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ABSTRACT 
 

Background: Atherogenic indices (AI) are strong markers for predicting the risk of atherosclerosis and coronary 

heart disease. Objective of this study was to compare the effect of losartan with pioglitazone on atherogenic 
indices in a on an animal model of diabetes. 
Methods: Forty five Sprague-Dawley rats were randomly divided into three groups. All these rats, which were 5 

weeks of age, were fed a diet high in fat and sucrose. Rats in groups HFD-PIO and HFD-LOS were given 
Pioglitazone or losartan respectively, along with this diet, while group HFD was kept as control. Every week body 
weight and fasting blood glucose levels were determined. Serum samples were obtained from all the animals at 
the end of 12 weeks and the lipid profile was determined using kit method and the Friedewald’s formula. 
Atherogenic indices were calculated from their formulae. 
Results: Losartan showed an insignificant decrease in major atherogenic indices. However there was no 

statistical significance in results of atherogenic indices between losartan and pioglitazone 
Conclusion: Losartan may decrease the atherogenic potential, comparable to pioglitazone  
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INTRODUCTION 
 

The leading cause of death worldwide is cardiovascular 
disease (CVD), with more than half due to coronary heart 
disease (CHD)1. Patients with adverse lipid profile are at 
high risk of developing atherosclerosis and coronary heart 
disease2.  

A diet rich in fat and carbohydrates plays a major role 
in the pathogenesis of type 2 diabetes mellitus and 
dyslipidemia3. Insulin resistance, β-cell dysfunction, type 2 
DM and dyslipidemia can be caused from such an adverse 
diet that causes oxidative stress4. 

Among drugs used to treat type 2 diabetes mellitus, 
the glitazones have consistently shown to protect beta cells 
from lipotoxicity by improving beta cell function5. 

An improvement in lipid profile including a decrease in 
total cholesterol, triglycerides and low-density lipoproteins 
(LDL) and an increase in high-density lipoprotein (HDL) has 
been shown by Pioglitazone6.  

The association between obesity, metabolic 
syndrome, dyslipidemia, insulin resistance, chronic kidney 
disease, and hypertension has been linked to the renin-
angiotensin-aldosterone system7. 

Positive effects on lipid profiles in children with the 
metabolic syndrome have been shown by ACE Inhibitors. 
Significant decrease in LDL & triglyceride levels and 
significant increase in HDL levels were seen in one study8. 

New screening tools for better evaluation of 
cardiovascular diseases are now necessary due to their 
high prevalence and severity. For more accurately  
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predicting the risk of atherosclerosis and coronary heart 
disease, Atherogenic index (AI) (LDL-C/HDL-C), coronary 
risk index (CRI) (TC/HDL-C) and Atherogenic Index of 
Plasma (AIP) Log (Triglycerides/HDL) can be performed 
which are all strong markers for such chronic heart 
diseases9. 

Observation of the effects of the dual ARB/PPAR-γ 
agonist losartan on atherogenic indices and comparison 
with pioglitazone was one of the primary objectives of this 
study. 
 

MATERIAL AND METHODS 
 

This was a randomized control trial. Animals were randomly 
divided into 3 groups each containing fifteen rats. 
Throughout the study period of 12 weeks, all the three 
groups of rats were fed a diet high in fat and sucrose. First 
group, labeled as HFD (high fat diet) group, was daily given 
distilled water in the morning through a NG tube. Second 
group, labeled as HFD-PIO group, was daily given 
pioglitazone in a single dose of 10 mg/kg body weight in 
the morning via NG tube for 12 weeks. Third group, labeled 
as HFD-LOS group was daily given losartan in a single 
dose of 10 mg/kg body weight in the morning via a NG tube 
for 12 weeks. 
Blood Sampling: Blood samples were collected by cardiac 

puncture after twelve weeks and keeping the rats on a 
twelve hour fast. This was followed by a five-minute 
centrifugation of the samples at room temperature. 
Lipid Profile: Calorimetric kit method was used to obtain 

total cholesterol, HDL-cholesterol and triglyceride levels. 
Friedewald’s formula was used to determine LDL-
cholesterol levels 
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Atherogenic Indices 
Atherogenic index (AI)  

AI = LDL/HDL10  
Atherogenic Coefficient (AC) 

AC = Total Cholesterol – HDL /HDL11 
Coronary risk index (CRI)  

CRI = Total Cholesterol/HDL11 
Atherogenic Index of Plasma  

AIP = Log (Triglycerides/HDL) 12 
Drugs: Mass Pharmaceuticals provided the drugs 

pioglitazone and losartan for the present research study. 
Statistical analysis: Latest version of SPSS was used to 

analyze the data after it was entered. Mean ± S.D. was 
given for quantitative variables like AI, CRI, AC and AIP. To 
compare the above variables among the groups, one-way 

ANOVA was applied. To see whether variances were 
statistically significant, Bonferri’s test was applied. 
 

RESULTS 
 

At 12 weeks, mean and SD values of all atherogenic 
indices were higher in the control group than in the HFD-
PIO and HFD-LOS groups. Values of CRI and AC were 
very significantly different (p < 0.001) between the control 
and HFD-PIO groups. It was also slightly different (p < 
0.05) between the control and HFD-PIO groups. There was 
no statistical difference in AIP between the control and 
HFD-PIO groups. The study found no significant statistical 
difference in any of the parameters between the control 
HFD and the HFD-LOS groups and between HFD-PIO and 
HFD-LOS groups (Table 1).  

 
Table 1:  Mean and SD of AI, AC, CRI and AIP of different groups of rats at end of 12 week study period with statistical differences 

Groups CRI p-value AC p-value AIP p-value* AI p-value 

HFD  6.873 ± 1.041 - 5.873 ± 1.041 - 0.918 ± 0.072 - 4.193± 0.783 - 

HFD-PIO 5.307 ± 1.378  ***< 0.001 4.307 ±1.378 ***<0.0001 0.812 ±0.099 NS> 0.05 2.981 ±1.068 *< 0.05 

HFD-LOS 6.068 ±1.696 NS> 0.05 5.068 ±1.696 NS> 0.05 0.860 ±0.117 NS > 0.05 3.569 ±1.281 NS> 0.05 

P-values were computed in comparison with control HFD group 
Comparison between HFD-PIO vs HFD-LOS showed non-significant p-value > 0.05 in all     variables 
 

DISCUSSION 
 

Dyslipidemia is described as an abnormal plasma 
concentration of lipids (triglyceride (TG) and total 
cholesterol (TC) and their blood transporting lipoproteins: 
HDL Cholesterol (HDL-C), LDL-Cholesterol (LDL-C) and 
VLDL-Cholesterol (VLDL-C). A strong association between 
incidence of CVD and high levels of LDL-C and low levels 
of HDL-C was shown in several scientific studies. Therefore 
the LDL-C/HDL-C ratio (atherogenic index) is often 
calculated to estimate cardiovascular risk; the higher this 
ratio, the higher the risk9.  

A strong marker for predicting the risk of 
atherosclerosis and coronary heart disease is the 
Atherogenic Index of Plasma (AIP). AIP reflects a true 
relationship between protective and atherogenic 
lipoproteins and is associated with the size of pre- and anti-
atherogenic lipoprotein particle13.   

It has been seen in a clinical study that pioglitazone 
significantly decreased AIP.  AIP was inversely associated 
with insulin sensitivity measures, i.e., the homeostasis 
model measurement (HOMA-S) and the quantitative insulin 
sensitivity check index (QUICKI) in this study like other 
studies14.  

It has also been seen in several studies that 
pioglitazone decreases insulin resistance15 and also has 
shown beneficial effects on lipid profile16. Losartan also 
showed the same but results were not statistically 
significant. 

The present study showed a similar pattern. 
Pioglitazone (HFD-PIO) showed very much significant 
decrease in Coronary risk index (CRI) and Atherogenic 
Coefficient (AC) and a slightly significant decrease in 
atherogenic index (AI) as compared to control HFD rats. 
Losartan showed a non-significant decrease in all the 
atherogenic indices as compared to the control group. 
However the difference in all the atherogenic indices 
between pioglitazone and losartan was not significant. 

CONCLUSION  
 

Losartan showed an insignificant decrease in major 
atherogenic indices which were however comparable to 
pioglitazone. This opens up research for the potential of 
other Angiotensin receptor blockers in improving lipid 
profile and decreasing atherogenic potential. 
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