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Abstract This research is designed to assess the
anti-atherogenic activity of aminoguanidine against
diabetes-accelerated atherosclerosis in albino rats. The
Wistar albino rats (150-200 g) were used for the
investigation. Animals were fed an atherogenic diet for 45
days after by acute intraperitoneal injection of alloxan (120
mg/kg) on the Oth day. From day 16th to 45th, group II
(atherogenic control) received normal saline (10 ml/kg/day,
p-o.), group III (standard) received atorvastatin (10
mg/kg/day, p.o.), group IV (aminoguanidine-25) received
intraperitoneal injections of aminoguanidine at a dose 25
mg/kg/day, and group V (aminoguanidine-50) received
intraperitoneal injections of aminoguanidine at a dose 50
mg/kg/day. The results showed the potential beneficial
effect on aminoguanidine-treated animals especially at 50
mg/kg dose level, when compared to the atherogenic
control group. Aminoguanidine treatments significantly
restore the body weight, serum lipid levels (total
cholesterol, triglycerides, LDL, VLDL, and HDL),
atherogenic index, and serum hepatic biomarkers
(aspartate aminotransferase, alanine aminotransferase, and
alkaline phosphate). Moreover, results showed the potent
antioxidant activity of aminoguanidine, which is indicated
by significant restoration in hepatic oxidative Stress
markers like catalase, reduced glutathione, malonaldehyde,
and nitrite content in the aminoguanidine treatment group.
Overall results conclude that aminoguanidine mitigates the

progression of atherosclerosis against diabetes-accelerated

atherosclerotic ~ animal model by its  potent
antihyperlipidemic and antiatherogenic activity.
Keywords Aminoguanidine, Diabetes,

Atherosclerosis, Alloxan, High-Fat Diet

1. Introduction

Cardiovascular diseases and diabetes are the most
common causes of morbidity and mortality in now a day.
According to epidemiological research, hyperlipidemia,
and diabetes mellitus (DM), are considerably induced by
improper diet management, which is the prominent risk
factor for DM, hyperlipidemia, and cardiovascular disease
(CVD). It is well known that atherosclerosis exacerbates
rapidly and early in those with DM compared to people
without DM, and persons with DM are far more likely to
acquire CVD [1]. In patients with DM, CVD is the most
prevalent cause of mortality. In the United States, CVD
death rates are 1.7 times more prone in adults (over 18
years of age) with DM compared to those without DM,
mainly due to increased risk of stroke and myocardial
infarction [2]. Fifty to seventy percent of individuals with
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diabetes mellitus (DM) also experience CVD.
Complications from diabetes are closely related to how
high blood sugar levels rise and how they remain elevated.
Both type 1| and type 2 DM contribute to faster
development of arteriosclerosis [3].

DM is majorly classified into type-1 and type-2 DM.
Autoimmune destruction of pancreatic B-cells is the major
cause of type-1 DM. Therefore, production of insulin is
defective in these patients [4]. However, type-2 DM often
develops over the time with obesity. Insulin resistance is
major health risk in patients with DM and involve in
hepatic, muscles, and adipose tissues [5]. Insulin exhibits
variety of biological activity by activating the insulin
receptor including glycogen and lipid synthesis. In the
insulin resistance condition, action of insulin is impaired
and suboptimal in target tissues. Insulin resistance
exacerbates the pathophysiological conditions of metabolic
disorders [6]. Insulin resistance can lead to atherosclerosis
via variety of mechanisms like deregulation in lipid
metabolism, endothelial dysfunction, and vascular
dysfunction [7].

Atherosclerosis is a long-term inflammation of the artery
walls. This condition often results in serious disability or
even death. On the other hand, diabetes is a complicated
disorder affecting carbohydrate metabolism. It usually
goes hand in hand with high sugar levels. This happens due
to two main reasons: insufficient insulin production, poor
insulin function, or sometimes both. Insulin plays a key
role as an anabolic hormone, and when it’s lacking, it leads
to various metabolic issues in proteins, lipids, &
carbohydrates [8]. Atherosclerosis develops through
multiple stages and can eventually result in cardiovascular
disease, which has a significant impact on mortality rates.
The changes in lipid metabolism are both a risk factor for
atherosclerosis and a characteristic of it. Many studies have
explored the possible connections between chronic
diseases like these by looking at shifts in metabolic
pathways [9]. DM exacerbates the progression of
atherosclerosis at almost every stage of the atherogenic
process by hyperglycemia, dyslipidemia, and other
metabolic changes accompanying disease development are
closely involved in atherosclerosis pathogenesis [10].
Chronic inflammation plays a crucial role in the
development of atherosclerosis, which is closely related to
DM. But here’s the thing: we still don’t have solid data on
how to create effective anti-inflammatory treatments to
stop or even reduce those awful atherosclerotic lesions.
Therefore, it is postulated that anti-inflammatory drugs
may be helpful to reduce the progression of
diabetic-induced atherosclerosis [11]. In this area,
aminoguanidine stands out. It exhibits potent antiglycation
activity [12], anti-inflammatory activity [13], and
anti-oxidant activity [14]. So, in this study, we evaluated
the anti-atherosclerotic activity of aminoguanidine on
diabetes-accelerated atherosclerosis.
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2. Materials and Methods

2.1. Chemicals

Alloxan monohydrate (Loba Chemie Pvt. Ltd, Mumbai,
India), and aminoguanidine (Sigma-Aldrich Chemicals Pvt.
Ltd. Bangalore, India) were procured from Chemical
suppliers, Bilaspur, CG, India. Diagnostic kits for
Aspartate aminotransferase (AST), Alanine
aminotransferase (ALT), plasma alkaline phosphate (ALP),
total Cholesterol (TC), triglycerides (TG), and
high-density lipoprotein (HDL) were procured from
Beacon Diagnostics Pvt. Ltd, India. All other analytical
grade chemicals and reagents were procured from the
departmental chemical store.

2.2. Experimental Animals and Diets

We used male healthy Wistar albino rats (150-200 g) for
the investigation. Experimental animals were procured
from Chakraborty Enterprises, 3/1D Girish Vidyaratna
Lane, Narkeldanga, Kolkata-700011. After that, they were
kept in the departmental animal house facility for
experimental purposes under hygienic conditions (25 °C +
2, 55% RH, 12-12 hours light-dark cycle). Before the
experiment started, the rats in the animal facility were
given at least seven days for acclimatization. The
Committee for Control and Supervision of Experimental
Animals  (CPCSEA) wunder reference  number
256/IAEC/Pharmacy/2018 and the Institutional Animal
Ethics Committee of the Department of Pharmacy, Guru
Ghasidas Vishwavidyalaya, Bilaspur (Reg
No0-994/GO/Re/S/06/CPCSEA), have approved the studies
and methods presented in this paper.

Thirty rats in all were picked at random and placed into
five groups, each with six rats. The rats in Group I were fed
a regular diet and served as a normal group. In groups II to
V, diabetes was induced by acute intraperitoneal injection
of alloxan (120 mg/kg) on the 0" day. Thereafter, an
atherogenic diet of 40% sugar, 10% butter, 1 % sodium
cholate, and 2% cholesterol (w/w) was fed to the rats in
Groups 11 to V for the next 45 days. From day 16" to 45™,
group II (atherogenic control) received normal saline (10
ml/kg/day, p.o.), group III (standard) received atorvastatin
(10 mg/kg/day, p.o.), group IV (aminoguanidine-25)
received intraperitoneal injections of aminoguanidine at a
dose 25 mg/kg/day, and group V (aminoguanidine-50)
received intraperitoneal injections of aminoguanidine at a
dose 50 mg/kg/day [15].

After completion of the experimental protocol, animals
were kept overnight fasting and then sacrificed under an
overdose of anesthesia The liver tissues were isolated right
away and then dried using filter paper after being washed
with an ice-cold saline solution. The liver was ground into
a 10% particle size using a 7.4 pH 0.1M phosphate buffer
solution. After a heart puncture procedure, blood was
extracted and placed in tubes with citrate buffer [16].
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2.3. Biochemical Analysis

Twenty-four hours following the last scheduled dose,
the animals received an intraperitoneal dose of 60 mg/kg of
ketamine and 10 mg/kg of xylazine, a moderate aesthetic.
The retro-orbital plexus was then punctured using a
capillary tube to collect blood. One to two ml of blood was
drawn into each Eppendorf tube for every animal in each
group. The drawn blood was cold-centrifuged at 2000 rpm
for 20 minutes after being left for 30 to 45 minutes to aid in
coagulation. The serum supernatant was evaluated for
turbidity after being transferred to an additional Eppendorf
tube. The combination is subjected to a further
centrifugation procedure if turbidity is detected, which
lasts for 10 minutes at a speed of 2000 revolutions per
minute. The technique made use of a distinct serum sample,
and biochemical markers such as AST, ALT, ALP, TC, TG,
LDL, and HDL levels were examined using diagnostic kits.
Very low-density lipoprotein (VLDL), low-density
lipoprotein (LDL), and atherogenic index (AI) were
calculated by using a formula [17].

VLDL = Triglyceride/5
LDL =TC - (HDL + VLDL)
Al =TC-HDL/HDL

Oxidative stress markers were measured in the
supernatant of the liver tissue homogenate. Catalase (CAT)
activity was estimated by the methods of Aebi, [18].
Superoxide dismutase (SOD) activity was observed by
using the method of Kakkar et al. [19]. Reduced
glutathione (GSH) was monitored by using the method of
Ellman et al. as described by Goyal and Anil [20, 21].
Malondialdehyde (MDA) was estimated by assessing
thiobarbituric acid reactive substances (TBARS) by the
method of Goyal and Anil [21]. Nitrite content was
determined by the procedure described by Guevara et al
[22].

2.4. Statistical Analysis

The mean + standard error of the mean (SEM) was used
to express the presented values. The statistical study
employed an analysis of variance (ANOVA). The
computations were performed using the statistical software
Graph Pad Prism. In every study, a corresponding P < 0.05
was considered significant.
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3. Results

3.1. Effects on Body Weight

Results on body weight are presented in Figure 1. When
compared to the normal group (group I), group Il showed a
significant (P < 0.05) increase in body weight. When
compared to Group II (atherogenic control group), groups
III, IV, and V showed a significant (P < 0.05) decrease in
body weight from day 35 to day 45.
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Figure 1. Effect of Aminoguanidine on body weight on atherosclerotic
diabetic rats. Values are expressed as mean = SEM (n=6), and statistical
evaluation was carried out using a two-way analysis of variances followed
by Bonferroni’s post hoc test. # P < (.05 when compared to the normal
group and *P < 0.05 when compared to the atherogenic control group

3.2. Effects on Lipid Profile and Atherogenic Index

Results on lipid profile are presented in Table 1. In the
atherogenic control groups, when compared to the normal
group, a significant (P < 0.05) increase in serum TC, TG,
LDL, and VLDL levels, and a decrease in HDL level were
observed. Whereas, in standard and
aminoguanidine-treated groups, when compared to the
atherogenic control group, a significant (P < 0.05)
improvement in serum TC, TG, LDL, VLDL, and HDL
levels was observed. Moreover, results (Figure 2) also
indicated a significant (P < 0.05) improvement in the
atherogenic index after treatment with atorvastatin and
aminoguanidine treatments in their respective groups.

Table 1. Effect of Aminoguanidine on lipid profile on atherosclerotic diabetic rats

GROUP TC TG HDL LDL VLDL

(mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl)
Normal 140.4 + 6.66 143.3 +£7.08 28.33 £ 1.62 83.37£8.07 28.67+1.41
Atherogenic Control 3322+ 11.17* 312.5+ 15.59* 12.67 £0.88* 257.1+10.98* 62.50 £3.11*
Standard 20521221 175.3 £7.64" 22.17 + 1.64" 148.0 + 12.48" 35.03 £ 1.53"
Aminoguanidine-25 243.2 +9.96" 213.0+9.51" 20.17 £ 1.30° 180.4 +11.15° 42.60 + 1.90"
Aminoguanidine-50 224.5+11.03" 183.0 £9.35" 21.67+2.07" 166.2 £ 12.97" 36.60 £ 1.87

Values are exgressed as mean = SEM (n=6), and statistical evaluation was carried out using a one-way analysis of variances followed by Tukey’s

post hoc test.

P < 0.05 when compared to the normal group and *P < 0.05 when compared to the atherogenic control group.
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Figure 2. Effect of aminoguanidine on atherogenic index. Values are
expressed as mean + SEM (n=6), and statistical evaluation was carried out
using a one-way analysis of variances followed by Tukey’s post hoc test. *
P < 0.05 when compared to the normal group and *P < 0.05 when
compared to the atherogenic control group
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3.3. Effects on Serum Hepatic Biomarkers

Results on serum hepatic biomarkers like ALT, AST,
and ALP are presented in Table 2. When compared to the
normal control group, the atherogenic control group
showed significant (P < (0.05) elevation in serum hepatic
biomarkers like ALT, AST, and ALP. However, when
compared to the atherogenic control group, atorvastatin
and aminoguanidine treatment groups significantly (P <
0.05) reduced such serum hepatic biomarkers.

3.4. Effects on Hepatic Oxidative Stress Biomarkers

The antioxidant activity was assessed on liver tissues
and results are presented in Table 3. When compared to the
normal control group, the atherogenic control group
showed a significant (P < 0.05) reduction in CAT activity
and GSH level, and an elevation in MDA and nitrite levels,
which were significantly (P < 0.05 vs the atherogenic
control group) restored by treatments of atorvastatin and
aminoguanidine in their respective groups.

Table 2. Effect of Aminoguanidine on hepatic biomarkers on atherosclerotic diabetic rats

GROUP ALT (U/L) ALP (U/L) AST (U/L)

Normal 20.02 + 1.54 53.75+3.17 26.18 +2.34
Atherogenic Control 46.33 £2.64" 157.8 £3.95% 70.18 £2.08"

Standard 24.60 £1.23" 73.0 £2.86" 32.76 + 1.53"
Aminoguanidine-25 30.22 £2.07" 103.7+£3.01" 41.72£2.22°
Aminoguanidine-50 26.72 £1.92" 90.50 + 3.49" 36.65 + 1.46"

Values are exgressed as mean = SEM (n=6), and statistical evaluation was carried out using a one-way analysis of variances followed by Tukey’s

post hoc test.

P < 0.05 when compared to the normal group and *P < (.05 when compared to the atherogenic control group.

Table 3. Effect of Aminoguanidine on hepatic oxidative stress biomarkers

GROUP SOD MDA CAT GSH Nitrite
(U/g) (nmoles/g) (nmoles H202 consumed/mg/min) (nmoles/g) (nmoles/g)
Normal 66.17£5.19 60.0 £2.28 78.43 £2.83 16.0 £0.57 10.50£0.76
Atherogenic Control 25.33 + 1.74# 131.70 + 3.25# 24.50 +£2.20# 3.5+£0.45# 29.83 + 1.24#
Standard 44.83 £2.57* 75.17 £2.70%* 61.0 £5.82% 11.22+0.83*  16.50+0.99*
Aminoguanidine-25 35.83 £2.75% 93.0 £2.33* 42.0 +2.88* 8.35+0.55* 19.50 £ 1.33*
Aminoguanidine-50 41.33 £2.26* 71.50 £2.81%* 55.67 £3.70* 10.90 £ 0.79* 17.0 £ 1.03*

Values are exgressed as mean = SEM (n=6), and statistical evaluation was carried out using a one-way analysis of variances followed by Tukey’s

post hoc test.

P < 0.05 when compared to the normal group and *P < (.05 when compared to the atherogenic control group.
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4. Discussion

Type-2 DM is strongly associated with Hyperlipidaemia
and disturbed liver functions, which further exacerbates
atherosclerosis [23, 24]. The present study demonstrated
the potential beneficial effects of aminoguanidine
treatments against diabetes-accelerated atherosclerosis. In
the present study, atherosclerosis was induced by acute
administration of alloxan along with chronic feeding of a
high-fat diet. Results of the present study show that
aminoguanidine considerably reduced the body weight,
when compared to the atherogenic control group,
indicating it has a potential beneficial effect on body
weight.

It is well established that monitoring of lipid profile
helps to assume the dyslipidemia/hyperlipidemia
conditions. In the hyperlipidemia conditions, TC, TG, LDL,
and VLDL levels increase and HDL level decreases in
serum [25, 26], which was observed in the atherogenic
control group when compared to the normal group.
Whereas serum lipid profile was significantly restored by
treatments  of  aminoguanidine  indicating  the
anti-hyperlipidemic effects of aminoguanidine. Results
also indicate that aminoguanidine at 50 mg/kg had better
anti-hyperlipidemic effects.

The literature explained that higher levels of TC, TG,
LDL, and lower levels of HDL are strongly related to an
augmented risk of atherosclerosis and CVD [27, 28]. The
anti-atherosclerotic activity was assessed in this study by
monitoring Al. As we discussed above, diabetes and
hyperlipidemia exacerbate atherosclerosis, which is
presented by Al in the present study. The aminoguanidine
treatment significantly reduced the Al, when compared to
the atherogenic control group. The anti-atherosclerotic
effects of aminoguanidine might be due to its potential
anti-hyperlipidemic effects, because Al is related to the
level of TC and HDL. Higher levels of TC and lower levels
of HDL increase the Al which was observed in the
atherogenic control group, while lower levels of TC and
higher levels of HDL decrease the AI which was observed
in the aminoguanidine-treated groups. The results also
indicate that aminoguanidine at 50 mg/kg had better effects
than at 25 mg/kg dose level.

A plethora of literature revealed that Advanced
glycation endproducts (AGEs) are the major concern in the
diabetes conditions. AGEs are generated when lipids and
proteins are exposed to sugar and become glycated by
non-enzymatic process and are accelerated in DM.
Formation and accumulation of AGEs further lead to
variety of cardiovascular pathophysiological events
including oxidative stress, vascular damage, and
atherosclerotic ~ events. The acceleration of the
development of atherosclerotic plaque is primarily by two
mechanisms: either directly, by changing the extracellular
matrix molecules in the artery wall's functional
characteristics, or indirectly, by stimulating signaling
pathways dependent on cell receptors [29]. In this study we
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did not assess the role of AGEs but it is another important
parameter to  assess the  diabetes-accelerated
atherosclerosis.

Moreover, a plethora of literature demonstrates that
diabetes and hyperlipidemia may cause hepatic damage [30,
31]. The serum ALT, AST, and ALP are, authentic hepatic
biomarkers, elevated during liver damage condition [32];
which was observed in the atherogenic control group.
Whereas, aminoguanidine treatment considerably reduced
the serum hepatic biomarker against diabetic
hyperlipidemia. These results indicate the hepatoprotective
action of aminoguanidine, which might be due to the
antioxidant properties of aminoguanidine.

It is well established that the antioxidant defense system
of the biological system maintains the homeostasis
between the reactive oxygen species and antioxidants, and
further protects the cellular damages. The excessive
production of reactive oxygen species and depletion of
endogenous antioxidants like CAT and GSH are the
characteristic features of oxidative stress [33, 34], which
are studied in the present research. The kinds of literature
also validates the strong relationship between diabetes,
hyperlipidemia, and oxidative stress [35, 36]. Therefore,
we assessed the oxidative stress markers in the liver tissues.
The results showed potent antioxidant activity of
aminoguanidine, which is indicated by significant
restoration in oxidative stress markers like CAT, GSH,
MDA, and nitrite content in the aminoguanidine treatment

group.

5. Conclusions

Based on findings, aminoguanidine at 50 mg/kg/day
dose level had considerable beneficial effects against
atherogenic conditions. It significantly restored the body
weight, lipid profile, hepatic biomarkers, and oxidative
stress markers. Overall results conclude that
aminoguanidine  mitigates  the  progression  of
atherosclerosis against diabetes-accelerated atherosclerotic
animal model by its potent antihyperlipidemic and
antiatherogenic activity.

Acknowledgments

This research was conducted with the support of the
Department of Pharmacy at Guru  Ghasidas
Vishwavidyalaya (A Central University). It's important to
have access to adequate laboratory facilities for conducting
scientific research.

Conflict of Interest Statement

We now declare that we do not possess any conflicts of
interest.



Advances in Pharmacology and Pharmacy 13(3): 458-464, 2025

REFERENCES

(1]

(2]

[10]

[11]

[12]

Leon B M, Maddox T M. Diabetes and cardiovascular
disease: Epidemiology, biological mechanisms, treatment
recommendations and future research. World J Diabetes,
vol. 6, no. 13, pp. 1246-1258, 2015. https://doi.org/10.423
9/wjd.v6.i13.1246

Control C f D, Prevention %J Atlanta G U D o H, Services
H. National diabetes statistics report: Estimates of diabetes
and its burden in the united states, vol. 2014, 2014.

Kawamori R. Diabetes trends in japan. Diabetes Metab
Res Rev, wvol. 18 Suppl 3, pp. S9-13, 2002.
https://doi.org/10.1002/dmrr.296

Tan S Y, Mei Wong J L, Sim Y J, Wong S S, Mohamed
Elhassan S A, Tan S H, Ling Lim G P, Rong Tay N W,
Annan N C, Bhattamisra S K, Candasamy M. Type 1 and 2
diabetes mellitus: A review on current treatment approach
and gene therapy as potential intervention. Diabetes &
Metabolic Syndrome: Clinical Research & Reviews, vol.
13, no. 1, pp. 364-372, 2019. https://doi.org/10.1016/j.dsx.
2018.10.008

Krause M, De Vito G. Type 1 and type 2 diabetes mellitus:
Commonalities, differences and the importance of exercise
and nutrition. Nutrients, vol. 15, no. 19, 2023.
https://doi.org/10.3390/nu15194279

Angelidi A M, Filippaios A, Mantzoros C S. Severe
insulin resistance syndromes. The Journal of Clinical
Investigation, vol. 131, no. 4, 2021. https://doi.org/10.1172
/JCI142245

Ormazabal V, Nair S, Elfeky O, Aguayo C, Salomon C,
Zuiiga F A. Association between insulin resistance and
the development of cardiovascular disease. Cardiovascular
Diabetology, vol. 17, no. 1, pp. 122, 2018.
https://doi.org/10.1186/s12933-018-0762-4

Tomkin G H. Atherosclerosis, diabetes and lipoproteins.
Expert Rev Cardiovasc Ther, vol. 8, no. 7, pp. 1015-1029,
2010. https://doi.org/10.1586/erc.10.45

Standl E, Miller M, Schnell O. The impact of
glucose-lowering therapy on cardiovascular outcomes.
Best Pract Res Clin Endocrinol Metab, vol. 23, no. 3, pp.
401-411, 2009. https://doi.org/10.1016/j.beem.2009.03.010

Poznyak A, Grechko A V, Poggio P, Myasoedova V A,
Alfieri V, Orekhov A N. The  diabetes
mellitus-atherosclerosis connection: The role of lipid and
glucose metabolism and chronic inflammation. Int J Mol
Sci, vol. 21, no. 5, 2020. https://doi.org/10.3390/ijms21051
835

Prince C T, Becker D J, Costacou T, Miller R G, Orchard
T J. Changes in glycaemic control and risk of coronary
artery disease in type 1 diabetes mellitus: Findings from
the pittsburgh epidemiology of diabetes complications
study (edc). Diabetologia, vol. 50, no. 11, pp. 2280-2288,
2007. https://doi.org/10.1007/s00125-007-0797-7

Lauko K K, Nesterowicz M, Trocka D, Dankowska K,
Zendzian-Piotrowska M, Zalewska A, Maciejczyk M.
Novel properties of old propranolol-assessment of

[14]

[16]

[22]

(23]

[24]

[25]

463

antiglycation activity through in vitro and in silico
approaches. ACS Omega, vol. 9, no. 25, pp. 27559-27577,
2024. https://doi.org/10.1021/acsomega.4c03025

Saczewski F, Balewski L. Biological activities of
guanidine compounds. Expert Opin Ther Pat, vol. 19, no.
10, pp. 1417-1448, 2009. https://doi.org/10.1517/1354377
0903216675

Brodiak I, Sybirna N. Effect of aminoguanidine on
oxidative modification of proteins in experimental diabetes
mellitus in rats [article in ukrainian]. Ukrainskii
biokhimicheskii zhurnal, vol. 78, pp. 114-119, 2006.

Biplav S, Sindhura G, Shivalinge G K P. To evaluate the
anti-atherosclerotic potential of  quercetin in
alloxaninduced diabetic rats fed with high-fat diet. Asian
Journal of Pharmaceutical and Clinical Research, vol. 11,
no. 3, pp. 379-383, 2018. https://doi.org/10.22159/ajpcr.20
18.v11i3.23056

Padhy J, Samal P K, Choudhary R, Shree J, Vaishnaw B.
Combined antihyperlipidemic effect of acetyl-l-carnitine
and  bupropion against high fat diet-induced
hyperlipidemia model. Adv Pharmacol Pharmacy, vol. 12,
no. 4, pp. 359-366, 2024. https://doi.org/10.13189/app.202
4.120408

Soni D, Choudhary R, Samal P. Potential
antihyperlipidemic effect of edaravone against triton x-100
and high fat diet (hfd) induced experimental model of
hyperlipidemia in rats. J Heart Health., vol. 8§, no. 1, 2022.
https://doi.org/10.16966/2379-769X.165

Aebi H. Catalase in vitro. Methods Enzymol., vol. 105, no.
pp- 121-126, 1984. https://doi.org/10.1016/s0076-6879(84)
05016-3

Kakkar P, Das B, Viswanathan P N. A modified
spectrophotometric assay of superoxide dismutase. Indian
J Biochem Biophys, vol. 21, no. 2, pp. 130-132, 1984.
(PMID: 6490072).

Ellman G L. Tissue sulfhydryl groups. Arch Biochem
Biophys, vol. 82, no. 1, pp. 70-77, 1959. (PMID:
13650640).

Goyal R, Anil K. Protective effect of alprazolam in acute
immobilization stress-induced certain behavioral and
biochemical alterations in mice. Pharmacol Rep., vol. 59,
no. 3, pp. 284-290, 2007. PMID: 17652828

Guevara I, Iwanejko J, Dembinska-Kie¢ A, Pankiewicz J,
Wanat A, Anna P, Gotabek I, Bartu§ S,
Malczewska-Malec M, Szczudlik A. Determination of
nitrite/nitrate in human biological material by the simple
griess reaction. Clin Chim Acta, vol. 274, no. 2, pp.
177-188, 1998. https://doi.org/10.1016/s0009-8981(98)000
60-6

Al-Jameil N, Khan F A, Arjumand S, Khan M F,
Tabassum H. Associated liver enzymes with
hyperlipidemic profile in type 2 diabetes patients. Int J
Clin Exp Pathol, vol. 7, no. 7, pp. 4345-4349, 2014.

YeJ, Li L, Wang M, Ma Q, Tian Y, Zhang Q, Liu J, Li B,
Zhang B, Liu H, Sun G. Diabetes mellitus promotes the
development of atherosclerosis: The role of nlrp3. vol. 13,
2022. https://doi.org/10.3389/fimmu.2022.900254

Gundamaraju R, Hwi K, Singla R, Vemuri R, Mulapalli S.



464

[26]

(27]

(28]

Assessment of Anti-Atherosclerotic Activity of Aminoguanidine on Diabetes Accelerated Atherosclerosis

Antihyperlipidemic potential of albiziaamara (roxb) boiv.
Bark against triton x-100 induced hyperlipidemic
condition in rats. Pharmacognosy Research, vol. 6, no. 4,
pp- 267-273, 2014. https://doi.org/10.4103/0974-8490.138
237

Samal P K, Meena K P, Shree J, Choudhary R.
Hypolipidemic activity of hiptage benghlensis leaf extracts
on high fat diet induced hyperlipidaemic rats. Int J of
Pharm Sci Drug Res, vol. 15, no. 3, pp. 350-355, 2023.
https://doi.org/10.25004/IJPSDR.2023.150316

Nelson R H. Hyperlipidemia as a risk factor for
cardiovascular disease. Primary care, vol. 40, no. 1, pp.
195-211, 2013. https://doi.org/10.1016/j.pop.2012.11.003

Fruchart J-C, Nierman M C, Stroes E S G, Kastelein J J P,
Duriez P. New risk factors for atherosclerosis and patient
risk assessment. Circulation, vol. 109, no. 23 _suppl 1, pp.
II1-15-111-19, 2004. https://doi.org/10.1161/01.CIR.000013
1513.33892.5b

Del Turco S, Basta G. An update on advanced glycation
endproducts and atherosclerosis. Biofactors, vol. 38, no. 4,
pp. 266-274, 2012. https://doi.org/10.1002/biof.1018

Mohamed J, Nazratun Nafizah A H, Zariyantey A H,
Budin S B. Mechanisms of diabetes-induced liver damage:
The role of oxidative stress and inflammation. Sultan
Qaboos Univ Med J, vol. 16, no. 2, pp. e132-141, 2016.
https://doi.org/10.18295/squm;j.2016.16.02.002

[31]

[32]

[36]

Firdous S M, Hazra S, Gopinath S C B, El-Desouky G E,
Aboul-Soud M A M. Antihyperlipidemic potential of
diosmin in swiss albino mice with high-fat diet induced
hyperlipidemia. Saudi J Biol Sci., vol. 28, no. 1, pp.
109-115, 2021. https://doi.org/10.1016/j.sjbs.2020.08.040

Concepcion Navarro M, Pilar Montilla M, Martin A,
Jiménez J, Pilar Utrilla M. Free radical scavenger and
antihepatotoxic activity of rosmarinus tomentosus. Planta
Med, wvol. 59, mno. 4, pp. 312-314, 1993.
https://doi.org/10.1055/s-2006-959688

Pandey K B, Rizvi S 1. Markers of oxidative stress in
erythrocytes and plasma during aging in humans. Oxid
Med Cell Longev, vol. 3, no. 1, pp. 2-12, 2010.

Fisher-Wellman K, Bell H K, Bloomer R J. Oxidative
stress and antioxidant defense mechanisms linked to
exercise during cardiopulmonary and metabolic disorders.
Oxid Med Cell Longev., vol. 2, no. 1, pp. 43-51, 2009.
https://doi.org/10.4161/0xim.2.1.7732

Csonka C, Sarkozy M, Pipicz M, Dux L, Csont T.
Modulation of hypercholesterolemia-induced
oxidative/nitrative stress in the heart. Oxid Med Cell
Longev., wvol. 2016, mno. pp. 3863726, 2016.
https://doi.org/10.1155/2016/3863726

Tangvarasittichai S. Oxidative stress, insulin resistance,
dyslipidemia and type 2 diabetes mellitus. World J
Diabetes, vol. 6, no. 3, pp. 456-480, 2015.
https://doi.org/10.4239/wjd.v6.13.456.





