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Abstract

Diabetes mellitus is a complex metabolic disorder characterized by hyperglycemia.
This study aimed to evaluate the protective effect of beta-aminobutyric acid (BABA)
on streptozotocin (STZ)-induced diabetes in male rats, by studying its impact on
glucose-dependent insulinotropic polypeptide (GIP), glucagon-like peptide-1 (GLP-
1), signal peptide, CUB and EGF-Like domain-containing protein 1/2 (SCubel/2),
and Resistin (RETN) pathways. Thirty adult male rats with diabetes mellitus were
randomly assigned to six groups of five rats each, aged 6-8 weeks. Healthy with
weights (140 to 160 grams), positive control treated with 2ml normal saline, negative
control groups treated only with streptozotocin, groups treated with 50, 100, 150, 200
mg/kg of streptozotocin (STZ), then BABA, respectively. f-aminobutyric acid was
administered twice weekly via oral gavage for 30 days following STZ induction at
varying concentrations across the groups. Enzyme-linked immunosorbent assay
(ELISA) was used to evaluate serum levels of GIP, GLP-1, SCUBEI and SCUBE2,
and RTN. The expression levels of the resistin (RES) gene and the preproglucagon
(GCG) gene were assessed using the reverse transcription-quantitative polymerase
chain reaction (QRT-PCR) technique. At the end of the experiment periods, blood was
collected after overnight fasting. Triplicate technical sampling for all assays was
studied. The results showed decreases in GIP, GLP-1, SCube %, and RTN Ilevels.
Though treatment with BABA significantly enhanced those parameters, leading to
elevated GIP and SCube 1/2 and reduced RTN, demonstrating a therapeutic effect that
positively affects metabolic function. Group C1 treated with STZ followed by
150mg/kg BABA showed the highest GCG expression level (3.70635), which was
significantly higher than that of other groups. On the other hand, A2 treated with STZ
and 100 mg/kg BABA showed a decline in GCG expression with a fold change of
0.00458. Furthermore, the Bl and C1 groups displayed significantly higher RES
expression levels (7.26015 and 3.09513, respectively) than the control groups. These
findings support further investigation of BABA as a novel therapeutic compound for
modulating metabolic and inflammatory pathways in type 2 diabetes
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1. Introduction

Diabetes is a severe chronic disease that arises when insulin generation is insufficient or the
generated insulin cannot be used in the body, resulting in a long-term metabolic disorder.
Diabetes affects an estimated 537 million adults worldwide between the ages of 20 and 79
(10.5% of all adults in this age range) [1]. By 2030, 643 million people will have diabetes
globally, increasing to 783 million by 2045. According to the IDF '°th edition, the incidence of
diabetes has been rising in Southeast Asia (SEA) nations for at least 20 years, and current
estimates have outperformed all previous forecasts [2].
Streptozotocin (STZ) is the most widely used diabetogenic agent in experimental animals to
create models of type 1 and type 2 diabetes (hybrid), depending on diet and dose [3]. Short-
chain fatty acids (SCFA) have emerged as promising compounds that may play an important
role in regulating metabolism, making them a potential treatment option for diabetes [4].
Research indicates that BABA can activate protective mechanisms at both cellular and
molecular levels, aiding in mitigating damage associated with elevated blood glucose levels
while enhancing insulin sensitivity [5]. B-aminobutyric acid (BABA) acts as a potent
immunomodulator by inducing a "defense primed" state in cells, enhancing the immune
response to oxidative stress caused by hyperglycemia. BABA exhibits antioxidant effects by
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elevating the activity of defence enzymes, such as SOD, CAT, and GPx, thereby reducing
oxidative damage in liver and pancreatic tissue.

Previous studies indicated that BABA interacts with cellular signalling pathways, including
those involved in tissue inflammation, thereby reducing the expression of inflammatory
cytokines (TNF-a and IL-6). Moreover, BABA supports the production of phenols and other
secondary metabolites that alleviate chronic oxidative stress. BABA doesn’t directly target free
radicals, but it resets physiological responses in a protective and stimulatory manner. Glucose-
Dependent Insulinotropic Polypeptide (GIP), a hormone secreted by K cells in the small
intestine upon food intake, plays an essential role in promoting insulin secretion from the
pancreas [6-9].

Glucagon-like peptide-1 (GLP-1), an incretin hormone released from the small intestine
cells after food ingestion. It plays a crucial role by releasing insulin after stimulating the
pancreas' response, regulating blood sugar levels [10]. GLP-1 affects in vivo and in vivo
regeneration of B-cells by differentiation and neogenesis, due to the role of GLP-1 / GLP-1R
signaling in the differentiation of pancreatic endocrine cells upon their development [11].
SCubel and SCube2 are surface proteins that regulate various processes, including vascular
development, inflammation, and cell signaling [12].

In particular, SCubel has been linked to thrombosis and vascular inflammation; it
contributes to the risk of cardiovascular complications in diabetic individuals [13].
Correspondingly, SCube2 regulates inflammatory pathways, thereby disrupting glucose
metabolism and contributing to insulin resistance [13]. Increased levels of SCube 1/2 may serve
as indicators of diabetic progression, positioning these proteins as biomarkers for disease
severity assessment [14].

The preproglucagon genes may encode glucagon and other hormones (such as GLP-1)
related to maintaining blood glucose balance [15]. GLP-1 increases insulin secretion during
glucagon release, thereby improving blood sugar regulation. Preproglucagon plays a significant
role in glucose metabolism disorders and in the improvement of treatments targeting those
pathways [16].

BABA can cure alloxan-induced diabetes by enhancing DNA fragmentation [5]. This study
aimed to evaluate the potential therapeutic effects of BABA on Sprague-Dawley diabetic rats
induced with STZ, focusing on molecular pathways regulating glucose.

1.2 Materials and methods:
1.2.1 Animals

Six groups of Sprague Dawley male rats (5 rats each) with 8-10 weeks. All rats were in good
health, with weights ranging from 140 to 160 grams. The experimental protocols and animal
use (protocol number CHREC/11/2022) have been authorised by the Institutional Animal
Ethics Committee, and all procedures have adhered strictly to the ethical standards established
by Anbar University. After the acclimatization period, the rats received three doses of
streptozotocin, administered one every three days. The rats also received oral therapeutic doses
of B-aminobutyric acid, which was administered twice weekly via oral gavage for 30 days
following STZ induction at varying concentrations across the groups:
Control (+): Positive control groups treated with 2 mL of normal saline
Control (-): Negative control groups treated only with streptozotocin.
Groups A, B, C, and D: treated with STZ and a concentration of 50, 100, 150, and 200 mg/kg
of body weight, then BABA, respectively.
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1.2.2 Collection of blood samples

After completing the designated 60-day experimental period, the animals were subjected to
a 10-hour period of starvation overnight. Subsequently, their final weight was measured.
Following this, the animals were anesthetized using a chloroform solution. 10 ml of blood
samples were collected from each animal through cardiac puncture using specialized syringes.
Divide this blood into 5 ml and place it into test tubes without anticoagulants. The serum was
acquired by centrifugation at 2500 -3000 revolutions (rpm). It was then preserved at a
temperature of -20°C in fresh plastic containers until specific biochemical examinations were
conducted [11]. The remaining 5 ml of blood was placed in Trizol tubes and kept frozen at
—20°C for molecular analysis.

1.2.3 ELISA test

The enzyme-linked immunosorbent assay (ELISA) was utilized to evaluate the serum
concentrations of glucose-dependent insulinotropic polypeptide (GIP), (GIP-1), resistin
(RETN), signal peptide, CUB, and EGF-like domain-containing protein 1 (SCUBE1), signal
peptide, CUB, and EGF-like domain-containing protein 2 (SCUBE2). The antibodies for GIP,
GIP-1, RETN, SCUBE]I, and SCUBE2 were precoated on the ELISA plates. The chromogenic
response in substrate solutions is related to the concentration of GIP, GIP-1, RETN, SCUBEI1,
and SCUBE2 after the samples are placed 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 GIP(Cat No:CK-bio-26417, Sensitivity: 1.0pg/Ml), GIP-
1(Cat No:CK-bio-14680, Sensitivity:  10.0pg/ml), RETN(Cat No:CK-bio-15273,
Sensitivity:0.1ng/mL), SCUBEI(Cat No:CK-bio-15317, Sensitivity: 0.lng/mL), and
SCUBE2(Cat No:CK-bio-26416, Sensitivity: 10.0pg/ml), were measured in serum by using
(Sunlong, China).

1.2.4 Molecular study
1.2.4.1 Genomic RNA Extraction

The RNA was extracted from the blood of rats as well as from apparently healthy groups
(control) using TransZol Up Plus RNA (Transgen) following the manufacturer's instructions.
Subsequently, the quality of the samples for further usage was evaluated by measuring the
concentration of the extracted RNA using a Quantus Fluorometer. (Thermo Fisher Scientific,
USA). The RNA was then stored at -80 °C for further analysis.

1.2.4.2 ¢cDNA synthesis

The total RNA underwent reverse transcription into complementary DNA (cDNA) using
QIAGEN Rotor gene Q Real-time PCR System (Germany). The EasyScript One-Step gDNA
Removal and cDNA, Synthesis SuperMix Kit, as provided by TransGen Biotech Co in China,
within a reaction volume of 20 pl, following the manufacturer's guidelines. As well as primers
that were specific for genes under study, a negative RT control was used to ensure the purity.
The cDNA was then ready for downstream analysis by qPCR.

1.2.4.3 Quantification of GCG and RES genes by Quantitative Real Time PCR (qRT-PCR)

For the quantification of GCG and RES, quantitative PCR was performed using primer sets
targeting the GCG and RES genes, normalised to the endogenous reference GAPDH gene, as
shown in Table 1. Primers were carefully designed, and their specificity was verified using the
Primer BLAST tool on the National Centre for Biotechnology Information (NCBI) website.
The goal of the quantitative PCR technique was to determine the cycling threshold (Ct) using
the 2xqPCR Master Mix Kits. Each reaction was performed twice.
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To achieve a final volume of pl, the following components were added: 10 pul GoTaq qPCR
Master Mix (Promega, USA), 1 ul (0.1 uM) from each primer, 4 pl of cDNA sample, and
nuclease-free water. Furthermore, to optimize the PCR process, annealing temperatures were
systematically optimized. This was achieved using a gradient thermal cycler (Eppendorf,
Germany) with a range of temperatures, as specified in the program outlined in Table 2.

Table 1: Primers used for gene expression of GCG, RES, and GAPDH genes

Product Size

Primer Sequence (5'—3' Direction) (bp) Tm °C
GCG

Forward ACAAAATCTTGAGCACGGCG 275 60

Reverse CACTACTGCACGGGACCTT 62.2
RES

Forward CCCAGCTCCAGAGCCATTAG 129 63.5

Reverse GAAAGAAGCCCCCGAAAAGC 62.4

Beta actin
Forward CACGGCATTGTAACCAAC 1125 56.1
Reverse GAGCGCGTAACCCTCATAGA 60.8

Table 2: The thermal profile of GCG, RES, and GAPDH gene expressions

Steps Temperature (°C) Duration Repeat cycle
Enzyme activation 94 5 min 1
Denaturation 94 5 sec
Annealing 58 15 sec 33
Extension 72 20 sec
Dissociation 55°C-95°C 1

1.2.4.4 Data analysis of RT-gPCR

The expression of DNMT-1 was assessed using the double delta Ct (threshold cycle) (AACT)
analysis (folding change), with the GAPDH serving as the housekeeping reference gene, which
was calculated according to the Levaic equation [17], using the following calculations:
ACT = CT target gene — CT of reference gene [17]
AACT = ACT of each sample — average control ACT
Folding change = 2 — AACt

1.2.4.5 Statistical Analysis

The Statistical Package for the Social Sciences (SPSS, 2019) program was used to detect the
effect of differences between groups/isolates on study parameters. LSD (LSD-Least Significant
Difference) was used to compare the means in this study significantly.

1.3 Results
1.3.1 GIP levels
Figure 1 shows GIP levels among the diabetic induced rat groups using Mean + SE, with
statistical differences indicated via LSD and P value. The results show group A recorded the
highest GIP level (97.43 + 35.06) compared to the control+ group (positive control group),
which recorded 75.19 + 2.02.

The control group (negative control) recorded the lowest GIP level (39.58 + 6.36), indicating
a significant decrease compared with the other groups, especially A and control+. Groups B, C,
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and D recorded (52.89 £6.41), (53.45 £10.34), and (55.35 £10.63), respectively, meaning they
were not significantly different from each other or from the Control+ group.
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Figure 1: Comparison between difference groups in GIP

Figure 2 shows the levels of GLP-1 in the groups of induced diabetic rats. The results
indicate that the negative control group (Control-) recorded the lowest GLP-1 levels (256.24 +
17.78), while group A (50 mg/kg STZ) recorded the highest GLP-1 levels (355.45 + 104.46),
suggesting that a low dose of BABA may help stimulate GLP-1 production or improve the
body's response to it. Group D (200 mg/kg STZ+BABA) recorded levels close to those of the
positive control group (335.41 + 64.55). Groups B and C (100 and 150 mg/kg STZ+BABA)
recorded the lowest GLP-1 levels (214.23 £ 3.08), compared to the positive control group.
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Figure 2: Comparison between difference groups in GLP1
Figures 3 and 4 compare the mean levels of SCUBEI and SCUBE?2 across the different groups.

The results were expressed as Mean + SE. The highest level of SCUBE1 was recorded in the
positive control group (Control+) at 12.66 + 0.24, and the lowest level was recorded in the



Al-Nagqash and Jasim Iraqgi Journal of Science, 2026, Vol. xx, No. x, pp: xx

negative control group (Control-) at 6.51 + 0.31. Group A showed a relatively high value (11.86
+ 1.41). Groups B, C, and D recorded levels lower than Control+, but higher than Control-, with
values ranging from 7.34 to 9.24, indicating variation in response to treatment across the groups.
The results indicate the presence of statistically significant differences at the P=0.0014 level.

The highest level of SCUBE2 was recorded in group A (697.86 + 226.94), compared to the
Control+, which recorded 417.03 + 20.33, the Control- recorded the lowest level (246.18 +
33.58), groups B, C, and D recorded average levels ranging from 467.95 to 604.47, and there
were no significant differences between them and the Control+. The LSD value for SCUBE2
was 411.43 at P=0.0498, indicating the presence of significant differences between some
groups, but less pronounced than SCUBEI.
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Figure 3: Comparison between difference groups in SCUBE 1
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Figure 4: Comparison between difference groups in SCUBE 2

1.3.2 RENT levels

RENT is a hormone associated with insulin resistance and involved in inflammatory
processes in the body. Figure 5 shows RENT levels in diabetic-induced rat groups. The results
in Figure 2 show that the Control+ recorded the highest level (6.13 £ 0.02), indicating a
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significant increase in RENT levels compared to the other groups. The Control recorded the
lowest level (3.31 £ 0.28), which may reflect the effect of the disease on reducing RENT levels
compared with the Control+. Group A recorded a level (4.96 £ 1.21), indicating that the
treatment used may have a partial effect on regulating RENT. Groups B, C, and D recorded
levels (3.71 £0.78), (3.78 +£0.53), and (3.69 +0.61), respectively. There is no significant
difference between them and Control-.
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Figure 5: Comparison between difference groups in RENT

1.3.3 GCG and RES gene expression

The fold of the GCG gene and RES expression was calculated as a ratio of 2"24CT of the
experimental groups (Al, A2, B1, B2, C1, C2, DI, and D2) to that of the control group
(NEGland NEG2). According to the study results, there were highly statistically significant
differences in GCG and RES expression levels among the different experimental groups of male
rats with diabetes mellitus. In the present study, it was found that only the C1 group, which was
treated with a concentration of 150 mg/kg of body weight STZ, then BABA, had notably higher
GCG level (3.70635) than the positive and negative control groups, which were treated with
normal saline and streptozotocin, respectively. While all of the other isolates showed a decrease
in gene expression, with the greatest decrease in isolate group A2, with a fold (0.00458), which
was treated with a concentration of 100 mg/kg of body weight streptozotocin and then BABA.
Similarly, RES expression levels were notably increased in the B1 and C1 groups, which were
treated with STZ at concentrations of 100 mg/kg and 150 mg/kg, respectively, based on body
weight, followed by BABA at (7.26015, 3.09513, respectively), compared to the positive and
negative control groups. For a more detailed overview of the fold change values for each
patient group, refer to Table 3 (GCG) and Table 4 (RES).
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Table 3: Fold change of GCG gene expression in different experimental groups using the Livak
formula (a,b,c refers to significance at P-value (0.0001)

Positive control Treatments
Groups Mean Ct Mean Ct ACt Mean Ct Mean Ct ACt A44Ct Fold change
GADPH GCG GADPH GCG
Al 17.69 25.05 7.36 13.6 27.13 13.53  6.17  0.01388 +0.004 ¢
A2 17.69 25.05 7.36 13.37 28.5 15.13  7.77  0.00458 +0.001 ¢
B1 17.69 25.05 7.36 23.05 31.47 8.42 1.06  0.47963 £0.052 b
B2 17.69 25.05 7.36 17.66 29.93 12.27 491 0.03326 +0.005 ¢
C1 17.69 25.05 7.36 19.94 25.41 547  -1.89  3.70635+0.632 a
2 17.69 25.05 7.36 12.43 25.73 13.3 5.94  0.01628 £0.004 ¢
D1 17.69 25.05 7.36 16.06 27.73 11.67 4.31 0.05042 £0.013 ¢
D2 17.69 25.05 7.36 15.14 28.15 13.01  5.65 0.01992 +0.007 ¢
NEGI 17.69 25.05 7.36 14.36 25.6 11.24  3.88 0.06792 £0.142 ¢
NEG2 17.69 25.05 7.36 13.13 27.34 1421  6.85 0.00866 +0.002 ¢
L.S.D. _ . _ _ _ _ _ 0.271 **
(P-value) (0.0001)

Table 4: Fold change of RES gene expression in different experimental groups using the Livak
formula (a,b,c refers to significance at P-value (0.0001)

Positive control Treatments
Groups | Mean Ct Mean Ct ACt MeanCt MeanCt | 44Ct Fold change
GADPH RES GADPH RES
Al 17.69 25.28 7.59 13.6 27.1 13.5 591 0.01663 +0.005 ¢
A2 17.69 25.28 7.59 13.37 26.71 13.34  5.75 0.01858 +0.007 ¢
B1 17.69 25.28 7.59 23.05 27.78 473  -2.86 7.26015 +£0.688 a
B2 17.69 25.28 7.59 17.66 26.65 8.99 1.4 0.37893 +0.071 ¢
C1 17.69 25.28 7.59 19.94 259 596  -1.63 3.09513 £0.522 b
2 17.69 25.28 7.59 12.43 26.39 13.96  6.37 0.01209 £0.004 ¢
D1 17.69 25.28 7.59 16.06 27.85 11.79 4.2 0.05441 +0.017 ¢
D2 17.69 25.28 7.59 15.14 27.04 11.9 431 0.05041 +0.016 ¢
NEGI 17.69 25.28 7.59 14.36 25.5 11.14  3.55 0.08537 +0.024 ¢
NEG2 17.69 25.28 7.59 13.13 27.21 14.08  6.49 0.011125 +0.005 ¢
L.S.D. _ _ B B _ B B 0.3877 **
(P-value) (0.0001)

1.4 Discussion

B-Aminobutyric acid (BABA) has been successfully used to prime stress resistance in numerous
rats; the current study was designed to investigate the effect of BABA as a possible treatment
for diabetic male rats. The current study was designed to investigate the impact of BABA as a
potential treatment for diabetic male rats. STZ is commonly used to induce diabetes in mice
by destroying the pancreatic cells responsible for insulin production, resulting in elevated blood
sugar levels.

GIP may play a role in protecting pancreatic beta cells from damage. GIP stimulates pancreatic
beta cells to secrete insulin, which helps lower blood sugar levels. This effect is known as the
"incretin effect," as it works in conjunction with GLP-1 to enhance insulin secretion in a
glucose-dependent manner, and its anti-apoptotic effect on beta cell survival is mediated by
STZ inhibition [18]. Results indicate that STZ destroys 90% of beta cells, affecting glucose-
induced insulin secretion without causing hyperglycemia [19]. The hyperclucagonemia plays a
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vital role in elevating blood glucose levels. Moreover, these findings indicated that at low STZ
concentrations (50 mg/kg), B-cells are partially damaged, which may explain the moderate
changes in GIP levels compared to the control. The results in Figure 1 indicate that BABA
treatment improved glucose tolerance by increasing insulin secretion during the glucose
tolerance test in STZ-untreated rats (Control +). Additionally, BABA treatment significantly
increased active GIP and GLP-1 levels. The results of the current study are consistent with a
study conducted by which found that the amino acid BABA plays a protective role in improving
GIP levels. Athigh STZ levels, BABA treatment failed to improve glucose and insulin secretion
responses in rats injected with high STZ doses, as STZ destroys beta cells in the pancreas,
leading to a severe decrease in insulin production and elevated blood sugar levels. These results
declare that GIP induces insulin secretion in STZ rats treated with BABA [20]. The results
supported by studies using Gegr-/- Glplr-/-, in both models the deficient in GLP-1 and GIP
activity exhibiting hyperglymecaemia upon STZ treatment, highlighting the importance of
GLP-1 and GIP on glycemic control under STZ- induced B-cells suppression [21, 22].
Reticulon (RTN) is a cellular stress-related protein that interferes with cellular responses to
damage, particularly in cells of the pancreas, liver, and nervous system. Many factors may affect
RTN levels, including cytotoxic substances (such as STZ) and protective agents (such as
BABA). In groups treated with STZ alone (Control -) STZ initially increases RTN levels as a
stress response to damaged pancreatic and liver cells, stimulating RTN protein expression as a
defense mechanism. As cellular damage continues, RTN levels subsequently decline due to cell
death and loss of the ability to respond to stress. However, when BABA is administered after
STZ, it reduces oxidative stress and cell death, thereby helping maintain RTN levels within a
balanced range compared with the STZ-alone group. This is because BABA protects cells from
excessive damage [23].

The study results also indicate the negative effects of STZ on (SCube 1 and SCube 2), as it
disrupts the gene expression of proteins associated with vascular injury. The Control-, which
was exposed only to STZ, showed the lowest levels of SCube 1 (6.51 + 0.31) and SCube 2
(246.18 = 33.58), indicating that STZ caused damage to cellular function.

This reduction reflects increased cellular damage and a reduced cell's ability to express these
proteins, which are crucial for healing and cellular repair. STZ causes severe oxidative stress,
leading to the spread of inflammation and increasing SCubel and SCube?2 in the initial stages
of the inflammatory response [24].

In BABA-treated groups, SCubel and SCube?2 levels increased gradually, indicating the ability
of BABA to enhance the gene expression of these proteins, aid in repairing STZ-induced
damage, and improve the inflammatory and regenerative responses [25].

GLP-1 commonly synthesized from preproglucagon, which is encoded by the glucagon gene
(GCG) [26]. Our results displayed that GCG gene expression was elevated in diabetic male rats
after BABA injection. This increase in gene expression may be due to the interaction of BABA
with gene-regulating mechanisms, stimulation of protein production associated with metabolic
responses, or reduction of insulin resistance [27]. BABA may act as a regulatory factor,
enhancing GCG gene expression, improving pancreatic B-cell function, or regulating blood
glucose levels [28].

Numerous mechanisms can affect GCG gene expression in diabetic male rats. The first is
modulation of transcription factors: BABA may enhance the activity of transcription factors
that bind to the GCG gene promoter region, thereby increasing transcription [29]. The other
mechanism may involve epigenetic modifications, as BABA may alter histones or DNA
methylation, exposing genes for expression [30]. The administration of STZ damages
pancreatic B-cells, leading to insulin deficiency and elevated blood glucose levels, then to
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diabetes [31]. This situation can adversely affect the rats' health, resulting in reduced physical
activity and increased fatigue. Subsequently, BABA was given to the rats. It may exhibit anti-
inflammatory properties and protect pancreatic cells.

As aresult, BABA may improve rat’s health, aiding in the restoration of their energy levels and
activity.

Conclusion:

The study results suggest that BABA has the potential to heal B-cell damage induced by STZ
and may restore levels of SCubel, SCube3, GIP, and RNT. However, BABA controlled the
expression of GCG and RES genes. Furthermore, further studies, particularly in humans, are
necessary to validate these findings.

Statements on compliance with ethical standards
The experimental protocols have been authorized and issued by Ethical Committee no.22,
University of Anbar.

Disclosure and conflict of interest
Conflict of Interest: The authors declare that they have no conflicts of interest.

References

[1] A. Ghasemi and S. Jeddi, “Streptozotocin as a tool for induction of rat models of diabetes: a
practical guide,” EXCLI Journal, vol. 22, pp. 274-294, 2023. Available: doi:10.17179/excli2022-
5720. Available: doi: 10.17179/excli2022-5720 .

[2] Z.Amrolahi, S.M. Avandi, and N. Khaledi, "The effect of six weeks’ progressive resistance training
on hippocampus BDNF gene expression and serum changes of TNF-a in diabetic Wistar rats,"
Journal of Sport and Exercise Physiology, vol. 15, no. 1, pp. 1-10, 2022. Available: doi:
10.52547/joeppa.15.1.1.

[3] B.L.Furman, “Streptozotocin-Induced Diabetic Models in Mice and Rats,” Current protocols, vol.
1, no. 4, €78. 2021. Available: doi: https://doi.org/10.1002/cpz1.78 .

[4] C. Xie, C. Qi, J. Zhang, W. Wang, X. Meng, A. Aikepaer, Y. Lin, C. Su, Y. Liu, X. Feng, and H.
Gao,"When short-chain fatty acids meet type 2 diabetes mellitus: Revealing mechanisms,
envisioning therapies," Biochemical Pharmacology, vol. 233,p. 116791, 2025. Available:
https://doi.org/10.1016/1.bcp.2025.116791.

[5] I Thamer and M. A. Jasim, “Anti-diabetic effect of f-aminobutyric acid in Streptozotocin-induced
rats,” Systematic Reviews in Pharmacy, vol. 12, no. 5, pp. 1700-1705, 2021.

[6] T. D. Miiller, A. Adriaenssens, B. Ahrén, M. Blither, A. L. Birkenfeld, J. E. Campbell, M. P.
Coghlan, D. D'Alessio, C. F. Deacon, S. DelPrato, J. D. Douros, D. J. Drucker, N. S. Figueredo
Burgos, P. R. Flatt, B. Finan, R. E. Gimeno, F. M. Gribble, M. R. Hayes, C. Holscher, J. J. Holst,
and M. H. Tschop, “Glucose-dependent insulinotropic polypeptide (GIP),” Molecular metabolism,
vol. 95. 102118, 2025. Available: doi: 10.1016/;.molmet.2025.102118 .

[7] A. Liskiewicz, A. Khalil, D. Liskiewicz, A. Novikoff, G. Grandl, G. Maity-Kumar, R. M.
Gutgesell, M. Bakhti, A. Bastidas-Ponce, O. Czarnecki, K. Makris, H. Lickert, A.Feuchtinger, M.
Tost, C. Coupland, L. Sténder, S. Akindehin, S. Prakash, F. Abrar, R. L. Castelino and T. D. Miiller,
“Glucose-dependent insulinotropic polypeptide regulates body weight and food intake via
GABAergic neurons in mice,” Nature metabolism, vol. 5,n0.12,pp. 2075-2085, 2023. Available:
doi: 10.1038/s42255-023-00931-7

[8] Y. Seino and Y. Yuji, “Roles of glucose-dependent insulinotropic polypeptide in diet-induced
obesity,” Journal of diabetes investigation, vol. 13, no, 7, pp. 1122-1128, 2022. Available: doi:
10.1111/5di.13816 .

[9] N. Guccio, F. M. Gribble, and F. Reimann, “Glucose-Dependent Insulinotropic Polypeptide-A
Postprandial Hormone with Unharnessed Metabolic Potential,” Annual review of nutrition, vol. 42,
no. 21-44, 2022. Available: doi: 10.1146/annurev-nutr-062320-113625 .



https://doi.org/10.17179/excli2022-5720
https://doi.org/10.52547/joeppa.15.1.1
https://doi.org/10.1002/cpz1.78
https://doi.org/10.1016/j.bcp.2025.116791
https://doi.org/10.1016/j.molmet.2025.102118
https://doi.org/10.1038/s42255-023-00931-7
https://doi.org/10.1111/jdi.13816
https://doi.org/10.1146/annurev-nutr-062320-113625

Al-Nagqash and Jasim Iraqgi Journal of Science, 2026, Vol. xx, No. x, pp: xx

[10] R. M. Goldenberg, A. Y. Y.Cheng, T. Fitzpatrick, J. D. Gilbert, S. Verma, and J. J. Hopyan,
“Benefits of GLP-1 (Glucagon-Like Peptide 1) Receptor Agonists for Stroke Reduction in Type 2
Diabetes: A Call to Action for Neurologists,” Stroke, vol. 53, no. 5, pp. 1813-1822, 2022.
Available: doi: 10.1161/STROKEAHA.121.03815.

[11] W. Zhang, L. Wu, R. Qu, T. Liu, J. Wang, Y. Tong, W. Bei, J. Guo, and X. Hu, “Hesperidin
activates the GLP-1R/cAMP-CREB/IRS2/PDX1 pathway to promote transdifferentiation of islet a
cells into B cells across the spectrum,” Heliyon, vol. 10, no. 16, e35424, 2024. Available: doi:
10.1016/].heliyon.2024.e35424.

[12] H. Ali, “SCUBE in human diseases: A systematic review”’, Marmara Medical Journal, vol. 37, no.
2,pp. 106-114, 2024. Available: doi: 10.5472/marumj.1484448.

[13] J. Huang, X. Peng, K. Dong, J. Tao, and Y. Yang, “The association between insulin resistance,
leptin, and resistin and diabetic nephropathy in type 2 diabetes mellitus patients with different body
mass indexes,” Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy, vol. 14, pp.
2357-2365, 2021.Available: doi: 10.2147/DMS0.S305054.

[14] A. Giandalia, A. Alibrandi, L. Giorgianni, F. Lo Piano, F. Consolo, G. Longo Elia, B. Asztalos, D.
Cucinotta, G. Squadrito, and G. T. Russo, “Resistin levels and inflammatory and endothelial
dysfunction markers in obese postmenopausal women with type 2 diabetes mellitus,” Diabetology
& Metabolic Syndrome, vol. 13, no. 1, pp. 98, 2021. Available: doi: 10.1186/s13098-021-00715-7

[15] D. M. Arble, C. R. Hutch, H. Hafner, D. Stelmak, K. Leix, J. Sorrell, J. W. Pressler, B. Gregg, and
D. A. Sandoval, “The role of preproglucagon peptides in regulating B-cell morphology and
responses to streptozotocin-induced diabetes,” American Journal of Physiology-Endocrinology
and  Metabolism, vol. 324, mno. 3, pp. E217-E225, 2023. Available: doi:
10.1152/ajpendo.00152.2022.

[16] M. Bethea, N. Bozadjieva-Kramer, and D. A. Sandoval, “Preproglucagon Products and Their
Respective Roles Regulating Insulin Secretion,” Endocrinology, vol. 162, no. 10, p.150, 2021.
Available: doi: 10.1210/endocr/bqab150 .

[17] K. J. Livak and T. D. Schmittgen, “Analysis of relative gene expression data using real-time
quantitative PCR and the 2(-Delta Delta C(T)) Method,” Methods, vol. 25, no. 4, pp. 402-408,
2001. Available: doi: 10.1006/meth.2001.1262.

[18] A. lida, Y. Seino, A. Fukami, R. Maekawa, D. Yabe, S. Shimizu, K. Kinoshita, Y. Takagi, T.
Izumoto, H. Ogata, K. Ishikawa, N. Ozaki, S. Tsunekawa, Y. Hamada, Y. Oiso, H. Arima, and Y.
Hayashi ,“Endogenous GIP ameliorates impairment of insulin secretion in proglucagon-deficient
mice under moderate beta cell damage induced by streptozotocin,” Diabetologia, vol. 59, no. 7, pp.
1533-1541, 2016. Available: doi: 10.1007/s00125-016-3935-2 .

[19] Y. Lee, M. Y. Wang, X. Q. Du, M. J. Charron, and R. H.Unger, “Glucagon receptor knockout
prevents insulin-deficient type 1 diabetes in mice,” Diabetes, vol. 60, no. 2, pp. 391-397, 2011.
Available: doi: 10.2337/db10-0426.

[20] M. Akakura, I. Watari, M. Watanabe, S. Jiratchaya, and T. Ono, “Expression of Glucagon-Like
Peptide-1 Receptors in the Submandibular Gland of Mice and Its Implications in Type 2 Diabetes.,”
Cureus, vol. 16, n0.9, ¢70465,2024. Available: doi: 10.7759/cureus.70465.

[21] V. R. Steenberg, S. M. Jensen, J. Pedersen, A. N. Madsen, J. A. Windelgv, B. Holst, B. Quistorff,
S. S. Poulsen, and J. J. Holst, “Acute disruption of glucagon secretion or action does not improve
glucose tolerance in an insulin-deficient mouse model of diabetes,” Diabetologia, vol. 59, no. 2,
pp- 363-70, 2016. Available: doi: 10.1007/s00125-015-3794-2 .

[22] S. Vasu, R. C. Moffett, B. Thorens, and P. R. Flatt. “Role of endogenous GLP-1 and GIP in beta
cell compensatory responses to insulin resistance and cellular stress,” PloS one, vol. 9 no. 6,
€101005, 2014. Available: doi: 10.1371/journal.pone.0101005.

[23] A. Kulczynska-Przybik, M. Dulewicz, A. Stowik, R. Borawska, A. Kutakowska, J. Kochanowicz,
and B. Mroczko, “The Clinical Significance of Cerebrospinal Fluid Reticulon 4 (RTN4) Levels in
the Differential Diagnosis of Neurodegenerative Diseases,” Journal of clinical medicine, vol. 10,
no. 22,p. 5281, 2021. Available: doi: 10.3390/jcm10225281.

[24] A. Bodur, C. Kahraman, D. Us Altay, T. A. Rendi, A. Mentese, and A. Alver, “Investigation of the
relationship between oxidative stress and SCUBEI levels in high fat diet-induced obese rats,”
Turkish journal of medical sciences, vol. 48, no. 1, pp. 196-201, 2018. Available: doi: 10.3906/sag-
1709-160 .



https://doi.org/10.1161/STROKEAHA.121.038151
https://doi.org/10.1016/j.heliyon.2024.e35424
https://doi.org/10.1016/j.heliyon.2024.e35424
https://doi.org/10.5472/marumj.1484448
https://doi.org/10.2147/dmso.s305054
https://doi.org/10.1186/s13098-021-00715-7
https://doi.org/10.1152/ajpendo.00152.2022
https://doi.org/10.1210/endocr/bqab150
https://doi.org/10.1006/meth.2001.1262
https://doi.org/10.1007/s00125-016-3935-2
https://doi.org/10.2337/db10-0426
https://doi.org/10.7759/cureus.70465
https://doi.org/10.1007/s00125-015-3794-2
https://doi.org/10.1371/journal.pone.0101005
https://doi.org/10.3390/jcm10225281
https://doi.org/10.3906/sag-1709-160
https://doi.org/10.3906/sag-1709-160

Al-Nagqash and Jasim Iraqgi Journal of Science, 2026, Vol. xx, No. x, pp: xx

[25] E. Icel, A. Icel, C. Mertoglu , N. G. Tasli, Y. Karakurt, T. Ucak, and M. Gunay, “Serum SCUBE-
1 levels in patients with diabetic retinopathy,” International ophthalmology, vol. 40, no.4, pp. 859-
865, 2020. Available: doi: 10.1007/s10792-019-01249-8 .

[26] A. Srikrishnaraj, H., Jeong, and P. L. Brubaker “Complementary and antagonistic effects of
combined glucagon-like peptide-2 and glucagon-like peptide-1 receptor agonist administration on
parameters relevant to short bowel syndrome,” JPEN. Journal of parenteral and enteral nutrition,
vol. 46, n0.6, pp. 1361-1370, 2022. Available: doi: 10.1002/jpen.2307 .

[27] S. Dini, M. Zakeri, S. Ebrahimpour, F. Dehghanian, and A. Esmaecili, “Quercetin-conjugated
superparamagnetic iron oxide nanoparticles modulate glucose metabolism-related genes and miR-
29 family in the hippocampus of diabetic rats,” Scientific Reports, vol. 11, no. 1,p. 8618, 2021.
Available: doi: 10.1038/s41598-021-87687-w.

[28] M.J. Varney and J.L. Benovic, “The Role of G Protein-Coupled Receptors and Receptor Kinases
in Pancreatic B-Cell Function and Diabetes,” Pharmacological reviews, vol. 76, no. 2, pp. 267-299,
2024. Available: doi: 10.1124/pharmrev.123.001015.

[29] K. N. Parthiban, N. T. Nassif, and A. M. Simpson. “Functions and Mechanisms of Diabetes-
Linked Transcription Factors,” Frontiers in Bioscience-Landmark (FBL), vol. 30, no. 8, p. 36544,
2025. Available: doi:_10.31083/FBL.36544

[30] H He, M Yang, S Li, G Zhang, Z Ding, L Zhang, G Shi, and Y Li, “Mechanisms and
biotechnological applications of transcription factors,” Synthetic and Systems Biotechnology,vol 8,
no. 4, pp. 565-577, 2023. Available: doi: https://doi.org/10.1016/j.synbi0.2023.08.006.

[31] E. Agbonifo-Chijiokwu, K. E. Nwangwa, M. O. Oyovwi, B., Ben-Azu, A.O., Naiho, V. Emojevwe,
E. P. Ohwin, A. P. Ehiwarior, E. T. Ojugbeli, S. U. Nwabuoku, E. G. Moke, and B. O. Oghenetega,
“Underlying biochemical effects of intermittent fasting, exercise and honey on streptozotocin-
induced liver damage in rats,” Journal of diabetes and metabolic disorders, vol. 22, no. 1, pp. 515-
527,2023. Available: doi: 10.1007/s40200-022-01173-2 .



https://doi.org/10.1007/s10792-019-01249-8
https://doi.org/10.1002/jpen.2307
https://doi.org/10.1038/s41598-021-87687-w
https://doi.org/10.1124/pharmrev.123.001015
https://doi.org/10.31083/FBL36544
https://doi.org/10.1016/j.synbio.2023.08.006
https://doi.org/10.1007/s40200-022-01173-2


  𝛥 C T   =   C T   t a r g e t   g e n e   −   C T   o f   r e f e r e n c e   g e n e


  𝛥 𝛥 C T   =   𝛥 C T   o f   e a c h   s a m p l e   −   a v e r a g e   c o n t r o l   𝛥 C T


  F o l d i n g   c h a n g e   =   2 − ∆ ∆ C t


  F o l d i n g   c h a n g e   =   2 − ∆ ∆ C t

