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INTRODUCTION

The prevalence of  dyslipidemia in the Indian Urban 
population was 31.7% in men and 32.8% in women while 
the prevalence in the rural population was 19.5% in men 
and 26.4% in women.1 Lipids encompass molecules like 
Cholesterol, low-density lipoprotein (LDL), high-density 
lipoprotein (HDL), and triglycerides (TG). The intestines are 
the site of  absorption of  TG and cholesterol. These lipids 
are then transported by lipoproteins and utilized for bile acid 
formation, steroid synthesis, and energy production. Organic 
and non-organic factors contribute to the disharmony in 
their levels which can ultimately result in dyslipidemia.2

Hyperlipidemia can be defined as total cholesterol (TC), 
TG, lipoproteins, or LDL >90th percentile when compared 
to the general population (or) HDL <10th percentile in 
comparison to the general population. Dyslipidemia is one 
of  the crucial factors leading to cardiovascular diseases.3 
Till date, several studies have established that an elevated 
LDL-Cholesterol is strongly associated with atherosclerotic 
plaques and vascular diseases. On the other hand, sufficient 
HDL-cholesterol was found to be crucial for preventing 
atherosclerotic disease.4

Dyslipidemia is, fortunately, a modifiable risk factor.5 
Diets with lipid-lowering ability, like millets, and lifestyle 
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modifications like regular exercise have long been considered 
a reliable adjunct to pharmacotherapy of  Dyslipidemias.

Millet is a generic term for a series of  small-seeded cereals, 
such as foxtail millet (FTM) (Setaria italica), proso millet 
(Panicum miliaceum), and finger millet (Eleusine coracana). 
FM, as a good source of  whole grain, has been playing an 
important role in global food security, especially in arid and 
semiarid areas of  Asia and Africa.6

Nutrition experts and scientists of  late focusing on the 
possible health benefits of  FM. This is probably due to the 
phytochemicals and nutrients present in FM. According 
to the currently available literature, FM has an established 
lipid-lowering ability and it was found to have low starch 
digestibility and its glycemic index was also moderate.7-9

Atorvastatin belongs to a class of  drugs called Statins which 
is a 3-Hydroxy 3-methylglutaryl Co-enzyme-A Reductase 
inhibitor. Statins, apart from having strong lipid-lowering 
effects, produce pleiotropic effects, i.e., promoting the 
migration of  Endothelial Progenitor cells, and lowering 
oxidation and inflammation.10-12

Among patients being prescribed Statins, 7%–29% of  them 
experience adverse effects related to muscles. These could 
be myopathies, Myositis, rhabdomyolysis, or elevation of  
Creatine Kinase.13 Hence, the current study was conducted 
to analyze and compare the effect of  FTM supplementation 
and Atorvastatin on HFdiet-induced hyperlipidemia in 
rats. The intent was to aid the quest for safer alternatives 
to manage hyperlipidemias.

Aims and objectives
1. To evaluate the effect of  Foxtail millet supplementation 

on high fat (HF) diet induced hyperlipidemia in rats.
2. To compare the effect of  Foxtail millet supplementation 

and Atorvastatin on high fat (HF) diet induced 
hyperlipidemia in rats.

MATERIALS AND METHODS

Animals
After obtaining the approval of  the Institutional Animal 
Ethics Committee (IAEC) (Approval number-27/
GMC/IAEC), 12 Male Sprague–Dawley rats weighing 
180–200 g were sourced. They were housed in the Animal 
House of  the Department of  Pharmacology at Gandhi 
Medical College, Musheerabad. The rats were housed at 
a temperature of  23°C±1°C and they had free access to 
water. Throughout the experiment, the rats were handled 
as per the guidelines laid down by CPCSEA under the 
supervision of  IAEC, Gandhi Medical College. (Reg.no-
428/GO/Re/S/2001/CPCSEA).

The 12 rats were divided into two equal groups - Group-A 
and Group-B. They were allowed to acclimatize for 1 week 
in the central animal house and the body weight (BW) and 
lipid profile of  all the rats in both groups were measured 
at the start of  the study (day 0). Each of  the 12 rats was 
then fed 15 mL of  HF diet every day in divided doses for 
3 weeks.14

The high-fat diet (HFD) consisted of  vanaspati ghee 
(clarified butter prepared from palm oil) and coconut oil in 
a ratio of  3:1 (v/v).15 This was fed to the rats orally using 
the Gavage technique with the help of  flexible catheters. 
After 3 weeks, the BW and lipid profile of  all the rats were 
measured again. The rats in Group A (n=6) were fed FTM 
for the next 3 weeks orally, in the form of  pellets. The rats 
in Group B (n=6) were given Atorvastatin at a dose of  
5 mg/kg/d.16 The BW and lipid profile of  the rats in both 
groups were measured at the end of  the study (day 42).

Blood sample collection and analysis
The saphenous vein was chosen as the site for blood 
sample collection.15 Fasting blood samples were taken as 
lipid profiles were being measured. 4–5 mL of  blood was 
collected from each rat on three instances on day 0, day 
21, and day 42. TG, TC, HDL, and LDL were measured 
using a mid-volume Auto-analyzer Cobas c 501, as per the 
protocols laid out by the manufacturer, Roche Diagnostics.

Statistical analysis
The collected data were tabulated and analyzed by applying 
unpaired t-test with the help of  Graph Pad Prism Version 9.

RESULTS

Twelve male Sprague–Dawley rats were fed HFD for 
3 weeks. Later, these 12 rats were divided into two groups 
of  6 rats each Group-A and Group-B.

The 6 rats in Group-A were fed FTM in the form of  
pellets while the six (6) rats in Group-B were administered 
Atorvastatin in a dose of  5 mg/kg. The BW and lipid 
profiles of  the rats were measured at three stages-day 0, 
day 21, and day 42.

Table 1 shows the baseline mean BW and the baseline 
mean lipid profile values of  rats at the start of  the study. 
The least BW recorded in both Group-A and Group-B 
was 180 g. The highest BW in both groups was 210 g. The 
TC in Group-A ranged from 87 mg/dL to 96 mg/dL. In 
Group-B, it ranged from 88 mg/dL to 95 mg/dL. TG in 
Group-A ranged from 71 to 76 while in group-B ranged 
from 69 mg/dL to 78 mg/dL. The LDL-C in group-A 
ranged from 41 mg/dL to 47 mg/dL. In Group-B, the 
LDL-C ranged from 41 mg/dL to 48 mg/dL. The very 
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LDL (VLDL-C) in Group-A ranged from 18 mg/dL to 
21 mg/dL, while in Group-B, it ranged from 18 mg/dL to 
20 mg/dL. HDL-C in Group-A ranged from 24 mg/dL to 
27 mg/dL. The same parameter in Group-B ranged from 
24 mg/dL to 29 mg/dL.

Table 1 The mean BW of  Group-B was found to be 
marginally higher than that of  Group-A. The baseline mean 
lipid profile parameters were found to be similar in both 
Group-A and Group-B while there was a slight difference 
in the standard deviations.

It can be observed from Table 2 that, on day–21, there is 
not much difference between the mean BW and the mean 
lipid values of  rats in both groups. However, the mean 
LDL-C and VLDL-C in Group-B were marginally higher 
than those in Group-B.

Table 2 shows that in Group A, the mean BW was found to 
be 280±10.80, the mean TC was 138.2±6.72, the mean TG 
was 129.8±4.76, the mean LDL-C was 72.8±2.67, the mean 
VLDL-C was 28.8±1.77, the mean HDL-C was 36.0±1.29.

In Group B, the mean BW was found to be 281.7±6.24, the 
mean TC was 138.8±5.40, the mean TG was 129.8±4.78, 
the mean LDL-C was 75.2±1.07, the mean VLDL-C was 
30.5±1.71, the mean HDL-C was 36.2±2.03.

From Table 3, it is evident that the FTM could lower the 
BW and lipid levels but it could not bring them down to 
baseline. On the other hand, with atorvastatin these values 
came close to the baseline values (day–0).

Table 3 shows that in Group A, after feeding them 
with FTM, the mean BW was found to be 236.7±8.00, 
the mean TC was 118.8±4.06, the mean TG was 
113.2±7.73, the mean LDL-C was 59.5±4.57, the 
mean VLDL-C was 24.2±1.07, the mean HDL-C was 
42.5±2.06.

In Group B, after administering 5 mg/kg atorvastatin, the 
mean BW was found to be 196.7±7.99, the mean TC was 
96.5±4.79, the mean TG was 97.5±3.5, the mean LDL-C 
was 54.5±2.00, the mean VLDL-C was 20.0±1.15, the 
mean HDL-C was 41.81.46.

Table 1: Mean body weight and mean lipid profile values of rats in Group-A on day–0 (baseline)
S. No. Body weight  

(in grams)
TC (in mg/dL) TG (in mg/dL) LDL-C (in mg/dL) VLDL-C (in mg/dL) HDL-C  

(in mg/dL)
MEAN±SD = 195±11 91.3±3.14 72.7±1.86 43.5±2.26 19±1.26 25.8±1.17

Mean body weight and mean lipid profile values of rats in Group-B on day 0 (baseline)
S.no Body Weight  

(in grams)
TC (in mg/dL) TG (in mg/dL) LDL-C (in mg/dL) VLDL-C (in mg/dL) HDL-C  

(in mg/dL)
Mean±SD = 198.3±1.33 91.2±2.93 72.7±3.88 44.7±3.01 19.2±0.75 26±1.90

TC: Total cholesterol, TG: Triglycerides, LDL-C: Low-density lipoprotein cholesterol, VLDL-C: Very low-density lipoprotein cholesterol, HDL-C: High-density lipoprotein 
Cholesterol

Table 2: Mean body weight and mean lipid profile values categorized as Group-A on day–21
Mean body weight Mean TC Mean TG Mean LDL-C Mean VLDL-C Mean HDL-C
280±10.80 138.2±6.72 129.8±4.76 72.8±2.67 28.8±1.77 36.0±1.29

Mean body weight and mean lipid profile values were categorized as Group-B on day-21
Mean body weight Mean TC Mean TG Mean LDL-C Mean VLDL-C Mean HDL-C
281.7±6.24 138.8±5.40 129.8±4.78 75.2±1.07 30.5±1.71 36.2±2.03

TC: Total cholesterol, TG: Triglycerides, LDL-C: Low-density lipoprotein cholesterol, VLDL-C: Very low-density lipoprotein cholesterol, HDL-C: High-density lipoprotein 
cholesterol

Table 3: Mean body weights and mean lipid profile of Group-A after feeding with FTM on day-42
S.No Body weight 

(in grams)
TC (in mg/dL) TG (in mg/dL) LDL-C (in mg/dL) VLDL-C (in mg/dL) HDL-C  

(in mg/dL)
Mean ±SD = 236.7±8.00 118.8±4.06 113.2±7.73 59.5±4.57 24.2±1.07 42.5±2.06

Mean body weights and mean lipid profile of Group-B after administering 5 mg/kg Atorvastatin on day-42
S.No Body weight 

(in grams)
TC (in mg/dL) TG (in mg/dL) LDL-C (in mg/dL) VLDL-C (in mg/dL) HDL-C  

(in mg/dL)
Mean ±SD = 196.7±7.99 96.5±4.79 97.5±3.5 54.5±2.00 20.0±1.15 41.8±1.46

TC: Total cholesterol, TG: Triglycerides, LDL-C: Low-density lipoprotein cholesterol, VLDL-C: Very low-density lipoprotein cholesterol, HDL-C: High-density lipoprotein 
Cholesterol
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Table 4 shows that after feeding the rats in Group A with 
FTM a decrease in mean BW by 43.3 g, a decrease in mean 
TC by 19.4 mg/dL, a fall in mean TG by 16.6 mg/dL, a 
drop in mean LDL-C by 13.3 mg/dL, a decrease in mean 
VLDL-C by 4.6 mg/dL and a rise in mean HDL-C by 
6.5 mg/dL was observed.

Table 4 shows that after feeding the rats in Group A with 
FTM a decrease in mean BW by 15.5%, a decrease in mean 
TC by 14.0%, a fall in mean TG by 12.8%, a drop in mean 
LDL-C by 18.3%, a decrease in mean VLDL-C by 16.0% 
and a rise in mean HDL-C by 18.1% was observed.

Table 5 shows that after administering atorvastatin for 
the rats in Group B, a decrease in mean BW by 85 g, a 
decrease in mean TC by 42.3 mg/dL, a fall in mean TG 
by 32.2 mg/dL, a drop in mean LDL-C by 20.7 mg/dL, 
a decrease in mean VLDL-C by 10.5 mg/dL and a rise in 
mean HDL-C by 5.6 mg/dL was observed.

Table 5 shows that after administering Atorvastatin for the 
rats in Group B, a decrease in mean BW by 30.2%, a decrease 
in mean TC by 30.5%, a fall in mean TG by 24.9%, a drop 
in mean LDL-C by 27.5%, a decrease in mean VLDL-C by 
34.4% and a rise in mean HDL-C by 13.4% was observed.

Table 6 shows that the difference between Group-A and 
Group-B in terms of  a drop in BW, the drop in TC, TG, 
LDL-C and VLDL-C is statistically significant. However, the 
difference between the two groups in terms of  rise in HDL-C 
is statistically not significant. An unpaired t-test was used.

Table 6 shows that the difference between Group-A and 
Group-B in terms of  drop in BW, the drop in TC, TG, 
LDL-C, and VLDL-C is statistically significant. However, the 

difference between the two groups in terms of  rise in HDL-C 
is statistically not significant. An unpaired t-test was used.

DISCUSSION

Dyslipidemia, i.e., abnormal elevations in the lipid profile 
parameters such as TC, TG, LDL-C, VLDL-C, and HDL-C 
were found to be established contributors to coronary 
heart Disease.17 The literature available at present shows 
that the dietary fiber, the phenolics, the lipid profile, and 
aminoacid profile of  FTM confer lipid-lowering and 
glucose-lowering qualities on it.18 Atorvastatin has well-
established capabilities of  elevating HDL-C while lowering 
the remaining lipid profile parameters. Hence, it is of  
extensive use in managing dyslipidemia.19

As evident from Table 2, there was a noticeable rise in BW 
and lipid profile values after 3 weeks of  HFD. These results 
were similar to those in a study by Jia et al.20 It was observed 
in their study that When 3-week-old male Sprague–Dawley 
rats weighing 50±1 g were fed HFD for 4 weeks, their 
BW increased to 391±13.09 g. Their TC increased by 
30.55 mg/dL, their TG increased by 98.32 mg/dL, their 
LDL-cholesterol increased by 5.41 mg/dL while their HDL 
cholesterol increased by 13.92 mg/dL. The findings in the 
present study were similar to these results.

From Table 3, a drop in the mean BW and an alteration 
of  the lipid profile can be observed following FTM 
supplementation. This finding is congruent with that of  
a study conducted by Sireesha et al.21 They observed that 
following FTM supplementation there was a significant 
hypolipidemic effect which is evident from lower levels of  
TG, total, LDL and VLDL cholesterol and increase in the 

Table 4: Difference in mean body weight and lipid profile in Group-A
Study Indices Before foxtail millet After foxtail millet Difference in means Percentage change (%)
Mean body weight 280 236.7 43.3 15.5
Mean TC 138.2 118.8 19.4 14.0
Mean TG 129.8 113.2 16.6 12.8
Mean LDL-C 72.8 59.5 13.3 18.3
Mean VLDL-C 28.8 24.2 4.6 16.0
Mean HDL-C 36.0 42.5 6.5 18.1

TC: Total cholesterol, TG: Triglycerides, LDL-C: Low-density lipoprotein cholesterol, VLDL-C: Very low-density lipoprotein cholesterol, HDL-C: High-density lipoprotein 
Cholesterol

Table 5: Difference in mean body weight and lipid profile in Group-B
Study Indices Before atorvastatin After atorvastatin Difference in means Percentage change (%)
Mean body weight 281.7 196.7 85 30.2
Mean TC 138.8 96.5 42.3 30.5
Mean TG 129.8 97.5 32.3 24.9
Mean LDL-C 75.2 54.5 20.7 27.5
Mean VLDL-C 30.5 20.0 10.5 34.4
Mean HDL-C 36.2 41.8 5.6 13.4
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levels of  HDL cholesterol. The findings were similar in the 
present study with a noticeable rise in HDL-C.

From Table 3, a drop in the mean BW and an alteration 
of  the lipid profile can be observed following atorvastatin 
administration. This finding is in similar lines with that of  
a study conducted by Roglans et al.22 They concluded that 
Atorvastatin 5 mg/kg for 2 weeks markedly reduced plasma 
triglyceride, hepatic triglyceride content (45%), and plasma 
non-esterified fatty acids (49%). The findings in the present 
study were similar to the aforementioned study results.

Limitations of the study
1. The current study being diet-based should have had more 

number of  follow-ups with a longer study duration.
2. The sample size is another limitation.

CONCLUSION

The present study concludes that FTM can produce a noticeable 
reduction in the levels of  LDL-C, VLDL-C, TG, TC, and BW. 
This reduction was found to be statistically significant. FTM 

and Atorvastatin could show a considerable positive influence 
on HDL-C, the effect of  FTM being more than that of  
Atorvastatin but the difference was not statistically significant.

The importance of  drugs like statins cannot be ignored. 
However, combining a diet rich in FTM with adequate 
exercise could probably evolve as an effective alternative 
to pharmacotherapy, at least during the initial stages 
of  dyslipidemia. This may offer a chance for patients 
to avoid the adverse effects of  pharmacotherapy when 
hyperlipidemia is in the early stages.
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