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INTRODUCTION
Hyperglycemia can cause extensive metabolic changes and 
increase the risk of thrombosis, potentially leading to myocardial 
infarction, thrombotic stroke, peripheral vascular disease, 
and venous thromboembolism.1,2 Prolonged hyperglycemia 
correlates with higher levels of advanced glycation end products 
(AGEs), which increase oxidative stress and thrombotic risk 

by boosting inflammatory responses.3,4 Oxidative stress can 
be assessed using various indices such as malondialdehyde 
(MDA) and ferric reducing ability of plasma (FRAP).5,6

Fibrinogen is a plasma-soluble protein produced by the liver 
and converted by thrombin into fibrin during hemostasis. 
Fibrinogen levels are independently associated with glycated 
hemoglobin levels, suggesting that fibrinogen may increase 
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ABSTRACT

Objectives: Oxidative stress promotes the initiation and progression of diabetic complications. Fibrinogen is a thrombotic factor proposed as a 
biomarker for prognostic assessment, as a marker for tracking vascular complications, and as a therapeutic target in diabetes. Aminoguanidine, an 
inhibitor of advanced glycation end products and inducible nitric oxide synthase, has been shown to reduce oxidative stress and related vascular 
injury. However, the underlying processes still need to be entirely elucidated. This study investigated the effects of aminoguanidine on oxidative 
stress biomarkers and fibrinogen gene expression in diabetic rats.
Materials and Methods: Twenty-four male rats, matched for body weight and age, were randomly assigned to five groups: (intended n = 6 per 
group). Due to mortality during the study, the final group sizes were: healthy controls (n = 5), untreated diabetic controls (n = 4), and diabetic rats 
treated with aminoguanidine at 50, 100, or 200 mg/kg (n = 6, 4, and 5, respectively). Diabetes mellitus was induced by intraperitoneal injection of 
streptozotocin (50 mg/kg) in rats fasted for 12 h. One week later, diabetic rats received aminoguanidine for 28 days. The liver was selected for 
analysis due to its key role in oxidative stress and metabolism. Malondialdehyde (MDA) and ferric-reducing ability of plasma (FRAP) were measured 
in liver tissue as markers of oxidative stress, and fibrinogen gene expression was assessed by real-time polymerase chain reaction.
Results: Aminoguanidine at 50 mg/kg significantly reduced fibrinogen gene expression (p = 0.047). Hepatic MDA levels decreased at all doses (50, 
100, and 200 mg/kg, p < 0.05), while FRAP levels increased significantly at 50 and 100 mg/kg (p < 0.05).
Conclusion: Aminoguanidine may attenuate oxidative stress and fibrinogen gene expression in the livers of diabetic rats.
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the risk of cardiovascular events in patients with diabetes. 
Additionally, AGE levels and fibrinogen have been shown to 
correlate positively in research,7-9 suggesting that AGEs and 
oxidative stress may contribute to thrombosis in diabetic 
patients.

AGEs can bind to their receptor (RAGE) on hepatocytes, 
triggering the activation of intracellular signaling pathways, 
including the nuclear factor-κB (NF-κB) and mitogen-activated 
protein kinase (MAPK) pathways. Activation of these pathways 
promotes the translocation of transcription factors such as 
NF-κB into the nucleus, where they enhance the transcription 
of pro-inflammatory and pro-thrombotic genes, including the 
fibrinogen gene. Oxidative stress further amplifies this process 
by increasing reactive oxygen species, which can activate 
similar signaling cascades and stabilize transcription factors, 
leading to upregulation of fibrinogen expression.10,11 Evidence 
indicates that AGEs can increase production of plasminogen 
activator inhibitor-1, which arrests fibrinolysis by inhibiting 
tissue plasminogen activator.12

Aminoguanidine (AG), a potential therapeutic agent, could 
prevent the formation of AGEs by reacting with AGE 
precursors.13 In light of the role of oxidative stress in thrombotic 
complications of diabetes, inhibiting the formation of oxidative 
stress can reduce fibrinogen expression and the incidence of 
thrombotic events in diabetic patients. Previous studies have 
reported protective effects of AG in the context of diabetes 
and its complications. In streptozotocin (STZ)-induced diabetic 
rats, AG reduced blood glucose levels and partially reversed 
diabetes-induced alterations in renal function. It also modulated 
the expression of angiotensin receptors, which may have 
contributed to its protective effects on hemodynamic and 
physiological functions.14 Another study demonstrated that AG 
prevented cardiac fibrosis and the development of diabetic 
cardiomyopathy.15 In addition, an in vitro study using beta-
cells showed that exposure to high glucose concentrations for 
one week significantly reduced insulin secretion and insulin 
content. Co-treatment with 1 mM AG nearly doubled both basal 
and glucose-stimulated insulin release, and increased insulin 
content by 42%, and reduced nitrite accumulation by 33%. 
These findings suggest that AG may protect beta-cells against 
glucotoxicity, potentially through modulation of early glycation 
products and nitric oxide synthase activity.16 Despite these 
promising results, some limitations have been noted, including 
variability in experimental models and dose-dependent effects, 
which warrant further investigation before translation into 
clinical practice.

Understanding the effects of AG on oxidative stress and 
fibrinogen expression is crucial, as it may offer a therapeutic 
strategy for reducing thrombotic complications in diabetes 
and provide a rationale for future clinical research. This study 
assessed the impact of AG on fibrinogen gene expression and 
on MDA and FRAP levels in the livers of STZ-induced diabetic 
rats.

MATERIALS AND METHODS 
Animal models and study design
The study was conducted on adult male Rattus norvegicus 
provided by the Experimental Animal Research Center of 
Zanjan University of Medical Sciences (Zanjan, Iran). The rats 
(weighing 250–300 g) were kept at room temperature (22–25 
°C) with a 12-hour light–dark cycle and unrestricted access to 
standard laboratory chow (ParsCenter, Iran) and water. Body 
weight and blood glucose levels were monitored every seven 
days during the experimental period.

The STZ-induced diabetic rat model was selected because STZ 
selectively destroys pancreatic beta-cells, reliably inducing 
hyperglycemia and closely mimicking type 1 diabetes and its 
associated metabolic disturbances. The liver was chosen as 
the target organ due to its central role in glucose and lipid 
metabolism and its susceptibility to diabetes-induced oxidative 
stress and inflammation. Focusing on the liver allowed 
assessment of both metabolic and molecular effects of AG in a 
key organ affected by diabetic complications.17,18

The sample size for each group was determined by a priori 
power analysis (G*Power) with α = 0.05 and 80% power, 
indicating that 4–6 rats per group were required. A total of 24 
rats, matched for age and body weight, were randomly assigned 
to five groups, with an intended size of 6 rats per group. Due to 
mortality during the study, the final group sizes were: 5 healthy 
rats on a standard diet (HC group); 4 untreated diabetic rats on 
a standard diet (DC group); 6 diabetic rats receiving 50 mg/kg 
of AG (D50 group); 4 diabetic rats receiving 100 mg/kg of AG 
(D100 group); and 5 diabetic rats receiving 200 mg/kg of AG 
(D200 group).19 Randomization was performed using a random 
number table to minimize allocation bias, and group assignment 
was conducted by a researcher who was not involved in 
subsequent interventions or outcome assessments. In addition, 
the experiments and data analyses were performed by another 
researcher who was blinded to the group assignments, to 
further reduce potential bias.

An intraperitoneal injection of 50 mg/kg STZ, dissolved in 0.9% 
saline, was used to induce diabetes mellitus in rats fasted for 
12 hours. Seventy-two hours after the STZ injection, blood 
glucose levels in fasted rats were measured from tail blood 
samples using the Accu-Chek Aviva Blood Glucose Monitoring 
device. Rats classified as diabetics had fasting blood glucose 
levels above 250 mg/dL. Treatment with intraperitoneal AG 
(Sigma-Aldrich Co., Cat No. 1068-42-4) began one week after 
diabetes induction and continued daily for four weeks.19 Both 
healthy and untreated diabetic rats received daily saline as a 
placebo (Table 1). Approval for all procedures conducted was 
obtained from the Animal Care and Use Committee of Zanjan 
University of Medical Sciences (approval number: IR.ZUMS.
REC.1398.434, dated 14.01.2020).

Liver tissue collection
Ketamine and xylazine were administered intraperitoneally 
to the rats at the end of the experimental period to induce 
anesthesia. After removal of the liver, it was rinsed with an 
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isotonic saline solution and weighed. The tissue was divided 
into two sections: (a) the first was stored at -80 °C for RNA 
and molecular analyses; (b) the second was homogenized for 
antioxidant analysis.

FRAP assay
FRAP was measured in the liver using the methods of Benzie 
and Strain.20 The intra-assay and inter-assay coefficients of 
variation were < 1.0% and < 3.0%, respectively, for FRAP values 
between 100 and 1,000 µmol/L of protein. The FRAP reagent 
was prepared by incubating a mixture of 10 mmol/L TPTZ 
(2,4,6-tripyridyl-s-triazine) in 40 mmol/L HCl, 20 mmol/L ferric 
chloride hexahydrate (FeCl3·6H2O), and 0.3 mol/L acetate 
buffer (pH 3.6) at a 1:1:10 (v/v/v) ratio at 37 °C for 10 minutes.

The technique was based on converting the Fe3+-TPTZ complex 
to the Fe2+-TPTZ complex at low pH, and monitoring the 
process by detecting the change in absorbance at 593 nm. 300 
µL of prepared FRAP reagent and 30 µL of H2O were mixed with 
10 µL of the sample solution, incubated at 37 °C for 5 minutes, 
and absorbance was measured using a spectrophotometer. 
Calibration was conducted using FeSO4·7H2O solutions within 
the range of 100–1000 µmol/L, and the FRAP value in the tissue 
was reported as µmol/L of protein.

MDA assay
Lipid peroxidation was assessed by reaction of MDA with 
thiobarbituric acid according to the methodology outlined by 
Ohkawa et al.21 The reaction mixture included 1.5 mL of a 20% 
acetic acid solution (pH 3.5), 0.1 mL of supernatant, 0.2 mL of 
sodium dodecyl sulfate (8.1%), and 1.5 mL of a 0.8% aqueous 
thiobarbituric acid solution. After adding 4 mL of distilled water, 
the mixture was heated at 95 °C for 60 minutes. Distilled water 
(5 mL) and an n-butanol-pyridine mixture (15:1 v/v, 5 mL) were 
added to the mixture, and it was centrifuged at 4000 r.p.m. for 
10 minutes. In the blank, the supernatant was replaced with 
distilled water. Finally, the results were expressed as µmol L−1 
using a spectrophotometer to measure the absorbance of the 
top layer at 532 nm.

RNA isolation and complementary DNA synthesis
The RNX-Plus kit (SinaClon Co., Tehran, Iran) was used to isolate 
total RNA from liver tissue. Briefly, 200 µL of chloroform was 
added to the homogenized liver tissue in 1 mL Trizol, and the 
mixture was centrifuged at 12,000 r.p.m. and 4 °C for 15 minutes. 
The top aqueous phase was transferred to a new RNase-free 
tube, combined with an equal volume of isopropanol, vortexed 

vigorously, and centrifuged at 12,000 rpm at 4 °C for 15 minutes. 
The supernatants were discarded; 1 mL of 75% ethanol was 
added, and the RNA pellets were centrifuged at 7,500 r.p.m. and 
4 °C for 8 minutes. After discarding the supernatants and air-
drying at room temperature for a few minutes, the pellets were 
resuspended in 50 μL of DEPC-treated water.

Agarose gel electrophoresis and UV absorbance measurements 
at 230, 260, and 280 nm using a NanoDrop 2000 
spectrophotometer (Thermo Fisher Scientific, USA) were used 
to assess RNA sample quality and quantity.

Complementary DNA (cDNA) was generated from total RNA 
using a cDNA synthesis kit (BioFact™ Co., Korea) according 
to the manufacturer’s protocol. After purified total RNA (5 µg) 
was incubated with oligo dT (1 µL) for 5 minutes at 70°C, the 
following components were added to the mixture: 4 µL of 5X 
reaction buffer, 1 µL of dNTPs (10 mM each), 0.5 µL of RNase 
inhibitor (40 U/µL), and 1 µL of reverse transcriptase (200 U/
µL). The reaction was then incubated at 42 °C for 60 minutes, 
followed by 5 minutes at 70 °C.

Real-time polymerase chain reaction
Synthesized cDNA (1 µL) was mixed with forward and reverse 
primers (0.5 µL each), deionized water, and SYBR Green 
I master mix. The ABI StepOnePlus real-time polymerase 
chain reaction (PCR) system was used to perform real-time 
PCR. Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) 
served as the housekeeping gene due to its widespread use 
and reported stability in gene expression studies.22 Ct-value 
analysis across all experimental groups confirmed that GAPDH 
expression remained stable under our experimental conditions; 
therefore, it was used to normalize fibrinogen expression levels.

To ensure the accuracy of the real-time PCR results, both 
no template control (NTC) and no reverse transcriptase 
(NRT) reactions were included. The NTC contained all PCR 
components except cDNA, which was replaced with water; any 
amplification in this control indicated potential environmental 
contamination or non-specific priming. The NRT control 
contained all reaction components; NRT products, generated 
alongside cDNA synthesis, were added in place of cDNA. 
Amplification in this control indicated possible contamination 
with genomic DNA during RNA extraction. NTC reactions were 
performed in triplicate alongside biological replicates. These 
procedures ensured that PCR results were not affected by 
contamination or non-specific amplification.

Table 1. Experimental design of the study: animal groups, induction method, and treatments.

Groups Number of rats Condition Induction method Treatment Duration

HC 5 Healthy — Saline (placebo) 4 weeks

DC 4 Diabetic STZ (50 mg/kg, i.p.) Saline (placebo) 4 weeks

D50 6 Diabetic STZ (50 mg/kg, i.p.) AG 50 mg/kg (i.p.) 4 weeks

D100 4 Diabetic STZ (50 mg/kg, i.p.) AG 100 mg/kg (i.p.) 4 weeks

D200 5 Diabetic STZ (50 mg/kg, i.p.) AG 200 mg/kg (i.p.) 4 weeks

AG, aminoguanidine; DC, diabetic control; HC, healthy control; i.p., intraperitoneal; STZ, streptozotocin.
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The PCR cycling conditions involved a 15-minute initial 
activation step at 95 °C followed by 40 cycles at 95 °C for 15 
seconds. The final temperatures were 60 °C and 72 °C, each 
for 30 seconds. Table 2 displays the primer sequences used in 
this research. The fold change was calculated using the 2-ΔCt 
method. To verify product quality, aliquots of real-time PCR 
reactions that had been dye-stained and subjected to agarose 
gel electrophoresis were visualized using a UV transilluminator.

Statistical analysis
Data were analyzed using IBM SPSS Statistics version 24.0. 
The normality of the data was assessed using the Kolmogorov–
Smirnov test. The means of two or more independent groups 
were compared using one-way analysis of variance. GraphPad 
Prism version 8.0 (GraphPad Software, Inc., CA, USA) was used 
to generate graphs, and statistical significance was defined 
as a p-value of 0.05 or less. Outliers were identified as values 
exceeding ±3 standard deviations from the group mean and were 
excluded from the analysis. No missing data were encountered in 
this study.

RESULTS
The fibrinogen gene expression 
The results demonstrated that the level of fibrinogen gene 
expression in the liver of untreated diabetic rats was significantly 
higher than that in healthy rats (p = 0.001). Figure 1 shows the 

comparison of fibrinogen gene expression between the diabetic 
and healthy groups. In this study, a 28-day treatment with AG at 
doses of 50, 100, and 200 mg/kg/day decreased the expression 
of the fibrinogen gene. However, this reduction was statistically 
significant only at 50 mg/kg/day (p = 0.047). Fibrinogen gene 
expression in treated diabetic rats compared with untreated 
diabetic rats is presented in Figure 1.

The levels of MDA
Our results suggested that MDA levels in untreated diabetic 
rats were higher than those in healthy rats (p < 0.05). The MDA 
levels among the untreated rats are illustrated in Figure 2. 
Measurement of MDA levels, as a marker of oxidative stress, 
demonstrated that all three doses of AG reduced MDA levels 
in the livers of diabetic rats (p < 0.001). The MDA levels after 
28 days of treatment with various doses of AG are shown in 
Figure 2.

The levels of FRAP 
FRAP measurements indicated that the untreated diabetic rats 
had lower FRAP levels than the healthy group (p < 0.05). The 
FRAP levels in the liver tissue of untreated rats are shown in 
Figure 3. AG injections increased FRAP levels in diabetic rats, 
with significant increases at doses of 50 and 100 mg/kg/day 
compared with untreated diabetic rats (p < 0.05). The FRAP 
levels after treatment with different doses of AG are shown in 
Figure 3.

Table 2. Detailed information regarding the primers utilized in the study.

Gene Primer sequence (5’ to 3’) Length of target

Fibrinogen Forward: CAAAGGGCAACTGCTTGGAAT
Reverse: CGGAGTCAGTAGTTGCAGCTT

132 bp

GAPDH Forward: CAACTCCCTCAAGATTGTCAGCAA
Reverse: GGCATGGACTGTGGTCATGA

118 bp

Bp, base pair; GAPDH, glyceraldehyde 3-phosphate dehydrogenase.

Figure 1. Comparison of fibrinogen gene expression between healthy and 
diabetic groups and after treatment with aminoguanidine. The data were 
reported as 2-ΔCt.
D100, diabetic rats administered with 100 mg/kg/day of aminoguanidine; D200, 
diabetic rats administered with 200 mg/kg/day of aminoguanidine; D50, diabetic 
rats administered with 50 mg/kg/day of aminoguanidine; DC, diabetic control; 
HC, healthy control.

Figure 2. Comparison of malondialdehyde levels between healthy and 
diabetic groups and after treatment with aminoguanidine. Data were 
presented as mean ± standard deviation.
D100, diabetic rats administered with 100 mg/kg/day of aminoguanidine; D200, 
diabetic rats administered with 200 mg/kg/day of aminoguanidine; D50, diabetic 
rats administered with 50 mg/kg/day of aminoguanidine; DC, diabetic control; 
HC, healthy control.
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DISCUSSION
Cardiovascular diseases account for the majority of deaths 
among individuals with diabetes mellitus; diabetes is associated 
with a two- to threefold greater risk of cardiovascular diseases. 
Evidence suggests that excessive oxidative stress may play a 
vital role in the development of both diabetes and cardiovascular 
diseases. Several studies have shown that plasma markers of 
oxidative stress are elevated in individuals with coronary artery 
disease or its risk factors.

The present study demonstrated that STZ-induced diabetes 
mellitus led to oxidative stress and altered MDA and FRAP 
levels in the livers of diabetic rats. STZ, a toxic glucose analog, 
selectively damages pancreatic beta cells, leading to oxidative 
stress.23 Elevated MDA levels during oxidative stress indicate 
lipid peroxidation. Preventing oxidative stress can help reduce 
the severity of diabetes mellitus. Thus, it is crucial to avoid the 
generation of free radicals by diabetes medications.

The current study assessed the impact of AG on oxidative 
stress and fibrinogen gene expression in diabetes mellitus. 
Mechanistically, AG may influence fibrinogen gene expression 
by modulating oxidative stress–related signaling pathways. 
Increased oxidative stress in diabetes can activate transcription 
factors such as NF-κB, which upregulate fibrinogen expression. 
By reducing reactive oxygen species and enhancing 
antioxidant defenses, AG may inhibit NF-κB activation, thereby 
downregulating fibrinogen transcription. Additionally, AG might 
interact with other signaling pathways involved in inflammation 
and coagulation, such as the MAPK and JAK/STAT pathways, 
contributing to its regulatory effect on fibrinogen gene 
expression.10,11

AG contains a nucleophilic hydrazine and a guanidine group, 
both of which can react with dicarbonyl compounds and 
biological molecules such as pyridoxal phosphate, pyruvate, 
glucose, and MDA. AG has been shown to have both antioxidant 
and pro-oxidant effects.24

MDA measurements revealed that all three AG doses 
significantly reduced MDA levels in STZ-induced diabetic rats. 
In addition, AG at doses of 50 and 100 mg/kg notably elevated 
FRAP levels in the livers of diabetic rats. Consistent with these 
findings, Rastegar-Moghaddam et al.25 demonstrated that AG 
administration attenuated hypothyroidism-induced liver injury 
by significantly lowering MDA, improving liver function tests, 
restoring antioxidant enzyme activities, and reducing fibrotic 
changes, particularly at a dose of 30 mg/kg. Similarly, in a 
model of renal ischemia/reperfusion injury, co-administration 
of AG mitigated the adverse effects of sumatriptan by 
reducing serum creatinine and blood urea nitrogen levels, 
decreasing MDA, and restoring superoxide dismutase activity.26 
In an alloxan-induced rabbit model of type 1 diabetes, AG 
administration significantly decreased early glycation products, 
including HbA1c and fructosamine, restored the activity of 
key antioxidant enzymes, and reduced excessive nitric oxide 
production.27 Moreover, Hosseini et al.28 demonstrated that AG 
exerted protective effects against endotoxin-induced renal 
dysfunction in rats, evidenced by reductions in MDA and nitric 
oxide metabolites, along with restored activities of superoxide 
dismutase and catalase. Collectively, these studies indicate that 
the protective effects of AG are largely mediated by inhibition of 
nitric oxide production from inducible nitric oxide synthase and 
enhancement of endogenous antioxidant and anti-inflammatory 
defenses, thereby alleviating oxidative and nitrosative stress-
related tissue damage.

Other studies used in vitro models of oxidized bovine serum 
albumin with glucose as a glycating agent to assess antioxidant 
activity and found that the group treated with AG had higher 
FRAP levels than the untreated group.29,30 The FRAP levels 
in the colon of the irritable bowel syndrome model were not 
significantly different from those in the AG-treated group (100 
mg/kg, intraperitoneally).31 The models examined in the studies 
mentioned above could account for the disparity in results. 
Overall, these findings indicate that the antioxidant effects 
of AG, demonstrated both in vitro and in animal models, may 
have clinical relevance by helping to mitigate oxidative stress 
in diabetes and thereby reduce the risk of cardiovascular 
complications.

The role of fibrinogen in the pathogenesis of atherosclerosis, 
and its consequences in patients with diabetes mellitus, has 
been investigated; previous research has confirmed the 
vital role of fibrinogen in the development of cardiovascular 
events.32,33 In addition to modulating oxidative stress and 
fibrinogen expression, AG may confer cardiovascular 
protection by improving endothelial function, reducing fibrin 
thrombus formation, and regulating fibrinolytic factors such as 
plasminogen activator inhibitor-1 and tissue-type plasminogen 
activator.34 However, investigations on the effects of AG on 
fibrinogen gene expression in diabetes mellitus were limited.

The current study demonstrated that treatment with AG at 
various doses reduced fibrinogen gene expression in diabetic 
rats. This reduction was statistically significant only in the 50 
mg/kg/day dose. This dose–response relationship suggested 

Figure 3. Comparison of FRAP levels between healthy and diabetic groups 
and after treatment with aminoguanidine. Data were presented as mean ± 
standard deviation.
D100, diabetic rats administered with 100 mg/kg/day of aminoguanidine; D200, 
diabetic rats administered with 200 mg/kg/day of aminoguanidine; D50, diabetic 
rats administered with 50 mg/kg/day of aminoguanidine; DC, diabetic control; 
FRAP, ferric reducing antioxidant of plasma; HC, healthy control.
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that moderate dosing was optimal for modulating fibrinogen 
expression, potentially reflecting a balance between inhibition 
of AGEs and avoidance of compensatory cellular responses 
that occur at higher doses. Further studies are needed to 
clarify the underlying molecular mechanisms and to determine 
the most effective dose range of AG for preventing vascular 
complications in diabetes.

Su et al.35 found that plasma fibrinogen levels were higher 
in patients with cardiovascular disease who died than in 
participants who survived. No formation of fibrin thrombi was 
observed in the livers of pigs in the AG group, either before 
or at the end of the ischemic period. However, the AG group 
showed reduced fibrin thrombus formation after reperfusion 
compared with other groups.36 In another study, treatment with 
AG (25 mmol/L) during glycation of low-density lipoprotein 
cholesterol significantly decreased plasminogen activator 
inhibitor-1 and increased tissue-type plasminogen activator in 
vascular endothelial cells.37

Based on the findings of the current study, future research 
could explore the long-term effects of AG on oxidative stress 
and fibrinogen expression in diabetic models. Studies in 
different animal models, including larger mammals, would help 
to confirm the generalizability of these results. Furthermore, 
clinical trials could evaluate the potential translational benefits 
of AG in managing oxidative stress and reducing cardiovascular 
risk in patients with diabetes. Additional investigations into 
the underlying molecular mechanisms and optimal dosing 
strategies are warranted to maximize therapeutic efficacy and 
safety.

Study limitations
This study had several limitations that should be noted. First, 
the sample size was relatively small, which may limit the 
statistical power and generalizability of the findings. Second, 
the study duration was short, and the longer-term effects of AG 
on oxidative stress and fibrinogen expression remain unclear. 
Third, the use of the STZ-induced diabetic rat model, while 
widely accepted, may not fully replicate all aspects of human 
diabetes and its cardiovascular complications. Finally, the study 
did not assess the potential side effects or toxicity of AG, which 
should be considered in future investigations. Future studies 
addressing these limitations would strengthen the evidence 
base for the therapeutic potential of AG.

CONCLUSION
Diabetes mellitus is a complex metabolic disease in which 
oxidative stress and hyperfibrinogenemia play central roles 
in disease progression and the development of cardiovascular 
complications. In this study, AG, an inhibitor of AGE formation, 
significantly reduced oxidative damage and fibrinogen gene 
expression in diabetic rats. These findings suggest that AG may 
have clinical benefits in mitigating oxidative stress, regulating 
fibrinogen levels, and lowering cardiovascular risk in patients 
with diabetes. Future studies are warranted to optimize dosing, 
evaluate long-term effects, and confirm these protective effects 
in clinical settings.
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