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Abstract: Diabetes mellitus, a complex metabolic disorder characterized
by hyperglycemia. Objective: This study aimed to evaluate the protective
effect of beta-aminobutyric acid (BABA) on streptozotocin (STZ)-
induced diabetes in male rats, by studying its effect on Malondialdehyde
(MDA), and urea. Thirty adult male albino rats models of diabetes
mellitus were randomly assigned to six groups of five pets each, age of
(8-10 weeks). All rats were in good health, with weights ranging from
140 to 160 grams, Positive control groups treated with normal saline,
Negative control groups treated only with streptozotocin, Group A treated
with 50 mg/kg of STZ then BABA, Group B treated with 100 mg/kg
strptozotocin then BABA, Group C treated with 150 mg/kg of

strptozotocin then BABA, and Group D treated with 200 mg/kg of
strptozotocin then BABA. Enzyme-linked immunosorbent assay (ELISA)
was utilized to evaluate MDA, and urea levels in serum. The results of
the study show MDA levels elevated in the rats studied (Control -,A, B,
C, and D) which recorded (4.47 +1.93 mg/dl), (3.01 £0.76 mg/dl), (3.07
+0.41 mg/dl), and (2.04 £0.22 mg/dl), compared control group(4.61
+0.15 mg/dl), results indicate high levels of urea in the groups of rats
studied (Control -,A, B, C, and D) which recorded (115.33% 39.01)
mg/dl, (107.67+22.25)mg/dl, (70.67+22.06)mg/dl, (73.00+13.65)mg/dl,
and (57.67+3.71) mg/dl, compared to control+ (44.33+£3.48)mg/dl. The
results indicated correlation coefficient between weight and sugar Level
is 0.027. This indicates a very weak positive correlation between the two
variables, that there is no significant linear relationship between weight
and sugar level in rats studied. BABA plays an important protective role
as an antioxidant against STZ-induced oxidative stress.
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associated with diabetes, oxidative stress and kidney
dysfunction are particularly significant, as they
contribute to the development of diabetic nephropathy
and other systemic complication [1,2].

1. Introduction

Type 2 diabetes mellitus (T2DM) is a chronic metabolic
disorder characterized by insulin resistance, impaired
glucose metabolism, and progressive pancreatic -cell

dysfunction. The global prevalence of T2DM has Streptozotocin (STZ) is a chemical extracted from the

reached alarming levels, posing serious health, social,
and economic burdens. Among the many complications
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bacteria Streptomyces achromogenes. It is characterized
by its ability to damage beta cells (B-cells) in the
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pancreas, which are responsible for producing insulin[3].
It results in a sharp decrease in insulin production due to
the loss of a large number of beta cells, leading to high
blood glucose levels and a disease similar to type 1
diabetes[4, 5]. Although numerous drug treatments are
available, there is growing interest in researching new,
more effective treatments with fewer side -effects,
particularly those based on bioactive and natural
compounds.

Malondialdehyde (MDA), a key marker of oxidative
stress, is a byproduct of lipid oxidation and an indicator
of cell damage caused by reactive oxygen species (ROS).
Elevated levels in diabetic patients have been closely
associated with increased oxidative stress and the
development of diabetic complications[6, 7]. Another
important biochemical marker is urea, a nitrogenous
waste product that reflects kidney function. Diabetes is
often accompanied by impaired kidney function, which
can lead to elevated serum urea levels and further
complicate disease progression[8, 9].

Beta-amino butyric acid (BABA) has emerged as a
promising compound that may play an important role in
regulating metabolic and immune responses, making it a
potential treatment option for diabetes[10]. Studies have
shown that BABA has the ability to stimulate protective
mechanisms at the cellular and molecular levels, helping
mitigate damage associated with high blood glucose
levels and improve insulin sensitivity[11].

2. Methodology
Subject

Thirty adult male albino rats models of diabetes mellitus
were randomly assigned to six groups of five pets each,
age of (8-10 weeks). All rats were in good health, with
weights ranging from 140 to 160 grams. After the
acclimatization period, the rats were given three doses of
strptozotocin, one every three days. The rats also
received oral therapeutic doses of B-aminobutyric acid,
four doses every three days, and one dose via daily
gavage for 30 days.

Treatments of Streptozotocin

Streptozotocin  (STZ) was acquired from Sigma
Chemical Company, St. Louis, Missouri, USA, in 1 g
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vials. Diabetes was produced by oral administration of a
newly prepared solution of STZ. Administered (60
mg/kg body weight) in 0.1 M cold citrate buffer (pH 4.5)
to overnight-fasted rats. Due to STZ's potential to induce
lethal hypoglycemia by excessive pancreatic insulin
release, the rats were maintained on a 5% glucose
solution for the subsequent 24 hours to avert
hypoglycemia [12].

Treatments of BABA

Beta-aminobutyric acid (BABA) acquired from Sigma-
Aldrich, St. Louis, Missouri, USA, in 25 g vials, was
diluted in  distilled  water and thereafter
delivered administered to rats daily via gastric gavage at
a dosage of 50, 100, 150, and 200 mg/kg body weight
every day for a duration of 3 weeks.

Collection of blood samples

After completing the designated 30-day experiment
period, the animals were subjected to a night of
starvation lasting 10 hours. Subsequently, their final
weight was measured. Following this, the animals were
anesthetized using a chloroform solution. 4 ml of blood
samples were collected from each animal through
cardiac puncture using specialized syringes was placed
into test tubes without anticoagulants. The serum was
acquired by centrifugation between 2500 -3000 rpm. It
was then preserved at a temperature of -20°C in fresh
plastic ~ containers  until  specific  biochemical
examinations were conducted [11].

Animals groups

The treatments administered were tailored to the specific
requirements of the experiment: Groups A,B, C and
treated with streptozotocin (STZ) then 50, 100, 150, 200
mg/kg of body weight of BABA respectively, a Positive
control group treated with 2ml normal saline and
Negative control group treated only with streptozotocin.

Blood glucose levels

Blood glucose levels were assessed utilizing an Accu-
check blood glucose meter (Roche Diagnostics, Basel,
Switzerland) from tail vein blood samples collected 72
hours post-STZ produced by oral administration.
Equation 1 is used to estimate the glucose level per unit
body weight .Rats with blood glucose levels over 250
mg/dl were classified as diabetic[11].
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ELISA test

The enzyme-linked immunosorbent assay (ELISA) was
utilized to evaluate the serum concentrations of
Malondialdehyde (MDA) and urea .The antibodies for
MDA and urea were precoated on the plates of the
ELISA. The chromogenic response in substrate solutions
is related to the concentration of MDA and urea after
putting the samples on plates. The cessation of the
process was achieved through the introduction of a stop
solution, followed by the quantification of absorbance at
a wavelength of 450 nm .The level of MDA and urea,
were measured in serum by using (Sunlong, China).

Ethics approval

The Experimental protocols and animal usage (protocol
number264 - 26/12/2024) have been authorized by the
Institutional Animal Ethics Committee, and all
procedures adhered strictly to the ethical standards
established by Anbar University.

Statistical analysis

The Statistical Analysis System- SAS (2018) program
was used to detect the effect of difference factors in
study parameters. Chi-square test was used to significant
compare between percentage (0.05 and 0.01 probability)
in this study [13].

3. Results and discussion
Concentration of Malondialdehyde

Malondialdehyde (MDA) is an important biomarker that
reflects the level of damage caused by oxidative stress in
the body. The higher its level, the more oxidative
damage there is, and the lower it is, the better the
condition and less cellular damage. The results shown in
Figure 1 indicate changes in MDA levels in the studied
animal groups. The healthy group (Control+) recorded
the lowest MDA level (2.57 £0.17 mg/dl), reflecting the
normal physiological state of the cells, free from the
harmful effects of oxidative stress.

The negative group (Control-), which was treated only
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with streptozotocin (STZ), an oxidative stress inducer,
MDA levels increased sharply to (4.61 +£0.15 mg/dl), the
highest level among all groups. This increase indicates
severe oxidative damage to the cells as a result of the
effects of STZ.

For the groups treated with BABA after STZ
administration, the results showed a gradual decrease in
MDA levels with increasing BABA dose, indicating a
clear protective effect. In group A (50 mg/kg), MDA
levels increased to (4.47 £1.93 mg/dl), similar to the
control+. In group B (100 mg/kg), MDA levels increased
to (3.01 £0.76 mg/dl), indicating further improvement in
cellular protection. Group C (150 mg/kg) showed a
further increase in MDA, reaching (3.07 £0.41 mg/dl), a
level closer to the normal range. Group D (200 mg/kg)
recorded (2.04 £0.22 mg/dl), a level very close to the
negative group, reflecting the significant negative effect
of the high dose of STZ in increasing oxidative damage.

Streptozotocin (STZ) is responsible for causing type 2
diabetes in rats. It damages pancreatic beta cells, which
secrete insulin, resulting in the production of free
radicals, such as reactive oxygen species (ROS)[14].
These free radicals damage cell membranes by oxidizing
lipids. When lipids in cell membranes are oxidized,
MDA is produced, a key indicator of oxidative stress.
Oxidative stress may be linked to hyperglycemia and the
overproduction of free radicals. When rats were given a
dose of STZ, there was a marked increase in free radical
production, leading to a significant increase in MDA
levels in serum and tissues, particularly the liver and
kidneys. This increase reflects widespread oxidative
damage, which is a major cause of chronic diabetic
complications such as nephropathy and neuropathy. The
results of the current study indicate a decrease in MDA
levels upon dosing with BABA[15]. The hypothesized
mechanism of action of BABA can be explained by its
stimulation of endogenous antioxidant systems such as
glutathione peroxidase (GPx), catalase (CAT), and SOD,
which are enzymes that work to remove free radicals and
reduce their toxic effects. Thus, BABA reduces damage
to cell membranes and improves cellular stability in
affected tissues, contributing to a reduction in
biomarkers of oxidation such as MDA[16]. The results
of the current study are consistent with many studies that
have indicated the protective role of BABA in reducing
oxidative stress induced by STZ, GABA reduces the
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content of MDA in the liver and kidney of diabetic rats
[15, 17, 18].
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Fig 1: Comparison between difference
groups in MDA

The results in Figure 2 represent serum urea levels in the
experimental groups of rats treated with different doses
of BABA following diabetes induction using STZ. The
results revealed that the negative group (control-), which
was treated only with STZ, showed the highest serum
urea levels (115.33+39.01) mg/dl. This indicates the
toxic effect of STZ on the kidneys due to oxidative stress
and hyperglycemia, which leads to kidney damage and
dysfunction, leading to the accumulation of metabolites
such as urea in the blood. The positive group (Control+)
showed the lowest urea levels (44.33+3.48) mg/dl,
reflecting normal renal function and the absence of toxic
or metabolic effects affecting nitrogen excretion. From
results indicate that diabetes mellitus resulted in a
significant (p<0.05) increase in serum urea in STZ-
treated animals compared to normal controls. The treated
groups (A, B, C, and D), which were first induced with
diabetes using STZ and then treated with increasing
concentrations of BABA, showed a gradual decrease in
urea levels as the BABA dose increased. Group A (50
mg/kg) recorded (107.67+22.25)mg/dl, showed a slight
improvement compared to the negative group, but urea
levels remained relatively high, indicating the onset of a
mild protective effect. Groups B (100 mg/kg) and C (150
mg/kg) recorded (70.67+22.06)mg/dlI, and
(73.00+13.65)mg/dl, showed a more pronounced
decrease in urea levels, indicating a better treatment
response as the dose increased. Group D (200 mg/kg),
recorded (57.67+3.71) mg/dl, showed the greatest degree
of renal protection, with urea levels approaching those of
the control group, Injecting the studied animals with
BABA compound led to a significant decrease (p<0.05)
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in the concentration of kidney function in the blood
serum, demonstrating the potent and potential effect of
BABA in mitigating the nephrotoxic effects of STZ.
When blood glucose levels are consistently high, as -
3particularly in the Kkidneys. This stress causes
progressive damage to nephrons (the kidney's primary
filtering units), impairing the kidney's ability to eliminate
metabolic waste products, such as urea, causing a
significant increase in its levels[19]. This increase is an
early sign of diabetic nephropathy. In contrast, when
injected with BABA, we notice a decrease in urea levels,
these results suggest that BABA possesses potential
antioxidant or anti-inflammatory properties that may
contribute to protecting the kidneys from damage
resulting from STZ-induced diabetes. The results also
reinforce the hypothesis that the effect of BABA is
directly dose-dependent, with the higher the dose, the
better the biomarker[20].
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Fig 2: Comparison between difference
groups in Urea

Figure 3 represents the relationship between weight and
blood sugar level for the group of animals studied. From
the results, we find that in some areas, especially when
the weight is low (less than approximately 170 kg), we
notice high sugar values, while at higher weights
(between 180 - 230 kg), sugar levels mostly range
between 90 - 140 mg/dl. The results indicated correlation
coefficient between Weight and Sugar Level is 0.027.
This indicates a very weak positive correlation between
the two variables, suggesting that there is no significant
linear relationship between weight and sugar level in this
dataset.
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Fig 3: The relationship between sugar levels and animal body
weight

Conclusion

The present study demonstrated that beta-aminobutyric
acid (BABA) exhibits a protective effect against
oxidative stress and renal dysfunction in male rats with
type 2 diabetes induced by streptozotocin (STZ). BABA
administration significantly reduced malondialdehyde
(MDA) levels, indicating decreased lipid peroxidation
and improved oxidative status. Additionally, a noticeable
reduction in urea levels was observed, suggesting
enhanced renal function. These findings highlight the
potential therapeutic role of BABA in mitigating
diabetes-induced biochemical alterations, particularly
oxidative damage and kidney impairment. Further
studies are recommended to confirm these results and
explore the clinical applications of BABA in human
diabetic management.

Funding Information

This is a self-funded article.

Author’s Contributions

Mohammed A. Jasim (Theory, plan, supervision,
revision); Shams Al-NAqqgash (Methodology, write).

Ethics

This study was conducted under approval by the medical
ethics committee at the University of Anbar (2025).

References

1. Yazdani, Z., Rafiei, A., Golpour, M.,
Zafari, P., Moonesi, M., & Ghaffari, S.
(2020). IL-35, a double-edged sword in

18

cancer. Journal of Cellular
Biochemistry, 121(3), 2064-2076.

Ye, C., Yano, H., Workman, C. J., &

Vignali, D. A. A. (2021). Interleukin-
35: Structure, Function and Its Impact
on Immune-Related Diseases. Journal
of Interferon and Cytokine Research,

41(8), 391-406.

Jiang, H., Zhang, T., Yan, M. X., &
Wu, W. (2019). IL-35 inhibits CD8+ T
cells activity by suppressing expression
of costimulatory molecule CD28 and
Th1 cytokine production. Translational
Cancer Research, 8(4), 1319-1325.

Zhu, J., Wang, Y., Li, D., Zhang, H.,
Guo, Z., & Yang, X. (2020).
Interleukin-35 promotes progression of
prostate cancer and inhibits anti-tumour
immunity. Cancer Cell International,
20(1), 1-13.

Choi, J. K., & Egwuagu, C. E. (2021).
Interleukin 35 Regulatory B Cells.
Journal of Molecular Biology, 433(10),
166737.

Gao, X., Tang, Y., Kong, L., Fan, Y.,
Wang, C., & Wang, R. (2023). Treg
cell: Critical role of regulatory T-cells
in depression. Pharmacological
Research, 195, 106732.

Wu, D., Wang, L., Hong, D., Zheng, C.,
Zeng, Y., Ma, H., & et al. (2022).
Interleukin 35 contributes to
immunosuppression by regulating
inflammatory cytokines and T cell
populations in the acute phase of sepsis.
Clinical Immunology, 235, 108915.

Bhardwaj, V., & Ansell, S. M. (2023).
Modulation of T-cell function by
myeloid-derived suppressor cells in



Al-nagqgash et al,. Al-kufa journal for biology, 2025, vol. 17 issue: 3, page 14-20
DOI: https://doi.org/10.36320/ajb/v17.i3.20101

10.

11.

12.

13.

14.

hematological malignancies. Frontiers
in Cell and Developmental Biology, 11,
1129372.

Swatler, J., Turos-Korgul, L.,
Kozlowska, E., & Piwocka, K. (2021).
Immunosuppressive cell subsets and
factors in myeloid leukemias. Cancers,
13(1), 1-30.

Yang, P. X., Wang, P., Fang, L., &
Wang, Q. (2022). Expression of Tregs
and IL-35 in Peripheral Blood of
Patients with Newly Diagnosed Acute
Myeloid Leukemia. Zhongguo Shi Yan
Xue Ye Xue Za Zhi, 30(6), 1688-1692.

El Zahaby, F. A., Shoeib, S. M., Taha,
A. M., & Hazzaa, S. M. E. (2024).
Study of serum interleukin 35 level in
patients with acute myeloid leukemia.
International Journal of Clinical and
Diagnostic Pathology, 7(1), 1-7.

Ahmed, H. A., Maklad, A. M., Khaled,
S. A A., & Elyamany, A. (2019).
Interleukin-27 and interleukin-35 in de
novo acute myeloid leukemia:
Expression and significance as
biological markers. Journal of Blood
Medicine, 10, 341-349.

McKeage, K., & Lyseng-Williamson,
K. A. (2017). Decitabine in newly
diagnosed acute myeloid leukaemia: a
profile of its use in the EU. Drugs &
Therapy Perspectives, 33, 505-514.

Santini, V., Lubbert, M., Wierzbowska,
A., & Ossenkoppele, G. J. (2022). The
Clinical Value of Decitabine
Monotherapy in Patients with Acute
Myeloid Leukemia. Advances in
Therapy, 39(4), 1474-1488.

19

15.

16.

17.

18.

19.

20.

Roos Hilberink, J. (2024). Decitabine in
the treatment of acute myeloid
leukemia: Clinical aspects and
Immunological opportunities.
Gildeprint Publishing.
www.gildeprint.nl

Kim, Y. J., Li, Z., Maiti, A., Tanaka, T.,
Uryu, H., Furudate, K., & et al. (2023).
Single-Cell Proteogenomics Analysis of
AML Samples Treated with Decitabine
and Venetoclax Reveals Divergent
Treatment Escape Mechanisms. Blood,
142, 2931.

Gu, X., Tohme, R., Tomlinson, B.,
Hasipek, M., Durkin, L., Schuerger, C.,
& et al. (2020). Resistance to decitabine
and 5-azacytidine emerges from
adaptive responses of the pyrimidine
metabolism network. bioRxiv.
https://doi.org/10.1101/2020.02.20.958
405

Li, Z., Guo, J. R., Chen, Q. Q., Wang,
C.Y., Zhang, W. J., Yao, M. C., & et
al. (2017). Exploring the antitumor
mechanism of high-dose cytarabine
through the metabolic perturbations of
ribonucleotide and deoxyribonucleotide
in human promyelocytic Leukemia HL-
60 Cells. Molecules, 22(3), 499.

Doval, D., Kumar Sharma, S., Kumar,
M., Khandelwal, V., & Choudhary, D.
(2020). Cytarabine ears — A side effect
of cytarabine therapy. Journal of
Oncology Pharmacy Practice, 26(2),
471-473.

Hao, Y., Ji, M., Jin, S., Li, W., Zhou,
Y., Jia, R., & et al. (2024). Medium-
cumulative dose of cytarabine in
consolidation therapy shows the
greatest benefit in AML patients.


http://www.gildeprint.nl/
https://doi.org/10.1101/2020.02.20.958405
https://doi.org/10.1101/2020.02.20.958405

Al-nagqgash et al,. Al-kufa journal for biology, 2025, vol. 17 issue: 3, page 14-20
DOI: https://doi.org/10.36320/ajb/v17.i3.20101

Holistic Integrative Oncology, 3(1),
e20240521.

21. Sadeghi, M., Moslehi, A., Kheiry, H.,
Kiani, F. K., Zarei, A., Khodakarami,
A., & etal. (2024). The sensitivity of
acute myeloid leukemia cells to
cytarabine is increased by suppressing
the expression of Heme oxygenase-1
and hypoxia-inducible factor 1-alpha.
Cancer Cell International, 24(1), 1-14.

22. Marrero, R. J., Nicolet, D., Shastri, V.
M., Mrozek, K., Walker, C. J., Blum,
W., & et al. (2023). Impact of
Cytarabine Pharmacogenomics on
Survival of Adolescent and Young
Adults with AML and Its Clinical
Relevance in Black Patients. Blood,
142, 2954,

23. Pereira-Vieira, J., Weber, D. D., Silva,
S., Barbosa-Matos, C., Granja, S., Reis,
R. M., & etal. (2024). Glucose
Metabolism as a Potential Therapeutic
Target in Cytarabine-Resistant Acute
Myeloid Leukemia. Pharmaceutics,
16(4), 1-17.

20



