms. 14,15 However, evidence 
comparing preventive and therapeutic vitamin D 
supplementation, as well as its time-dependent 
progression, remains limited, particularly regarding 
early-stage antioxidant responses in diabetes mellitus. 

We hypothesized that vitamin D supplementation 
may affect early antioxidant responses in diabetes 
mellitus. Therefore, we aimed to determine whether 
preventive versus therapeutic vitamin D 
supplementation modulates early-stage antioxidant 
responses in a Streptozotocin-induced diabetes 
model. 

 

METHODS 

An experiment was conducted on 40 male rats (non-
breed-specific), aged 10 weeks and weighing 
200±13.4 g at baseline. Only male rats were included 
because they are generally more sensitive to 
streptozotocin (STZ) than females, and to avoid 
potential confounding effects related to hormonal 
fluctuations.16 Animals were housed under standard 
laboratory conditions (24±1°C, 55±5% humidity, 12-
hour light/dark cycle) and fed a standard laboratory 
rat diet with free access to water. 

Rats were randomly assigned into four 
experimental groups (n=10 per group): (I) a control 
(intact) group, (II) a diabetic group comprising rats 
with STZ-induced diabetes mellitus without vitamin D 
supplementation, (III) a preventive group in which rats 
received vitamin D supplementation for 14 days prior 
to STZ administration and throughout the 
experimental period, and (IV) a therapeutic group in 
which vitamin D supplementation was initiated on day 
3 post-STZ injection and continued until the end of the 
study. Outcome assessments were conducted on day 
7. 

The vitamin D dose was selected based on a 
preliminary dose–response experiment evaluating 
daily oral doses of 30, 150, 200, 300, 400, 600, and 800 
IU/day to minimize the risk of hypercalcemia while 
identifying an effective therapeutic range. Higher 
doses (400–800 IU/day) tended to raise serum calcium 
levels toward the upper end of the physiological 
range. The 300 IU/day dose maintained calcium levels 
within the normal range without approaching the 
upper threshold and was therefore selected for the 
present study. Vitamin D was administered orally once 
daily to mimic the natural route of intake. 

Experimental diabetes mellitus was induced by a 
single intraperitoneal injection of freshly prepared STZ 
in 50 mM sodium citrate buffer (pH 4.5). Rats in the 
diabetic, preventive, and therapeutic groups received 
STZ at 30 mg/kg. To ensure STZ stability, solutions 
were prepared immediately before injection, and 
administration was completed within 10 minutes. All 
animals were fasted prior to STZ injection. Following 
the injection, rats were provided with 10% sucrose 
solution. Diabetes induction was confirmed on day 3 
post-injection by measuring fasting blood glucose 
levels using a glucometer. Diabetes mellitus was 



 

Georgian Biomedical News. 
ISSN (Online): 2720-8796 ISSN (Print): 2720-7994.  

Downloaded from gbmn.org. For personal use only. No other uses without permission. 
Copyright © 2022. All rights reserved. 

VOLUME 4. ISSUE 2. APRIL-JUNE  2026

defined as a fasting blood glucose level exceeding 19 
mmol/L, accompanied by polyuria. 

Body weight and fasting blood glucose levels were 
recorded at baseline (day 1, prior to STZ injection) and 
on day 7. Blood glucose levels were monitored 
throughout the study using a Contour Plus glucometer 
(Ascensia Diabetes Care, Basel, Switzerland), with 
blood samples obtained via tail vein puncture to 
confirm the stability of the diabetic state. 

Blood samples were collected after an 18-hour 
fast, and vitamin D administration was discontinued 1 
day prior to blood collection. Serum glucose 
concentration was determined using the glucose 
oxidase–peroxidase (GOD–POD) enzymatic 
colorimetric method (BIO-LABO, France) measured on 
a semi-automated biochemical analyzer (URIT-880, 
China). Serum antioxidant enzyme levels were 
evaluated by measuring catalase (CAT) and 
superoxide dismutase (SOD) using FineTest ELISA kits 
(Fine Biotech Co., Ltd., China) according to the 
manufacturer's instructions. Catalase results were 
expressed in mIU/mL, and superoxide dismutase 
results in ng/mL. 

Statistical analyses were performed using the 
licensed software OriginPro 8.1. Data are presented as 
mean±standard deviation (SD). The normality of data 
distribution was assessed using the Shapiro–Wilk test, 
and homogeneity of variances was evaluated using 
Levene's test. Differences among groups were 
analyzed using one-way analysis of variance (ANOVA), 
followed by Tukey's honestly significant difference 
(HSD) post hoc test for multiple comparisons when 
overall statistical significance was detected. A p-value 
< 0.05 was considered statistically significant. Effect 
size was estimated using eta squared (η²), calculated 
as the ratio of the between-group sum of squares 
(SS_between) to the total sum of squares (SS_total): 
η²=SS_between/SS_total.  Effect sizes were 
interpreted according to conventional thresholds: 
0.01 (small), 0.06 (moderate), and ≥0.14 (large). 
Percentage changes in experimental groups were 
calculated relative to the control group. 

All animal experiments were conducted in 
accordance with institutional regulations and 
internationally accepted guidelines for the care and 
use of laboratory animals. The study protocol was 
reviewed and approved by the Ethics Committee of 

Tbilisi State Medical University (Protocol No. 60-1002, 
approved 10 February 2023). All procedures were 
performed to minimize animal pain and distress and 
in accordance with the principles of the 3Rs 
(Replacement, Reduction, and Refinement). 

RESULTS 
The antioxidant effects of Vitamin D supplementation 
in a streptozotocin-induced diabetes mellitus rat 
model are represented in TABLE 1. 

TABLE 1. Effects of preventive and therapeutic vitamin D 
administration on antioxidant parameters in streptozotocin 
(STZ)-induced diabetes mellitus on experimental day 7 

 CAT (mIU/mL) SOD (ng/mL) Ca (µmol/L) 

Groups Mean±SD 
vs. 

Control 
(%) 

Mean±SD 
vs. 

Control 
(%) 

Mean±SD 
vs. 

Control 
(%) 

Control 302.2±3.8 0 7.4±0.65 0 2.40±0.20 0 

STZ Control 277.8±2.1 −8.1 5.57±0.49 −24.8 2.40±0.02 0 

Preventive 
STZ+Vit D 

281.6±2.7 −6.8 5.37±0.47 -27.4 2.44±0.04 +1.7 

Therapeutic 
STZ+Vit D 

406.5±5.0 +34.5 8.30±0.30 +12.2 2.50±0.03 +4.2 

ANOVA  
p-value 

p=2.26×10⁻¹⁰ p=2.11×10⁻⁴ p=0.59 

Effect size η²=0.997 η²=0.90 η²=0.20 

Abbreviations: Ca, calcium; CAT, catalase; SD, standard deviation; SOD, 
superoxide dismutase; STZ, streptozotocin; Vit D, vitamin D 

Catalase and superoxide dismutase (SOD) were 
markedly altered in the STZ-induced diabetic group 
compared with the control group, with catalase 
decreasing by approximately 8.1% and SOD 
decreasing by 24.8%, reflecting an oxidative 
imbalance. Preventive vitamin D administration did 
not result in meaningful changes in antioxidant 
enzyme activity, with only a marginal increase in 
catalase (~1.4%) compared with the STZ-induced 
diabetic group. In contrast, therapeutic vitamin D 
treatment resulted in a pronounced restoration of 
antioxidant defense, with catalase activity increasing 
by approximately 46% and SOD levels by 
approximately 49% relative to the STZ-induced 
diabetic group, indicating a marked improvement. 

No significant differences in calcium levels were 
observed among experimental groups, suggesting 
that vitamin D did not exert a major effect on calcium 
homeostasis under the present conditions. 
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DISCUSSION 
In the present study, we found that vitamin D 
differentially modulates early-stage antioxidant 
responses in STZ-induced experimental diabetes 
mellitus. In particular, therapeutic vitamin D improved 
antioxidant defense, whereas preventive 
administration did not result in meaningful changes at 
this stage. 

Hyperglycemia-induced oxidative stress plays a key 
role in the pathogenesis of diabetes mellitus. 
Streptozotocin (STZ) is a well-established and 
experimentally validated model for investigating the 
effects of interventions on redox imbalance. The 
induction of an experimental hyperglycemic state with 
STZ is widely used because of its selective toxicity 
toward pancreatic β-cells. The observed alterations in 
antioxidant parameters, including catalase activity 
and superoxide dismutase levels, following STZ 
administration enabled evaluation of vitamin D's 
short-term effects on oxidative damage. 

Catalase is a key antioxidant enzyme that catalyzes 
the breakdown of hydrogen peroxide, thereby 
protecting cells against oxidative damage. STZ 
administration reduced catalase activity, consistent 
with previous basic research and the authors' earlier 
studies. 17,18 This reduction is associated with the 
chronic hyperglycemia induced in this study, which 
promotes oxidative stress, overwhelms antioxidant 
defense systems, facilitates protein glycation, and 
may impair antioxidant enzymes, including catalase. 
19,20 Consequently, hydrogen peroxide and other 
reactive oxygen species accumulate, leading to tissue 
damage characteristic of diabetic neuropathy and 
other complications. 21 

Elevated oxidative stress, depletion of endogenous 
antioxidant enzymes, and reduced catalase activity 
disrupt the body's antioxidant defense system. Our 
study demonstrated that prophylactic vitamin D 
administration resulted in only a slight increase in 
catalase activity, indicating a limited protective effect. 
In contrast, therapeutic vitamin D administration 
increased catalase activity above control levels. These 
results suggest that vitamin D may enhance 
antioxidant defense mechanisms following the 
development of oxidative stress. Several studies have 
reported that vitamin D increases the expression of 
antioxidant enzymes and reduces oxidative damage 

by modulating cellular signaling pathways and anti-
inflammatory mechanisms. 22,23 

The decrease in catalase activity observed in our 
experiments was paralleled by similar changes in 
superoxide dismutase (SOD) activity, a key antioxidant 
enzyme that dismutates superoxide radicals to 
hydrogen peroxide. In the STZ-induced diabetes 
group, SOD levels were significantly lower than in the 
control group, confirming the presence of oxidative 
stress. Treatment with vitamin D significantly 
increased SOD levels compared with the STZ diabetic 
group. This improvement suggests that vitamin D may 
help restore antioxidant balance. Vitamin D has been 
shown to regulate oxidative stress by modulating 
mitochondrial function, reducing inflammation, and 
activating antioxidant pathways. The observed 
increase in SOD levels in the treatment group supports 
the hypothesis that vitamin D plays an important role 
in enhancing antioxidant defenses under conditions 
associated with increased reactive oxygen species 
(ROS). 

Unlike catalase and superoxide dismutase (SOD), 
calcium levels did not differ significantly between the 
experimental groups. STZ administration did not 
induce notable alterations in this parameter, and 
vitamin D treatment resulted in only a slight, 
statistically nonsignificant increase. This relative 
stability may suggest that calcium homeostasis is 
preserved during the early stages of STZ-induced 
metabolic disturbances. Accordingly, the observed 
improvements in antioxidant defense are likely 
attributable to vitamin D's regulatory effects on 
oxidative stress pathways. 

The significant increase in CAT and SOD observed 
in the group receiving therapeutic vitamin D 
underscores vitamin D's potential to modulate 
oxidative stress and enhance antioxidant defense 
mechanisms. 

However, several limitations of this study should 
be considered. First of all, only male rats were 
included, in accordance with recommendations 
outlined in STZ guidelines. Secondly, although the 
selected dose was based on prior dose-control 
experiments to avoid the risk of hypercalcemia, using 
a single dose is a limitation, as dose-dependent effects 
were not assessed. These aspects should be taken into 
consideration in future investigations. 
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CONCLUSIONS 
To conclude, the present study demonstrated that 
STZ-induced hyperglycemia significantly impairs 
antioxidant defense systems. Therapeutic vitamin D 
administration, even for a short duration, led to a 
more pronounced improvement in antioxidant 
parameters. In contrast, preventive administration did 
not produce biologically relevant changes during the 
early stage of STZ-induced diabetes mellitus. 
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