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Abstract: This study looked into the atherogenicity of certain flavonoids in 

streptozotocin-induced diabetic rats, where a single and a mixed dose of Quercetin 

(QUE), Curcumin (CUR), and Silymarin (SIL) were administered. 

Methods: The rats were given a single intraperitoneal (i.p.) injection of 45 mg/kg b.wt. 

of streptozotocin to develop diabetes. Conventional spectrophotometric methods were 

used to analyse serum lipid profiles, whereas standard equations were used to compute 

atherogenicity, atherogenic indices/coefficients, and serum lipid ratios. 

Results: Serum total cholesterol (TC) concentrations in experimental rat groups ranged 

from 0.98 ± 0.04 mmol/L to 1.69 ± 0.11 mmol/L (p < 0.05). The concentration of 

serum high-density lipoprotein (HDL) in untreated diabetic rats was substantially lower 

(p < 0.05) than in treated diabetic rats. The atherogenic risk indices (ARI) of treated 

diabetes groups ranged from 3.88 0.79 to 6.83 0.24, while the ARI of the untreated 

diabetic group was 14.57 ± 0.83. The atherogenic index of plasma (AIP) versus 

LDL concentrations of the experimental rat groups yielded a reasonably well-fitting 

regression line (R2 = 0.5723). Flavonoid-treated diabetic groups had atherogenic 

protection ranging from 53.10 to 73.38%. 

Conclusion: This study found that CUR, SIL, and a combination of the two with QUE 

provided diabetic rats with a disproportionately high level of protection against 

atherogenic consequences. 
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1.Introduction

Diabetes is a chronic illness caused by the 

body's inability to either make insulin (T1DM) 

or use insulin effectively (T2DM). This is 

usually characterized by hyperglycemia, 

urination, increased thirst, tiredness, and the 

formation of wounds with delayed healing(27). 

Diabetes is one of the fastest-growing 

diseases worldwide projected to affect 693 

million people by 2045. Leading to 

macrovascular complications (cardiovascular 

disease) and microvascular complications (such 

as diabetic retinopathy and neuropathy, diabetic 

kidney disease) lead to increased blindness, 

mortality, and kidney failure (8). Under 

hyperglycemic conditions, vascular endothelial 

dysfunction plays a critical role in mediating 

both microvascular and macrovascular 

consequences (27) 

Atherosclerosis is a common chronic 

inflammatory condition of the arterial wall that 

causes impairment and mortality. 

Atherosclerosis manifests as in its latter stages 

as a lesion of the artery wall's first layer and 

plaque accumulation. The rupture of 

atherosclerotic plaques causes thrombotic 

events to occur more quickly, which can be 

deadly. Decades of careful research have 

revealed that atherosclerosis has a complicated 

aetiology, with chronic inflammation and lipid 

accumulation in the artery wall as the key 

components (29)  

Diabetes mellitus is linked to 

hyperlipidemia, which is a complication of the 
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disease (32). Lipid metabolism and 

hypercholesterolemia are linked to 

atherosclerosis. Local endothelial dysfunction, 

which may be produced by blood flow 

imbalance around the sites of arterial 

bifurcations, is thought to start the sequence of 

pathological events that leads to atherosclerosis 

development. The endothelium of blood vessels 

responds to mechanical stress by activating, 

which leads to the stimulation of  immune 

system. Circulating monocytes adhere to and 

enter the damaged artery wall, transforming 

into macrophages that participate in lipid 

uptake via phagocytosis and give birth to foam 

cells, which are abundant in atherosclerotic 

plaques (29). 

The lipid profile reflects the proportionate 

lipid component of the blood. Estimating 

blood  lipid concentrations and ingredient ratios 

provides reliable diagnostic and prognostic 

information for atherogenic dyslipidemia, 

determining arteriosclerosis risk, and defining 

cardiovascular disease and death rate. Increased 

serum TC, TG, LDL, and VLDL concentrations 

over their reference ranges are frequently 

indicators of dyslipidemia and increased 

cardiovascular disease occurrence. Increased 

TG and LDL concentrations in the blood have 

been linked to an increased risk of cardiac 

disease. Clinical studies and empirical data, on 

the other hand, revealed an inverse association 

between serum  HDL levels and the occurrence 

of atherogenic dyslipidemia. The atherogenic 

index of plasma (AIP), which is the logarithmic 

ratio of blood TG to blood HDL content, is a 

significant indicator of coronary heart disease 

(CHD). Atherosclerotic dyslipidemia is also 

determined by the ratio of serum LDL to HDL 

concentrations, as well as the serum 

[TC]/[HDL] ratio. These ratios can be used as 

diagnostic parameters to determine the level of 

cardiovascular disease (7).  

Medicinal plant use has grown in popularity 

around the world, and it now plays a vital role 

in illness treatment, particularly in diabetes. 

Natural substances and active phytochemicals 

found in medicinal plants can help to enhance 

health and relieve illness while also giving 

some cancer protection and activating the 

immune response. The main benefits of 

medicinal plants appear to be their efficacy, 

minimal risk of side effects (when used 

correctly), and inexpensive cost (32). A huge 

number of medicinal plants contain flavonoids 

which are natural antidiabetic and antioxidant 

compounds. Moreover, containing anti-

inflammatory effects (6). 

Quercetin is a flavonoid compound and one 

of the dietary polyphenols with potent 

pharmacological properties, including anti-

diabetic, anti-inflammatory, antioxidant, 

anticancer, cardioprotective, and anti-allergic 

properties. (4).  

Among these medicinal plants, is the 

Curcuma longa plant which contains curcumin.  

Curcumin has pharmacological and biological 

effects that include anti-microbial, 

hypoglycemic, anti-inflammatory, 

cardioprotective, antioxidant, and 

immunomodulatory effects (28).  

Additionally, curcumin has an effective role 

in lipoprotein metabolism and in the treatment 

of cardiovascular risk factors in coronary artery 

disease by decreasing serum triglyceride, LDL, 

and VLDL levels (14).  

Silymarin is a mixture of active flavonoids 

and flavonolignans extracted from Silybum 

marianum (L.) Gaertn. Plant. The principal 

compounds in silymarin flavonoids and 

flavonolignans possess pharmacological 

activities as a scavenger and antioxidant 

properties acting against free radicals, 

additionally anti-diabetic (T2D) and anti-

inflammatory effects (21).  

We believe that single and combination 

medicinal flavonoid plants have various 

abilities to treat atherogenic dyslipidemia and 

lower atherogenicity risk markers in diabetic 

patients. As a result, this study looked into the 

atherogenicity of single and combined 

flavonoids of Quercetin (QUE), Curcumin 

(CUR), and Silymarin (SIL) in streptozotocin-

induced diabetic rats. 

 

2. Materials and methods 

2.1 Chemicals 

Streptozotocin (STZ), Quercetin (QUE), 

Curcumin (CUR), and Silymarin (SIL) were 

purchased from Sigma-Aldrich Company, 

USA. All the reagents and other chemicals 

were of high analytical grade. 
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2.1.Experimental animals 

Eighty male albino rats were purchased from 

Theodore Bilharz Research Institute, Giza, 

Egypt, with an average body weight of 140-160 

g. All rats were kept in well-ventilated steel 

cages and kept at a constant room temperature 

of 25 2 °C on a 12-hour light/12-hour dark 

cycle, with a commercial standard feed and free 

access to water. For acclimation to ambient 

circumstances, the rats were housed for two 

weeks.  

The Ethical Committee on the Use of 

Animals in Research at Mansoura University in 

Mansoura, Egypt, gave their approval to this 

work. The rats were handled in compliance 

with the United States' established laboratory 

animal care practises. (26). 

2.1. Experimental diabetic induction  

All rats were starved for 12 hours before 

being given streptozotocin (STZ, Sigma, St. 

Louis, Missouri, USA). to induce diabetes. The 

rats were injected intraperitoneally with a 

freshly prepared solution of 45 mg STZ/kg 

b.wt, 0.2 ml of each was dissolved in 0.05 M 

sodium citrate buffer, pH 4.5 (15).(23).  

Within 2-3 days after STZ injection, STZ-

injected animals exhibited massive glycosuria 

and fresh blood samples were drawn from the 

tail vein for measuring blood glucose levels by 

Accu-Chek Performa (Roche Diabetes Care, 

Indianapolis, IN, USA)  

. Only animals with an FBS level of 250 

mg/dl at 72 hours after injection were declared 

diabetic (32).  

2.1.Experimental design 

A sum of 80 male albino rats were separated 

into ten groups, each consisting of eight rats: 

Group1 Control rats received a standard diet. 

Group2 STZ-induced Diabetic rats (induction of 

diabetes by a single i.p. injection of 

STZ, 45 mg/kg body weight). 

Group3 Control rats treated with Quercetin (80 

mg/kg b.wt/day) for long 40 days via 

oral gavage. 

Group4 STZ-induced diabetic rats were treated 

with Quercetin (80 mg/kg b.wt/day) for 

long 40 days via oral gavage.  

Group5 Control rats treated with Curcumin (80 

mg/kg b.wt/day) for long 40 days via 

oral gavage. 

Group6 STZ-induced diabetic rats were treated 

with Curcumin (80 mg/kg b.wt/day) for 

long 40 days via oral gavage. 

Group7 Control rats treated with Silymarin (80 

mg/kg b.wt/day) for long 40 days via 

oral gavage. 

Group8 STZ-induced diabetic rats were treated 

with Silymarin (80 mg/kg b.wt/day) for 

long 40 days via oral gavage. 

Group9 Control rats were treated with a mixture 

of Quercetin, Curcumin, and Silymarin 

(80 mg/kg b.wt/day) for each component 

for long 40 days via oral gavage. 

Group10 STZ-induced diabetic rats were treated 

with a mixture of Quercetin, Curcumin, 

and Silymarin (80 mg/kg b.wt/day) for 

each component for long 40 days via 

oral gavage. 

2.1. Collection of blood 

Rats were starved overnight and then 

slaughtered after being sedated with diethyl 

ether at the end of the experiment (40 days). 

Blood samples were taken after a fast and 

allowed to clot. Standard procedures were used 

to determine the blood lipid profile 

measurements of the corresponding rat groups. 

2.1. Lipid profile 

Serum total cholesterol (22) and triglyceride 

(3) levels were determined 

spectrophotometrically using commercially 

available kits (SPINREACT, Spain), and serum 

HDL level was assessed using the method 

described by (13). LDL  levels were calculated 

using  (11). 

[LDL] = [TC] − [HDL] − [
[TG]

5
] (1) 

Burnstein & Sammaille, 1960 methods were 

used to compute serum VLDL concentrations, 

with the ratio of serum VLDL to TG 

concentrations set at 1:5 in fasted rats. 

[VLDL] = [
[TG]

5
] (2) 

2.1. Atherogenic risk index 

According to the Durendić-Brenesel et al., 

2013 approach, the Atherogenic Risk Index 

(ARI) was calculated as follows: 

ARI =
[TC]  − [HDL]

[HDL]
 (3) 

 

2.1. Percentage protection 
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The Percentage protection against 

atherogenicity of flavonoid treated STZ-

induced diabetic rats groups (Groups 4, 6, 8, 

and 10) was calculated (Chikezie et al., 2018): 

% protection

=
𝐴𝑅𝐼𝑆𝑇𝑍−𝐺𝑟𝑜𝑢𝑝 − 𝐴𝑅𝐼𝑆𝑇𝑍−𝑇𝑟𝑒𝑎𝑡𝑒𝑑 𝐺𝑟𝑜𝑢𝑝

𝐴𝑅𝐼𝑆𝑇𝑍−𝐺𝑟𝑜𝑢𝑝
𝑥100 

(4) 

where: 

STZ-Group (Negative Control) = Diabetic 

patients who have not been treated (Group 2). 

STZ-Treated group = Flavonoid treated 

diabetic groups (Groups 4, 6, 8, and 10). 

2.1. Atherogenic risk predictor indices 

(2) presented the following Atherogenic 

Risk Predictor Indices: 

𝐴𝐼𝑃 =  𝐿𝑜𝑔
[TG]

[HDL]
 (5) 

𝐶𝑅𝐼 − 𝐼 =  
[TC]

[HDL]
 (6) 

𝐶𝑅𝐼 − 𝐼𝐼 =  
[LDL]

[HDL]
 ( 7) 

Eq. (5) represents AIP (atherogenic index 

plasma) 

Eq. (6) represents CRI-I (Castelli’s risk index I)  

Eq. ( 7) represents CRI-II (Castelli’s risk index 

II) 

2.4.Statistical and data analyses 

The software GraphPad Prism 8.0.2 (263) 

was used to analyse the data. The results were 

presented as means ± standard deviations. 

Statistical significance was defined as a P-value 

of less than 0.05. One-way analysis of variance 

(ANOVA) was used for statistical multiple 

comparisons, followed by Tukey's test for 

PostHoc. Excel software (Microsoft, 365 

version) was used to examine Pearson's 

regression analysis and correlation coefficient. 

3.Results  

Groups 1–10 had serum TG values ranging 

from 0.28 ± 0.01 mmol/L to 0.61 ± 0.06 

mmol/L (p < 0.05). The lowest serum TG 

concentration was found in Group 8, while the 

highest serum TG concentration was found in 

Group 2 (p 0.05). In general, Group 1 had 

significantly lower serum TG concentrations (p 

0.05) than Group 2. However, Group 2 had 

significantly higher serum TG concentrations (p 

< 0.05) than the other groups (3–10) (Error! 

Not a valid bookmark self-reference.) shows 

that serum LDL concentrations in Groups 1–10 

ranged between 0.71 ±  0.02 mmol/L and 1.46 

± 0.09 mmol/L (p < 0.05). The highest serum 

LDL concentration was found in Group 2, 

whereas the lowest serum LDL concentration 

was found in Group 7. When compared to 

Group 7, serum LDL concentrations in Group 2 

were 2.06 times higher (p > 0.05). 

Groups 1,3–5, and 8–10 had significantly 

higher serum LDL values (p < 0.05) than 

Groups 6 and 7. Groups 3–10, on the other 

hand, had significantly lower serum LDL 

values (p < 0.05) than Group 2. Error! Not a 

valid bookmark self-reference. revealed that 

serum LDL concentrations in Groups 1, 3, 5, 

and 8 were not significantly different (p > 

0.05). The serum VLDL concentrations of the 

matched rat groups were 5 times lower than the 

serum TG values (Error! Not a valid 

bookmark self-reference.)

 

 

Table 1). 

Groups 1–10 had serum TC values ranging 

from 0.98 0.04 mmol/L to 1.69 ± 0.11 mmol/L 

(p < 0.05). Furthermore, Group 2 had the 

greatest serum TC concentration, while Group 

7 had the least serum TC (p < 0.05). Group 7's 

serum TC concentration was 1.72-fold lower 

than Group 2's serum TC concentration (p < 

0.05). There was no significant variation (p > 

0.05) in serum TC values between groups 1, 3, 

4, 5, 6, 7, 8, 9, and 10. Groups 3–10 had 

significantly lower serum TC values (p < 0.05) 

than Group 2. Similarly, serum TC values in 

Groups 6, 7, and 9 were significantly lower (p 

< 0.05) than those in Group 1 (Error! Not a 

valid bookmark self-reference.) shows that 

serum LDL concentrations in Groups 1–10 

ranged between 0.71 ±  0.02 mmol/L and 1.46 

± 0.09 mmol/L (p < 0.05). The highest serum 

LDL concentration was found in Group 2, 

whereas the lowest serum LDL concentration 

was found in Group 7. When compared to 

Group 7, serum LDL concentrations in Group 2 

were 2.06 times higher (p > 0.05). 
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Groups 1,3–5, and 8–10 had significantly 

higher serum LDL values (p < 0.05) than 

Groups 6 and 7. Groups 3–10, on the other 

hand, had significantly lower serum LDL 

values (p < 0.05) than Group 2. Error! Not a 

valid bookmark self-reference. revealed that 

serum LDL concentrations in Groups 1, 3, 5, 

and 8 were not significantly different (p > 

0.05). The serum VLDL concentrations of the 

matched rat groups were 5 times lower than the 

serum TG values (Error! Not a valid 

bookmark self-reference.)

 

 

Table 1). 

Serum Group 1's serum HDL concentration 

was 1.5 times greater than Group 2's (p < 0.05) 

(Error! Not a valid bookmark self-

reference.) shows that serum LDL 

concentrations in Groups 1–10 ranged between 

0.71 ±  0.02 mmol/L and 1.46 ± 0.09 mmol/L 

(p < 0.05). The highest serum LDL 

concentration was found in Group 2, whereas 

the lowest serum LDL concentration was found 

in Group 7. When compared to Group 7, serum 

LDL concentrations in Group 2 were 2.06 times 

higher (p > 0.05). 

Groups 1,3–5, and 8–10 had significantly 

higher serum LDL values (p < 0.05) than 

Groups 6 and 7. Groups 3–10, on the other 

hand, had significantly lower serum LDL 

values (p < 0.05) than Group 2. Error! Not a 

valid bookmark self-reference. revealed that 

serum LDL concentrations in Groups 1, 3, 5, 

and 8 were not significantly different (p > 

0.05). The serum VLDL concentrations of the 

matched rat groups were 5 times lower than the 

serum TG values (Error! Not a valid 

bookmark self-reference.)

 

 

Table 1). Group 2 had significantly lower 

serum HDL concentrations (p < 0.05) than 

Groups 3–10. In comparison, serum HDL 

concentrations in Groups 3, 4, 7, and 10 were 

not significantly different (p > 0.05). Similarly, 

there was no significant difference in serum 

HDL concentrations between Groups 6 and 8 (p 

> 0.05). The serum HDL concentrations in 

Groups 5 and 9 were also low (Error! Not a 

valid bookmark self-reference.) shows that 

serum LDL concentrations in Groups 1–10 

ranged between 0.71 ±  0.02 mmol/L and 1.46 

± 0.09 mmol/L (p < 0.05). The highest serum 

LDL concentration was found in Group 2, 

whereas the lowest serum LDL concentration 

was found in Group 7. When compared to 

Group 7, serum LDL concentrations in Group 2 

were 2.06 times higher (p > 0.05). 

Groups 1,3–5, and 8–10 had significantly 

higher serum LDL values (p < 0.05) than 

Groups 6 and 7. Groups 3–10, on the other 

hand, had significantly lower serum LDL 

values (p < 0.05) than Group 2. Error! Not a 

valid bookmark self-reference. revealed that 

serum LDL concentrations in Groups 1, 3, 5, 

and 8 were not significantly different (p > 

0.05). The serum VLDL concentrations of the 

matched rat groups were 5 times lower than the 

serum TG values (Error! Not a valid 

bookmark self-reference.)

 

 

Table 1).  

The mean ±  S.D. of eight (n=8) measurements. 

According to Tukey's test, the means in the column 

with the same letter are statistically different at p < 

0.05. Values that sharing common superscript 

letters (a–f) in the same column differ significantly 

at p < 0.05 

Error! Not a valid bookmark self-

reference.) shows that serum LDL 

concentrations in Groups 1–10 ranged between 

0.71 ±  0.02 mmol/L and 1.46 ± 0.09 mmol/L 

(p < 0.05). The highest serum LDL 

concentration was found in Group 2, whereas 

the lowest serum LDL concentration was found 

in Group 7. When compared to Group 7, serum 

LDL concentrations in Group 2 were 2.06 times 

higher (p > 0.05). 

Groups 1,3–5, and 8–10 had significantly 

higher serum LDL values (p < 0.05) than 

Groups 6 and 7. Groups 3–10, on the other 

hand, had significantly lower serum LDL 

values (p < 0.05) than Group 2. Error! Not a 

valid bookmark self-reference. revealed that 

serum LDL concentrations in Groups 1, 3, 5, 

and 8 were not significantly different (p > 

0.05). The serum VLDL concentrations of the 

matched rat groups were 5 times lower than the 
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serum TG values (Error! Not a valid bookmark self-reference.)

 

 

Table 1 Experimental rat groups' serum lipid profiles. 

Rat group lipid profile of the serum (mmol/L) 

TG TC HDL LDL VLDL 

Group 1 0.29 ± 0.03 
af 

1.20 ± 0.07 
a
 0.16 ± 0.01 

a
 0.98 ± 0.06 

a
 0.06 ± 0.01 

a
 

Group 2 0.61 ± 0.06
 abcde

 1.69 ± 0.11
 abcde

 0.11 ± 0.01
 abcde

 1.46 ± 0.09
 abcde

 0.12 ± 0.01
 abcd

 

Group 3 0.44 ± 0.06
 a
  1.24 ± 0.07

 a
 0.18 ± 0.01 

a
 0.97 ± 0.06 

a
 0.09 ± 0.01 

a
 

Group 4 0.47 ± 0.01
 bf

 1.25 ± 0.08
 b
 0.16 ± 0.01

 b
 1.00 ± 0.06

 b
 0.09 ± 0.01 

Group 5 0.40 ± 0.05
 a
 1.18 ± 0.13

 a
 0.14 ± 0.02

 f
 0.96 ± 0.11 

a
 0.08 ± 0.01 

a
 

Group 6 0.41 ± 0.10
 c
 1.10 ± 0.28

 c
 0.22 ± 0.02

 cf
 0.79 ± 0.24

 c
 0.08 ± 0.02

 b
 

Group 7 0.40 ± 0.06
 a 

 0.98 ± 0.04
 a
 0.18 ± 0.01 

a
 0.71 ± 0.02 

a
 0.08 ± 0.01 

a
 

Group 8 0.28 ± 0.01
 d
 1.21 ± 0.13

 d
 0.21 ± 0.02

 d
 0.95 ± 0.10

 d
 0.05 ± 0.01

 c
 

Group 9 0.28 ± 0.04
 a 

 1.03 ± 0.19
 a
 0.15 ± 0.01 0.82 ± 0.18 

a
 0.06 ± 0.01 

a
 

Group 10 0.34 ± 0.02
 e
 1.14 ± 0.14

 e
 0.18 ± 0.01

 e
 0.89 ± 0.14

 e
 0.07 ± 0.01

 d
 

 

Table 2 Experimental rat groups' atherogenicity and atherogenic risk predictor indices (ARPIs).

Rat group [TC - HDL]

[𝐇𝐃𝐋]
 𝐋𝐨𝐠

[TC - HDL]

[𝐇𝐃𝐋]
 𝐋𝐨𝐠

[TAG]

[𝐇𝐃𝐋]
 

[𝐋𝐃𝐋]

[𝐇𝐃𝐋]
 

[𝐓𝐂]

[𝐇𝐃𝐋]
 

Group 1 6.42 ± 0.18
 agh

 0.81 ± 0.02 0.25 ± 0.03 6.06 ± 0.16 7.42 ± 0.01 

Group 2 14.57 ±0.83
 abcde

 1.16 ± 0.03 0.75 ± 0.01 13.44 ± 0.81 15.57 ± 0.01 

Group 3 5.95 ± 0.21
 a
 0.77 ± 0.02 0.39 ± 0.04 5.46 ± 0.17 6.95 ± 0.01 

Group 4 6.83 ± 0.24
 b 

0.83 ± 0.02 0.47 ± 0.01 6.24 ± 0.24 7.83 ± 0.01 

Group 5 7.67 ± 0.59
 af

 0.89 ± 0.03 0.47 ± 0.02 7.08 ± 0.56 8.67 ± 0.01 

Group 6 3.88 ± 0.79
 cfg

 0.59 ± 0.09 0.26 ± 0.06 3.51 ± 0.73 4.88 ± 0.01 

Group 7 4.46 ± 0.18
 ah

 0.65 ± 0.02 0.35 ± 0.04 4.01 ± 0.21 5.46 ± 0.01 

Group 8 4.75 ± 0.11
 d
 0.68 ± 0.01 0.12 ± 0.03 4.49 ± 0.10 5.75 ± 0.01 

Group 9 5.76 ± 1.14
 a
 0.76 ± 0.09 0.27 ± 0.05 5.38 ± 1.10 6.76 ± 0.01 

Group 10 5.30 ± 0.72
 e
 0.72 ± 0.06 0.28 ± 0.01 4.92 ± 0.70 6.30 ± 0.01 

 

The mean ±  S.D. of eight (n=8) measurements. 

According to Tukey's test, the means in the column 

with the same letter are statistically different at  p < 

0.05. 

Table 2 summarises the ARI and ARPIs. 

Table 2 shows that, when compared to the other 

experimental rat groups, Group 2 had the 

highest ARI, AIP, CRI-I, and CRI-II. 

The ARIs of Groups 3–10 were significantly 

lower (p < 0.05) than Group 2. Specifically, the 

ARIs of Groups 3–10 ranged between 3.88 

± 0.79 and 7.67 ± 0.59, while the ARI of Group 

2 was 14.57 ± 0.83. The ARIs of Groups 6 and 

7 were, on the other hand, significantly lower 

(p < 0.05) than those of Group 1. Furthermore, 

the ARI of Group 5 differed significantly (p < 

0.05) from that of Group 6. An examination of  

Table 2 revealed that the ARIs of Groups 4, 

6, and 8 differed significantly (p < 0.05). 

The logarithm of ARI of Group 2 yielded the 

greatest value, as shown in  

 

Table 2. Furthermore, the logarithm of ARI 

for Groups 3–10 was between 0.59 ±  0.09, 

which related  

to Group 6 and 0.89 ±  0.03, which 

corresponded to Group 5. 

The linear regression study of AIP vs serum 

LDL in experimental rat groups (Groups 1–10) 

yielded a reasonably well-fitting regression line 

(R
2
 = 0.5723). (Fig. 1). A considerable positive 

correlation (r = 0.76) was found between AIP 

and serum LDL values in Groups 1–10.  

Fig. 2 AIP vs. serum LDLvaluesinexperimental 

rat groups: a linear regression analysis  
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Table 3 Flavonoid-treated ratgroups'percentage 

protection. 

Rat group Flavonoid  formulations 

administered (80 mg/kgb.wt) 
% 

protection 

Group 4 QUE 53.10 

Group 6 CUR 73.38 

Group 8 SIL 67.40 

Group 10 QUE, CUR, and SIL 63.62 

 

Atherogenic protection of flavonoid-treated 

diabetic groups (Group 4, 6, 8, and 10) was 

within the range of 53.10 – 73.38 

Fig. 2 AIP vs. serum LDLvaluesinexperimental 

rat groups: a linear regression analysis  

Table 3). Additionally, Group 6 exhibited 

the highest atherogenic protection. 

Discussion 

This study found dyslipidemia in 

streptozotocin-induced diabetic rats, which was 

consistent with earlier findings.  (7) and (25). 

Animal models also demonstrated the ability of 

QUE, CUR, and SIL to reverse diabetic 

dyslipidemia. (10); (16) and (31). Furthermore, 

epidemiological studies revealed that eating 

foods high in phytochemical antioxidants such 

as polyphenolic compounds reduced the 

incidence of diabetes mellitus aetiology, 

complications, and predisposing factors. ((1); 

(6) and (19).  

Combinations of quercetin, curcumin, and 

silymarin improved faecal excretion of 

cholesterol, neutral sterol, and bile acids in 

hypercholesterolemic rats, according to 

previous research. (17) and (24) .  

Individuals with high ARI, as well as 

atherogenicity risk predictor indices and 

biomarkers including AIP, CRI-I, and CRI-II, 

have a higher chance of developing coronary 

heart disease and atherosclerosis, according to 

clinical studies (7). Serum lipid proportions and 

atherogenic coefficients have been 

demonstrated to be stronger predictor of 

cardiovascular disease than isolated serum lipid 

measures in studies.  (15) and (20) . 

Mathematically, a low ARI is obtained by 

lowering plasma concentrations of LDL, as 

well as non-esterified and esterified plasma 

lipids like TC and TG, and raising plasma 

concentrations of HDL. The strong positive 

correlation (r = 0.76) between AIP and serum 

LDL in Groups 1–10 indicated that higher 

serum LDL corresponded to higher AIP values 

and risk markers. Furthermore, the relatively 

tight fit regression line (R
2
 = 0.7616) between 

AIP and serum LDL concentrations in Groups 

1–10 indicated that serum LDL was a factor 

and predictor of AIP risk markers, and thus 

elevated serum LDL contributed to 

atherogenicity in diabetes.  

Conclusion 

This study found that a single or 

combination dose of Quercetin (QUE), 

Curcumin (CUR), and Silymarin (SIL) 

provided fairly good protection against 

atherogenic outcomes in diabetes mellitus, 

which corresponded to their abilities to counter 

dyslipidemia. Finally, these data indicated that 

certain bioactive components from CUR 

compounds and a mixture of QUE, CUR, and 

SIL collaborated to enhance their ability to 

alleviate atherogenic dyslipidemia, as 

previously discussed. To extract and 

characterise these therapeutic biomolecules as 

well as understand their therapeutic action 

mechanisms, more research is needed to find 

the bioactive components that improved 

atherogenic dyslipidemia in diabetes mellitus. 

4.References  

1. Abbas, G., Al Harrasi, A., Hussain, H., 

Hamaed, A., & Supuran, C. T. (2019). 

The management of diabetes mellitus-

imperative role of natural products against  

dipeptidyl peptidase-4, α-glucosidase and 



 

Mans J ChemVol. (57) 2022 28 

sodium-dependent glucose co-transporter 

2 (SGLT2). Bioorganic Chemistry, 86, 

305–315. 

https://doi.org/10.1016/j.bioorg.2019.02.0

09 

2. Bhardwaj, S., Bhattacharjee, J., 

Bhatnagar, M. K., Tyagi, S., Delhi, N., 

Delhi, N., & Delhi, N. (2013). 

Atherogenic index of plasma, castelli risk 

index and atherogenic coefficient- new 

parameters in assessing cardiovascular 

risk. International Journal of Pharmacy 

and Biological Sciences, 3(3), 359–364. 

3. Bucolo, G., & David, H. (1973). 

Quantitative determination of serum 

triglycerides by the use of enzymes. 

Clinical Chemistry, 19(5), 476–482. 

4. Bule, M., Abdurahman, A., Nikfar, S., 

Abdollahi, M., & Amini, M. (2019). 

Antidiabetic effect of quercetin: A 

systematic review and meta-analysis of 

animal studies. Food and Chemical 

Toxicology, 125(November 2018), 494–

502. 

https://doi.org/10.1016/j.fct.2019.01.037 

5. Burnstein, M. A., & Sammaille, J. (1960). 

A rapid determination of cholesterol 

bound to A and B-lipoprotein. Clin. 

Chem. Acta, 5, 601–609. 

6. Caro-Ordieres, T., Marín-Royo, G., 

Opazo-Ríos, L., Jiménez-Castilla, L., 

Moreno, J. A., Gómez-Guerrero, C., & 

Egido, J. (2020). The coming age of 

flavonoids in the treatment of diabetic 

complications. Journal of Clinical 

Medicine, 9(2), 1–30. 

https://doi.org/10.3390/jcm9020346 

7. Chikezie, C. M., Ojiako, O. A., Emejulu, 

A. A., & Chikezie, P. C. (2018). 

Atherogenicity of diabetic rats 

administered single and combinatorial 

herbal extracts. Bulletin of Faculty of 

Pharmacy, Cairo University, 56(2), 169–

174. 

https://doi.org/10.1016/j.bfopcu.2018.10.0

01 

8. Cole, J. B., & Florez, J. C. (2020). 

Genetics of diabetes mellitus and diabetes 

complications. Nature Reviews 

Nephrology, 16(7), 377–390. 

https://doi.org/10.1038/s41581-020-0278-

5 

9. Durendić-Brenesel, M., Popović, T., 

Pilija, V., Arsić, A., Milić, M., Kojić, D., 

Jojić, N., & Milić, N. (2013). 

Hypolipidemic and antioxidant effects of 

buckwheat leaf and flower mixture in 

hyperlipidemic rats. Bosnian Journal of 

Basic Medical Sciences, 13(2), 100–108. 

https://doi.org/10.17305/bjbms.2013.2389 

10. Feng, B., Huang, B., Jing, Y., Shen, S., 

Feng, W., Wang, W., Meng, R., & Zhu, 

D. (2021). Silymarin ameliorates the 

disordered glucose metabolism of mice 

with diet-induced obesity by activating the 

hepatic SIRT1 pathway. Cellular 

Signalling, 84(April), 110023. 

https://doi.org/10.1016/j.cellsig.2021.1100

23 

11. Friedewald, W. T., Levy, R. I., & 

Fredrickson, D. S. (1972). Estimation of 

the Concentration of Low-Density 

Lipoprotein Cholesterol in Plasma, 

Without Use of the Preparative 

Ultracentrifuge. Clinical Chemistry, 18(6), 

499–502. 

https://doi.org/10.1093/clinchem/18.6.499 

12. Furman, B. L. (2015). Streptozotocin-

Induced Diabetic Models in Mice and 

Rats. Current Protocols in Pharmacology, 

70(1), 5.47.1-5.47.20. 

https://doi.org/10.1002/0471141755.ph05

47s70 

13. Grove, T. H. (1979). Effect of reagent pH 

on determination of high-density 

lipoprotein cholesterol by  precipitation 

with sodium phosphotungstate-

magnesium. Clinical Chemistry, 25(4), 

560–564. 

14. Hay, E., Lucariello, A., Contieri, M., 

Esposito, T., De Luca, A., Guerra, G., & 

Perna, A. (2019). Therapeutic effects of 

turmeric in several diseases: An overview. 

Chemico-Biological Interactions, 

310(June). 

https://doi.org/10.1016/j.cbi.2019.108729 

15. Igharo, O. G., Akinfenwa, Y., Isara, A. R., 

Idomeh, F. A., Nwobi, N. L., Anetor, J. I., 

& Osibanjo, O. (2020). Lipid profile and 

Atherogenic Indices in Nigerians 

Occupationally Exposed to e-waste: A 

Cardiovascular Risk Assessment Study. 

Maedica, 15(2), 196–205. 

16. Jaishree, V., & Narsimha, S. (2020). 



 

Mans J ChemVol. (57) 2022 29 

Swertiamarin and quercetin combination 

ameliorates hyperglycemia, 

hyperlipidemia and oxidative stress in 

streptozotocin-induced type 2 diabetes 

mellitus in wistar rats. Biomedicine and 

Pharmacotherapy, 130(August), 110561. 

https://doi.org/10.1016/j.biopha.2020.110

561 

17. Leena, M. M., Silvia, M. G., Vinitha, K., 

Moses, J. A., & Anandharamakrishnan, C. 

(2020). Synergistic potential of 

nutraceuticals: Mechanisms and prospects 

for futuristic medicine. Food and 

Function, 11(11), 9317–9337. 

https://doi.org/10.1039/d0fo02041a 

18. Lertpatipanpong, P., Lee, J., Kim, I., 

Eling, T., Oh, S. Y., Seong, J. K., & Baek, 

S. J. (2021). The anti-diabetic effects of 

NAG-1/GDF15 on HFD/STZ-induced 

mice. Scientific Reports, 11(1), 15027. 

https://doi.org/10.1038/s41598-021-

94581-y 

19. Li, J., Bai, L., Li, X., He, L., Zheng, Y., 

Lu, H., Li, J., Zhong, L., Tong, R., Jiang, 

Z., & Shi, J. (2019). Antidiabetic potential 

of flavonoids from traditional Chinese 

medicine: A review. American Journal of 

Chinese Medicine, 47(5), 933–957. 

https://doi.org/10.1142/S0192415X19500

496 

20. Lumu, W., Hospital, M., Wesonga, R., 

Kibirige, D., Lubaga, H., & 

Ssendikwanawa, E. (2022). Prevalence 

and Correlation of Abnormal Atherogenic 

Cardiovascular and Ankle Brachial 

Indices with Predicted 10-Year 

Atherosclerotic Cardiovascular Disease 

Risk among Patients with ... Prevalence 

and Correlation of Abnormal Atherogenic 

Cardiovascular and A. April. 

https://doi.org/10.9734/JAMMR/2022/v34

i1031357 

21. MacDonald-Ramos, K., Michán, L., 

Martínez-Ibarra, A., & Cerbón, M. (2021). 

Silymarin is an ally against insulin 

resistance: A review. Annals of 

Hepatology, 23, 100255. 

https://doi.org/10.1016/j.aohep.2020.08.07

2 

22. Meiattini, F., Prencipe, L., Bardelli, F., 

Giannini, G., & Tarli, P. (1978). The 4-

hydroxybenzoate/4-aminophenazone 

chromogenic system used in the enzymic 

determination of serum cholesterol. 

Clinical Chemistry, 24(12), 2161–2165. 

https://doi.org/10.1093/clinchem/24.12.21

61 

23. Mestry, S. N., Dhodi, J. B., Kumbhar, S. 

B., & Juvekar, A. R. (2017). Attenuation 

of diabetic nephropathy in streptozotocin-

induced diabetic rats by Punica granatum 

Linn. leaves extract. Journal of 

Traditional and Complementary 

Medicine, 7(3), 273–280. 

https://doi.org/10.1016/j.jtcme.2016.06.00

8 

24. Mihailović, M., Dinić, S., Jovanović, J. 

A., Uskoković, A., Grdović, N., & 

Vidaković, M. (2021). The influence of 

plant extracts and phytoconstituents on 

antioxidant enzymes activity and gene 

expression in the prevention and treatment 

of impaired glucose homeostasis and 

diabetes complications. Antioxidants, 

10(3), 1–25. 

https://doi.org/10.3390/antiox10030480 

25. Nandini, H. S., & Naik, P. R. (2019). 

Action of corilagin on hyperglycemia, 

hyperlipidemia and oxidative stress in 

streptozotocin-induced diabetic rats. 

Chemico-Biological Interactions, 

299(October 2018), 186–193. 

https://doi.org/10.1016/j.cbi.2018.12.012 

26. National Research Council (US) 

Committee for the Update of the Guide 

for the Care and Use of Laboratory 

Animals. (2011). Guide for the Care and 

Use of Laboratory Animals. (8th ed.). 

National Academies Press (US). 

https://doi.org/10.17226/12910 

27. Paul, S., Ali, A., & Katare, R. (2020). 

Molecular complexities underlying the 

vascular complications of diabetes 

mellitus – A comprehensive review. 

Journal of Diabetes and Its 

Complications, 34(8), 107613. 

https://doi.org/10.1016/j.jdiacomp.2020.1

07613 

28. Pivari, F., Mingione, A., Brasacchio, C., 

& Soldati, L. (2019). Curcumin and type 2 

diabetes mellitus: Prevention and 

treatment. Nutrients, 11(8). 

https://doi.org/10.3390/nu11081837 

29. Poznyak, A., Grechko, A. V., Poggio, P., 



 

Mans J ChemVol. (57) 2022 30 

Myasoedova, V. A., Alfieri, V., & 

Orekhov, A. N. (2020). The diabetes 

mellitus–atherosclerosis connection: The 

role of lipid and glucose metabolism and 

chronic inflammation. International 

Journal of Molecular Sciences, 21(5), 1–

13. https://doi.org/10.3390/ijms21051835 

30. Ravari, S. S., Talaei, B., & Gharib, Z. 

(2021). The effects of silymarin on type 2 

diabetes mellitus: A systematic review 

and meta-analysis. Obesity Medicine, 

26(August), 100368. 

https://doi.org/10.1016/j.obmed.2021.100

368 

31. Roxo, D. F., Arcaro, C. A., Gutierres, V. 

O., Costa, M. C., Oliveira, J. O., Lima, T. 

F. O., Assis, R. P., Brunetti, I. L., & 

Baviera, A. M. (2019). Curcumin 

combined with metformin decreases 

glycemia and dyslipidemia, and increases 

paraoxonase activity in diabetic rats. 

Diabetology and Metabolic Syndrome, 

11(1), 1–8. 

https://doi.org/10.1186/s13098-019-0431-

0 

32. Soliman, G. Z. A. (2013). Effect of 

Rosmarinus Officinalis on Lipid Profile of 

Streptozotocin-induced Diabetic Rats. The 

Egyptian Journal of Hospital Medicine, 

53(October), 809–815. 

https://doi.org/10.12816/0001643 

 


