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ABSTRACT 

Background: Dyslipidemia is a major cause of atherosclero-
sis and atherosclerosis induced conditions. Atorvastatin is an ef-
fective drug for dyslipidemia and reduce the risk of cardiovascu-
lar morbidity and mortality. Ezetimibe is used as an adjunct to 
statins hypercholesterolemia. Garlic is known for the hypoli-
pidemic effect in traditional medicine. There are very limited stud-
ies comparing the additive effects of Allium sativum on atorvas-
tatin and ezetimibe. Aims: To compare the additive hypolipidemic 
effects of Allium sativum with atorvastatin and ezetimibe. Setting 
and Design: The experimental study was done in Department of 
Pharmacology and Biochemistry, Burdwan Medical College, 
Burdwan from February 2014 - October 2015. Material and 
Methods: Dyslipidemia rat by (induced by atherogenic diet) were 
randomized into five groups of six rats in each and each cage was 
labelled for identification of different groups and treated with 
drugs (atorvastatin, ezetimibe, garlic homogenate, atorvastatin + 
garlic homogenate, ezetimibe + garlic homogenate) for twelve 
weeks and assessment of lipid profiles were done. Change of pa-
rameters checked for any significant difference by appropriate 
statistical tests. Results: Significant TC (Total Cholesterol) & TG 
(Triglyceride) concentrations reduction were maximum among 
ezetimibe group (51% and 47%) respectively. LDL (Low Density 
Lipoprotein) & VLDL (Very Low-Density Lipoprotein) concen-
trations reduction were maximum (62% and 26%) among combi-
nation of atorvastatin and garlic group when compared to other 
treatment groups. HDL (High Density Lipoprotein) concentration 
was maximally increased (31%) among combination ezetimibe 
and garlic group which was also statistically significant. Conclu-
sion: Garlic have significant hypolipidemic effect when used in 
combination with atorvastatin and ezetimibe. 

Keywords: atorvastatin, dyslipidemia, experimental, ezetimibe
garlic. 

SAŽETAK 

Dislipidemija je glavni uzrok ateroskleroze i indukovane 
ateroskleroze uslovi. Atorvastatin je efikasan lek za dislipidemiju 
i smanjuje rizik od kardiovaskularnog morbiditeta i mortaliteta. 
Ezetimib se koristi kao dodatak leku statini hiperholesterolemija. 
Beli luk je poznat po hipolipidemijskom dejstvu u tradicionalnoj 
ishrani lek. Postoje vrlo ograničene studije u kojima se upoređuju 
aditivni efekti Alliuma sativum na atorvastatinu i ezetimibu. 
Ciljevi: Uporediti aditivne hipolipidemijske efekte Allium sativum 
sa atorvastatin i ezetimib. Eksperimentalna studija rađena je u 
Odeljenju za Farmakologija i biohemija, Medicinski koledž Bur-
dvan, Burdvan od februara 2014. do oktobra 2015. godine. Ma-
terijal i metode: Dislipidemija pacova (indukovana aterogenom 
ishranom) randomizirana je u pet grupa od po šest pacova u 
svakom kavezu, koji su označeni za identifikaciju različitih grupa 
i lečeni lekovima (atorvastatin, ezetimib, homogenat belog luka, 
atorvastatin + homogenat belog luka, ezetimib + beli luk homog-
enat) tokom dvanaest nedelja pri čemu je urađena  procena lipid-
nih profila. Promena parametara proverena na svim značajnim 
razlikama odgovarajućim statističkim testovima. Rezultati: 
Značajno smanjenje koncentracije TC (ukupnog holesterola) i TG 
(triglicerida) bilo je maksimalno među grupama ezetimiba (51% 
i 47%). Smanjenje koncentracije LDL (lipoproteina male gustine) 
i VLDL (lipoproteina vrlo male gustine) bilo je maksimalno (62% 
i 26%) u kombinaciji kombinacije atorvastatina i belog luka u 
poređenju sa drugim lečenim grupama. Koncentracija HDL (lip-
oprotein visoke gustine) je maksimalno povećana (31%) među 
kombinacijama ezetimiba i belog luka, što je takođe bilo statistički 
značajno. Zaključak: Beli luk ima značajan hipolipidemijski 
efekat kada se koristi u kombinaciji sa atorvastatinom i ezetimi-
bom. 

Ključne reči: atorvastatin, dislipidemija, eksperimentalni, 
ezetimibe, beli luk. 
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INTRODUCTION

Dyslipidemia is a major cause of atherosclerosis and ath-
erosclerosis-induced conditions. Both genetic disorders and 
lifestyle (sedentary behaviour and diets high in calories, sat-
urated fat, and cholesterol) contribute to the dyslipidemias 
seen in countries around the world 1.  

Atorvastatin competitively inhibits HMG-CoA reductase 
and reduces conversion of HMG-CoA to mevalonate in cho-
lesterol biosynthesis. Ezetimibe used as an adjunct to statins 
in inhibits absorption of cholesterol (and of plant stanols) 
from the duodenum. 

With the growing interest in screening plants for medici-
nal activity, reports of hypolipidemic effects of various plants 
are increasingly encountered in literature.  The usage of 
herbal therapies along with prescription and over the counter 
medications is increasing day by day. In both animal and hu-
man studies, Allium sativum has been reported to lower cho-
lesterol, triglycerides, and change blood lipoproteins.2-12 

There are gaps in existing knowledge comparing the ad-
ditive effects of Allium sativum on atorvastatin and 
ezetimibe in dyslipidemia. Keeping the above facts in view, 
the present work was undertaken to compare the hypoli-
pidemic effect of Allium sativum alone and in combination 
with atorvastatin13 or ezetimibe in dyslipidemia albino rats 
induced by atherogenic diet.14-16 

AIMS 

To establish the hypolipidemic effect of Allium sativum, 
Atorvastatin and Ezetimibe when used as single agent as 
well as in combination. 

 
SUBJECTS AND METHODS 

Subjects: Albino rats of both sexes (100-160g) procured 
from institutional animal house for study. 

Drugs and chemicals: 

1. Tablet Atorvastatin -Stator-10, Batch no: STA4009 of 
atorvastatin (Abbott Healthcare Pvt Ltd)  

2. Tablet Ezetimibe- Ezentia and Batch no: SKN 0060 of 
ezetimibe (Sun Pharma Laboratories Ltd) 

3. Carboxy methyl cellulose (CMC) sodium salt, medium 
viscosity (25-350 cps), LOT: S36561201, CAS: 9004-
32-4, S: 22-24/25, F: 3, LobaChemie Private Limited) 

4. Garlic homogenate  
5. Cholesterol powder (Thermo Fisher Scientific India Pvt 

Ltd), CAS no: 57-88-5, molar weight: 386.66, Prod no: 
12312, LOT no: 63557005-1 

6. Distilled water. 
 

All chemicals used for biochemical analysis of blood pa-
rameters were available in Department of Biochemistry. 

Study setting: Planning of the protocol and animal exper-
iment was carried (from February 2014 - October 2015) in 
the Department of Pharmacology, Burdwan Medical College, 
Burdwan and biochemical part in the Department of Bio-
chemistry. 

Ethical considerations: Study was started only after  
approval from  IAEC 

[BMC/AEC/10(2) /2013, DATED 16/12/2013]. The 
guidelines of the Committee for the Purpose of Control and 
Supervision on Experiments on Animals (CPCSEA), Animal 
Welfare Division, Ministry of Environment, Govt. of India 
for the care and use of the laboratory animals were strictly 
followed throughout the experimental procedure. Albino rats 
of either sex with weight of 100 – 160 grams were included 
in our study. Rampant rats and dietary pattern out of control 
were excluded from our study. 

 In accordance with principles of 3R’s17, Replacement 
was not possible, Reduction with the use of minimum num-
ber of experimental animals and Refinement by provision of 
species appropriate housing and climate conditions 
(CPCSEA guidelines) , minimum invasive procedures, no 
animals were sacrificed. Care was taken for Rehabilitation. 

Preparations and dose calculation 

All drugs administered by gavage feeding. Atherogenic 
diet/ high fat diet (HFD) was prepared from cholesterol pow-
der.18 Cholesterol requirements of each albino rat was calcu-
lated at a dose of 125mg/kg body weight/day by extrapola-
tion from rabbit dose (0.5g/kg body weight daily) 19 and total 
requirement made up in coconut oil. Then1%(w/v) choles-
terol solution was prepared by mixing 5 g dry powder in 500 
ml coconut oil and dose came to 1.25 mL/100 g/day. Atorvas-
tatin dose calculated by extrapolation from maximum human 
dose (80 mg/day)20came to 7.2 mg/ kg body weight/day. 19 

So, when one atorvastatin (80 mg) was mixed with 100 ml 
2% CMC suspension (w/v), the dose of atorvastatin for a 
100g rat was 0.9 ml/day. 

Ezetimibe dose calculated by extrapolation from maxi-
mum human dose (10 mg/day)21 came to 0.9 mg/ kg body 
weight/day. So, when one ezetimibe tablet (10 mg) was 
mixed with 100 ml 2% CMC suspension (w/v), the dose of 
ezetimibe for a 100g rat was 0.9 ml/day. 

Preparation of garlic homogenate -The fresh bulbs of Al-
lium sativum were identified and authenticated(Office Of 
Scientist-‘D’, Central National Herbarium, Ministry of Envi-
ronment And Forests, Botanical Survey of India, P.O.-Bo-
tanic Garden, Howrah-711103, Government of India, No: 
BSI/CNH/SD/TECH./2014, dated 19.03.2014).  

Garlic 50gm was homogenized in 100 ml of cold distilled 
water. After centrifugation and filtration, concentration of 
this garlic preparation was 500 mg/ml, based on the weight 

12



of the starting material (50g/100 ml)22. Garlic homogenate 
was administered as a dose of 500mg/kg23, which came to 0.1 
ml for a 100grat. 

Experimental design: 

Albino rats of both sexes (100-160g) procured from insti-
tutional animal house were acclimatized for 3 weeks 24 with 
free access to food and water (ad libitum). The rooms were 
equipped with lighting, conditioning, moisture and heat con-
trol. After acclimatization, rats were kept on normal diet for 
6 weeks. After that period all the rats were kept on overnight 
fasting with water ad libitum. The fasting rats on the next day 
properly weighed. The standard cholesterol diet with normal 
diet and water was administered for 6 weeks to induce 
dyslipidemia. At the end of the 6 weeks blood was withdrawn 
(all the rats were kept on overnight fasting with water ad libi-
tum before blood withdrawal) from the tail vein to analyze 25 
lipid profiles to confirm the induction of dyslipidemia. 

Now the dyslipidemia rats were randomized (computer 
generated in Excel) into five groups of six rats in each and 
treated with drugs orally (along with HFD) accordingly for 
12 weeks.26 Allocated groups were labeled as Group-I: 
atorvastatin, Group-II:  ezetimibe, Group-III : garlic homog-
enate,Group-IV : combination of atorvastatin and garlic ho-
mogenate and Group-V : combination of ezetimibe and garlic 
homogenate. At the end of 12 weeks, blood was withdrawn 
in the same manner from the tail vein to analyze lipid profiles 
to observe the hypolipidemic effects of these drugs. Assess-
ment of lipid profiles (TC, TG, LDL, HDL, and VLDL) done 
(Table 1,2,3). 

Measurement of parameters: 

TC, HDL cholesterol and TG concentrations were meas-
ured by enzymatic methods. Calculation of LDL cholesterol 
concentration 

LDL cholesterol = TC― [HDL cholesterol + (TG/ 5)] 

The VLDL is estimated by dividing the plasma TG by 5. 
This formula is reasonably accurate if the fasting TG level 
does not exceed 200 mg/dL, it cannot be used if the TG level 
is >400 mg/dL. Oral feeding and blood collection procedure 
from lateral tail vein of rat were done properly.27 Data analy-
sis was done using Microsoft Excel and IBM SPSS version 
17 software. 

RESULTS 

In our study, there were 5 groups which were fed high fat 
diet and were treated with atorvastatin, ezetimibe, garlic, 
combination of atorvastatin and garlic and combination of 
ezetimibe & garlic. As there were different groups and con-
centrations of TC, TG, HDL, LDL, VLDL were measured 
after treatment, we analyzed the data with mixed analysis of 
variance (ANOVA), as the primary purpose of mixed 
ANOVA is to understand if there is any interaction between 
two independent variables on the dependent variable, that is 

to help us to determine whether there are differences among 
groups over time. Here one between-subject factor is inter-
vention (5 groups), one within subject factor (time) and six 
dependent variables those are continuous.  

In summary we wished to know whether the concentra-
tions differ significantly over time to different interventions 
(between groups). There was a statistically significant inter-
action between the intervention and time on lipid profiles. As 
we had a statistically significant interaction, reporting the 
main effects could be misleading and we wanted to determine 
the difference between groups at each level of time and   
within groups (known as simple main effects).  

Simple main effect of group (between groups) 

 Testing for the simple main effects for group means test-
ing for differences in lipid profiles between groups at each 
level of time. 

 Simple main effect of time (within group) 

 It means testing for differences in lipid profiles within a 
group at two different time points.  

TOTAL CHOLESTEROL (TC) 

There was a statistically significant interaction between 
the intervention and time on Total cholesterol concentration, 
F (4, 25) = 48.097, p < .05, partial n2= .885. So, simple main 
effects were done. 

Simple main effect of group (between groups) 

There was a statistically significant difference in total 
cholesterol concentration between different groups after drug 
treatment, F (4, 25) = 836.714, p<.05, partial n2=.993. 

Total cholesterol concentration was increased from 
ezetimibe group (124.17 ± 2.93) to atorvastatin + garlic 
group (134.17 ± 1.84), atorvastatin group (146.33 ± 6.59), 
ezetimibe + garlic group (207 ± 1.27) and garlic group (212 
± 2.28) in that order . Games Howell post-hoc analysis (as 
there was no homogeneity of variances) revealed that this in-
crease was statistically significant for all groups. 

Simple main effect of time (within group) 

There was a statistically significant effect of time on total 
cholesterol concentration for all the groups and for all the 
group’s total cholesterol concentration was significantly re-
duced after treatment.(Table 1) 

TRIGLYCERIDE (TG) 

There was a statistically significant interaction between 
the intervention and time on Triglyceride concentration, F (4, 
25) = 87.256, p < .05, partial n2= .933. So, simple main ef-
fects were done. There was a statistically significant differ-
ence in Triglyceride concentration between different groups 
after drug treatment, F (4, 25) = 318.944, p<.05, partial n2= 
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.981.Triglyceride concentration was increased from 
ezetimibe group (117.33 ± 1.21) to atorvastatin + garlic 
group (117.50 ± 1.52), atorvastatin group (136.33 ± 5.68), 
ezetimibe + garlic group (157.83 ± 1.47) and garlic group 
(171.33 ± 4.08), in that order .Games Howell post-hoc anal-
ysis (as there was no homogeneity of variances) revealed that 
this increase was statistically significant among all groups 
except among ezetimibe and atorvastatin plus garlic group. 

 

Simple main effect of time (within group) 

There was a statistically significant effect of time on tri-
glyceride concentration for all the groups and for all the 
groups, triglyceride concentration was significantly reduced 
after treatment. (Table 1, Figure 2) 

 

 

Table 1. Change in Cholesterol and Triglyceride (mg/dl) 

 
CHOLESTEROL Percentage 

reduction  
TRIGLYCERIDE Percentage  

reduction  

  PRE  POST  PRE  POST  

Atorvastatin 255.17±19.09 146.33±6.59 
P=0.016 

43 226.83±7.17 136.33±5.68  
P=0.015 

40 

Ezetimibe 251.67±13.47 124.17±2.93 
P=0.001 

51 220.33±1.86 117.33±1.21 
P=0.001 

47 

Garlic 252.50±13.11 212±2.28 
P=0.032 

16 222.17±3.97 171.33±4.08 
P=0.048 

23 

Atorvastatin+Garlic 264.33±20.38 134.17±1.84 
P=0.001 

49 221.50±2.43 117.50±1.52  
P=0.001 

47 

Ezetimibe +Garlic 259±12.81 207±1.27 
P=0.031 

20 224.17±6.68 157.83±1.47 
P=0.042 

30 

P value  
Between group  

0.141  <0.001  0.201  <.001  

 

Figure 1. Study flow chart 

 

 

 

HIGH DENSITY LIPOPROTEIN (HDL) 

There was a statistically significant interaction between 
the intervention and time on HDL concentration, F (4, 25) = 
34.308, p < .05, partial n2= .469. So, simple main effects 
were done. 

Simple main effect between groups group 

There was a statistically significant difference in HDL 
concentration between different groups after drug treatment, 
F (4, 25) = 12.33, p<.05, partial n2= .664. 

HDL concentration was decreased from ezetimibe + gar-
lic group (52 ± 1.41) to atorvastatin + garlic group (49.67 ± 
1.37), garlic group (49 ± 1.67), ezetimibe group (48 ± 1.41), 
and atorvastatin group (46.17 ± 1.60) in that order. 

Tukey HSD post-hoc analysis (as there was homogeneity 
of variances) revealed that this decrease was statistically sig-
nificant among  

1) atorvastatin group and garlic group, 
2) atorvastatin group and atorvastatin plus garlic group, 
3) atorvastatin group and ezetimibe plus garlic group,  
4) ezetimibe group and ezetimibe plus garlic group and  
5) garlic group and ezetimibe plus garlic group. 
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Simple main effect of time 

There was a statistically significant effect of time on HDL 
concentration for all the groups  and for all the groups HDL 
concentration was significantly increased after treatment. 

 

Table 2. Change in HDL(mg/dl) 

  
HDL 

Percentage 
change 

  PRE POST  

Atorvastatin 
39.50±3.08 46.17±1.6 

P=0.049 
14 

Ezetimibe 
37.17±2.48 48±1.41 

P=0.04 
23 

Garlic 
38.50±3.27 49±1.67 

P=0.040 
21 

Atorvastatin 
+Garlic 

38.67±3.01 49.67±1.37 
P=0.04 

22 

Ezetimibe 
+Garlic 

35.83±2.23 52±1.41 
P=0.003 

31 

P value 
Between group 

0.220 <0.001 
 

 

Figure 2. Change in Biochemical Parameters 

 

 

LOW DENSITY LIPOPROTEIN (LDL) 

There was a statistically significant interaction between 
the intervention and time on LDL concentration, F (4, 25) = 
44.721, p < .05, partial n2= .877. So, simple main effects 
were done. 

 

 

Simple main effect between groups 

There was a statistically significant difference in LDL 
concentration between different groups after drug treatment, 
F (4, 25) = 56.051, p<.05, partial n2= .90. 

LDL concentration was increased from atorvastatin + gar-
lic group (39 ± 2.53) to atorvastatin group (53.33 ± 6.56), 
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garlic group (58.33 ± 1.21), ezetimibe + garlic group (64.33 
± 1.37) and ezetimibe group (70 ± 4.73) in that order. 

Games Howell post-hoc analysis (as there was no homo-
geneity of variances) revealed that this increase was statisti-
cally significant among all groups except among 1) atorvas-
tatin group and garlic group, 2) ezetimibe group and 
ezetimibe plus garlic group. 

Simple main effect of time 

There was a statistically significant effect of time on LDL 
concentration for all the groups and for all the groups LDL 
concentration was significantly reduced after treatment.  
(Table 3, Figure 2 ) 

 

Table 3. Change in LDL and VLDL(mg/dl) 

  LDL Percent-
age  

reduction 

VLDL Percent-
age  

reduction 

  PRE  POST  PRE  POST  
Atorvastatin 103.50±2.43 53.33±6.56 

P=0.001 
48 32.67±0.81 28.17±2.79 14 

Ezetimibe 104.17±2.14 70±4.73 
P=0.014 

33 34.67±2.16 25±0.89 
P=0.041 

28 

Garlic 104.±1.41 58.33±1.21 
P=0.001 

44 34.67±2.16 31.83±1.17 
P=0.053 

8 

Atorvastatin 
+Garlic 

103.50±2.43 39±2.53 
P=0.001 

62 32.67±0.82 24.33±2.25 
P=0.041 

26 

Ezetimibe 
 +Garlic 

105.83±1.3 64.33±1.37 
P=0.015 

39 33.17±0.75 27.83±1.47 
P=0.048 

16 

P value 
Between groups 

0.271 <0.001  0.634 <0.001  

 

VERY LOW-DENSITY LIPOPROTEIN (VLDL) 

There was a statistically significant interaction between 
the intervention and time on VLDL concentration, F (4, 25) 
= 7.659, p < .05, partial n2= .551. So, simple main effects 
were done. 

Simple main effect of group 

There was a statistically significant difference in VLDL 
concentration between different groups after drug treatment, 
F (4, 25) = 15.549, p<.05, partial n2= .713. 

VLDL concentration was increased from atorvastatin + 
garlic group (24.33 ± 2.25) to ezetimibe group (25 ± .89), 
ezetimibe + garlic group (27.83 ± 1.47), atorvastatin group 
(28.17 ± 2.79) and garlic group (31.83 ± 1.17) in that order. 

Games Howell post-hoc analysis (as there was no homo-
geneity of variances) revealed that this increase was statisti-
cally significant among 1) ezetimibe group and garlic group, 
2) ezetimibe group and ezetimibe plus garlic group, 3) garlic 
group and atorvastatin plus garlic group. 

Simple main effect of time 

There was a statistically significant effect of time on 
VLDL concentration for all the groups and for all the groups 
VLDL concentration was significantly reduced after treat-
ment. (Table 3, Figure 2). 

DISCUSSION 

Garlic is well known in traditional and folklore medicine 
for its hypolipidemic effect. Many in vitro and in vivo studies 
revealed organosulphur compound of Garlic cause inhibition 
of the hepatic activities of lipogenic and cholesterogenic en-
zymes that are thought to be the genesis for dyslipidemias, 
increased excretion of cholesterol and suppression of LDL-
oxidation.28-30 

There are very limited studies 14,15,16 comparing the addi-
tive effects of Allium sativum on these 2 drugs (atorvastatin 
and ezetimibe). The present work was undertaken to compare 
the hypolipidemic effect of Allium sativum alone and in 
combination with atorvastatin or ezetimibe in albino 
dyslipidemia rats (induced by atherogenic diet). After treat-
ing with different drugs all parameters (TC, TG, HDL, LDL 
and VLDL) were recorded and compared with revised base-
line values obtained after giving high fat diet. Here we found 
that, these values were significantly reduced compared to re-
vised baseline values (HDL was increased) and there was sig-
nificant difference among all the group. 

Atorvastatin (7.2 mg/kg body weight/day) was able to 
significantly reduce TC (43%), TG (40%), LDL (48%), 
VLDL (14%) and increase HDL (14%) after 12 weeks of 
drug treatment in animal models. Our result was supported 
by various previous studies. Kumar DS et al had showed that 
atorvastatin (1.2 mg/kg body weight) had significantly re-
duced TC, TG, LDL, VLDL and increased HDL level after 9 
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weeks of treatment in animal models. The same type of result 
was also shown by Krause BR and Newton RS in another 
study. Rajyalakshmi G et al had showed that plasma TC, TG 
and LDL levels were significantly reduced, and HDL levels 
were increased after treatment with atorvastatin in animal 
models 31-33.  Significant reduction in the level of serum cho-
lesterol, triglyceride, LDL, VLDL and increase in HDL level 
by HFD+ standard atorvastatin drug was shown by  Rajen-
dran Rand Krishnakumar E.  The same result   was   also 
shown in few another studies where atorvastatin was used 
1mg/kg body weight and 10mg/kg body weight 34-37.  

In our study we had found that, ezetimibe (0.9 mg/kg 
body weight/day) was able to significantly reduce TC (51%), 
TG (47%), LDL (33%), VLDL (28%) and increase HDL 
(23%) after 12 weeks of drug treatment in animal models . 
Mohammadi A et al had shown in a study that chow + 
0.005% (w/w) Ezetimibe Compared with hypercholester-
olemic control rats significantly decreased LDL (P<0.05) and 
TC (P<0. 05) after one-month treatment.13 The results of 
many experiments have shown that ezetimibe decline LDL 
by about 20% when administered alone.22 Studies have 
shown that ezetimibe decrease the levels of serum triglycer-
ide by 1.7 to 9.4%, but this reduction was not noticeable al-
ways.15 

Garlic homogenate was able to significantly reduce TC 
(16%), TG (23%), LDL (44%), VLDL (8%) and increase 
HDL (21%) after 12 weeks of drug treatment in animal mod-
els in our study. This is also supported by many other studies. 
Yeh YY et al had showed that hypocholesterolemia effect of 
water-soluble sulfur compounds of garlic is due to the inhi-
bition of cholesterol synthesis pathway, while the inhibition 
by lipid-soluble extracts of garlic results from the strong 
toxic properties of this lipid-extract. They also proved that 
water extract inhibited cholesterol synthesis more than meth-
anol and petroleum extractable fraction .38 Elmahdi B et al 
had showed in a study that adding 8% raw garlic to rat ather-
ogenic diet (diet containing 2% cholesterol), declined serum 
total cholesterol and LDL levels and increased HDL 
.39Aouadi et al. also, showed that addition of 10% fresh garlic 
to atherogenic diet (diet containing 2% cholesterol) led to 
significant reduction in LDL levels, and raised HDL levels in 
rat model . 40 In a study, HDL significantly increased in garlic 
extract-treated animals when compared with normal chow 
diet.  A study 38 was conducted to evaluate the effectiveness 
of aged black garlic (ABG) extract in alleviating obesity and 
hyperlipidemia, and regulating antioxidant properties in rats 
fed high-fat diet by Kim I et al and they had shown that ad-
ministration of ABG extract had improved the body weight 
gain and dyslipidemia through the suppression of body lipid 
profiles and antioxidant defense system.4 1  

Atorvastatin plus garlic group were able to significantly 
reduce TC (49%), TG (47%), LDL (62%), VLDL (26%) and 
increase HDL (22%) after 12 weeks of drug treatment in  
animal models   in our study. In a study it was shown that 
after one-month treatment significant reduction in total cho-
lesterol levels in rats treated with either Garlic Extract or AT 

(80 mg/kg) when compared to control group. Similarly, Con-
current administration of atorvastatin with garlic extract sig-
nificantly decreased total cholesterol level compared to con-
trol group. Moreover, combined administration of atorvas-
tatin and garlic extract produced a synergistic effect on the 
reduction of total cholesterol levels. This synergistic effect 
was observed at lower dose level of AT (20 mg/kg) while it 
is lost at higher dose level of AT (80 mg/kg) which had con-
tradicted our study result. However, no significant change in 
triglyceride levels was observed in garlic extract-treated rats 
(which had also contradicted our study) whereas, administra-
tion of AT (20 and 80 mg/kg) either alone or in combination 
with GE produced significant decrease in triglycerides levels 
compared to control group, which had supported our study 
result. 42 

Ezetimibe plus garlic group were able to significantly re-
duce TC (20%), TG (30%), LDL (39%), VLDL (16%) and 
increase HDL (31%) after 12 weeks of drug treatment in an-
imal models in our study. Maheswari G et al had shown in an 
animal study that the combination of ezetimibe (30 μg/kg) 
with garlic extract (10 mg/kg) resulted in lowering of serum 
total body cholesterol (12%), triglycerides (30%), LDL 
(33%), VLDL (21%) along with increase in serum HDL 
(46%) after treatment which indicated that garlic extract aug-
mented hypolipidemic effect of ezetimibe .14 This result was 
similar to our result but augmented hypolipidemic effect was 
not properly found in our study. 

Mohammadi A et al had shown in a study that serum lev-
els of LDL and TC significantly decreased in ezetimibe 
(p<0.05), garlic (p<0.05), and much more in combination of 
garlic and ezetimibe groups (p<0.001). TG and VLDL mark-
edly decreasedingarlicandcombinationofgarlicandezetimi-
begroups(p<0.05) while change of TG and VLDL in 
ezetimibe-treated animals were not significant. In their study 
they had used 4% (w/w) garlic  powder and 0.005% (w/w) 
ezetimibe .15 

In our study we had found that, after drug treatment given, 
significant TC & TG concentrations reduction were maxi-
mum among ezetimibe group, significant LDL & VLDL con-
centrations reduction were maximum among combination of 
atorvastatin and garlic group when compared to other treat-
ment groups. HDL concentration was maximally increased 
among combination ezetimibe and garlic group which was 
also statistically significant. 

Our study had certain limitations- Blood samples were 
drawn only at one point of time after the treatment, short 
study duration. 

CONCLUSION 

Biochemical parameters (TC, TG, LDL, and VLDL) 
could be effectively reduced and HDL could be increased af-
ter treating the animals with atorvastatin, ezetimibe, garlic 
homogenate, combination of atorvastatin and garlic homog-
enate, combination of ezetimibe and garlic homogenate. The 
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maximum effectivity in such reduction with ezetimibe for TC 
and TG. For LDL & VLDL, combination of atorvastatin and 
garlic homogenate was most effective. The maximum effec-
tivity in increase of HDL was noted with combination of 
ezetimibe and garlic homogenate. In summary, Garlic extract 
augmented hypolipidemic effect of ezetimibe and atorvas-
tatin.  Moreover, there is maximum effect with ezetimibe on 
HDL and with atorvastatin on LDL &VLDL, though 
study with various dose ranges is required 

 There remains a scope for future studies with larger sam-
ple size and longer duration. It is recommended for future ex-
trapolation in human after toxicity study. 
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