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Abstract 

BACKGROUND: High lipid accumulation in hepatocyte and blood vessels can lead to non-
alcoholic fatty liver disease (NAFLD) and heart diseases, respectively. These disorders are the 
main reasons of mortality in various countries. In this experiment, we evaluated the effect of leaf 
extracts of Anethum graveolens (AG), also known as Dill, and AG tablet on expression of low-
density lipoprotein receptor (LDLR) and liver lipid in hypercholesterolemic hamsters. 

METHODS: In this experimental study, 36 male golden hamsters were divided into 6 groups:  
1) standard diet + 0.5% cholic acid + 2% cholesterol [high cholesterol diet (HCD)], 2) HCD + 
100 mg/kg hydroalcoholic extract of Dill, 3) HCD + 200 mg/kg hydroalcoholic extract of Dill,  
4) HCD + 100 mg/kg Dill tablet, 5) HCD + 200 mg/kg Dill tablet, 6) chow. At the end of study 
(30th day), hamsters were anesthetized and blood sample and liver tissue were collected. 
Biochemical factors and antioxidant parameters were determined. LDLR messenger ribonucleic 
acid (mRNA) level was measured using real time polymerase chain reaction (RT-PCR). 
Histopathological change of liver was determined using light microscope. 

RESULTS: Compared to HCD group, blood lipids (P < 0.0010) and liver enzymes (P < 0.0010) 
markedly reduced in AG-treated groups. The expression of LDLR did not change significantly in 
animals which received low dose of hydroalcoholic extract or AG tablet, but it increased in 
animals receiving high dose of extract or tablet (P < 0.0100). Liver antioxidant significantly 
increased by AG (P < 0.0010). Liver histopathological changes were normalized by AG. 

CONCLUSION: AG can significantly increase LDLR gene expression in HCD animals. This study 
showed that both AG extract and AG tablet had potential antioxidant and hypolipidemic effects 
in hamsters. 
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Introduction 
In the recent years, heart diseases and alcoholic and 
non-alcoholic fatty liver disease (NAFLD) are 
known as the main causes of death in the world. In 
the recent decade, the prevalence of NAFLD 
strongly increased in various countries.1 In these 
diseases, low antioxidant capacity and dyslipidemia 
criteria such as reduced amount of high-density 
lipoprotein cholesterol (HDL-C) and changes in 
low-density lipoprotein (LDL) particles can be 
observed. Many clinical trial studies have established 
a log-linear correlation between LDL-C levels and 
coronary artery disease (CAD) events. The recent 
evidence approves a plan of primary and potential 

lowering of blood lipid levels as the primary target 
for prevention and treatment of CAD.2 On the 
other hand, accumulation of lipids in the liver leads 
to NAFLD. This disorder is directly accompanied 
by obesity, dyslipidemia, and hypertension, 
proposing the significant role of liver in metabolic 
disorders.1 

It has been well documented that elevated 
deposition of LDL-C into blood vessel walls initiate 
and develop atherosclerotic plaque. Clearance of 
blood LDL-C particles is chiefly mediated by liver 
LDL receptor (LDLR), a main regulator of 
cholesterol metabolism. LDLR has a vital role in 
hepatic uptake and clearance of plasma cholesterol, 
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and liver expresses about 80% of all LDLRs in the 
body.2 With abnormal LDLR function or structure, 
plasma LDL-C level rises that can increase 
atherosclerosis risk.1 Mutations in this gene, causing 
declined LDLR activity, are the chief reason for 
familial hypercholesterolemia (FH).2 Hence, 
normalizing blood LDL-C levels via increase of 
LDLR expression by chemical drugs or herbal 
medicine may offer therapeutic advantages.1 

Statins are used as the useful medications that 
inhibit cholesterol biosynthesis by suppression of  
3-hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA) 
reductase. However, statins have some adverse effects 
such as myopathy, myalgia, rhabdomyolysis, and 
myotoxicity.3 In this respect, herbal medicine is 
suggested for management and treatment of many 
disorders, especially diabetes and dyslipidemia.4-6  

Anethum graveolens L. (AG) is an annual plant 
which has been known to show hypolipidemic 
effects, and grows in Mediterranean region, Europe, 
and Asia.7 In traditional medicine, AG has been 
applied for the handling of gastrointestinal disorder 
and used as an antifungal, antibacterial, 
antisecretory, and antispasmodic agent.7 In the 
recent decade, the hypoglycemic properties of AG 
are approved by different studies.8-10 Since AG has 
shown potential cholesterol lowering effects, it is 
prescribed for dyslipidemia in Iran as Anethum 
tablet. It contains AG (68%), Citrus aurantifolia 
(4%), Cichorium intybus (5%), and Fumaria 
parviflora (5%).11 Although the hypolipidemic effect 
of AG has been revealed in different experiments, 
its mechanism remained unknown. On the other 
hand, the hepatoprotective effects of Dill during 
high-fat/high-cholesterol fed is not understood. 
Hence, the main purpose of this experiment was to 
evaluate the influence of Dill on the liver lipid 
accumulation and LDLR levels in 
hypercholesterolemic animals. 

Materials and Methods 

Fresh Dill was collected and identified by our 
colleague in the Department of Biology (School of 
Sciences, Bu-Ali Sina University, Hamadan, Iran), 
then dried at shadow, and coarsely powdered. A 100 
g of dried powder was defatted with 500 ml water 
and ethanol (1:1) and incubated at room 
temperature for 72 hours. The obtained solution 
was filtered 3 times through Whatman (No.2) filter 
paper and evaporated under the vacuum at 40 °C 
(yield: 23%). Sample was stored in dark vials at -20 
°C until use.12 Anethum tablet was prepared from 
Iran Darouk Company, Tehran, Iran. 

Male Syrian hamsters (130 ± 10 g) were obtained 
from Hamadan University of Medical Sciences, 
Hamadan City. They were maintained at standard 
situations with temperature at 24 ± 1 ºC, and 12-
hour dark/light cycles were used throughout the 
study. After one week of adaptation, animals were 
divided into 6 groups of 6 hamsters and treated as 
follows: 1) standard diet + 2% cholesterol + 0.5% 
cholic acid [high-cholesterol diet (HCD)], 2) HCD + 
100 mg/kg hydroalcoholic extract of Dill, 3) HCD + 
200 mg/kg hydroalcoholic extract of Dill, 4) HCD + 
100 mg/kg Dill tablet, 5) HCD + 200 mg/kg Dill 
tablet, 6) chow. Dill doses were selected based on 
previous reports.13 Various studies selected these 
doses of various experiments.14,15 The Desai and 
Patel conducted an experiment to determine the 
acute oral toxicity in animal model, and the results 
revealed that prescription of Dill at the dose of 1, 2, 3 
and 5 g/kg did not show any mortality and behavior 
changes after 24 hours. They also showed that acute 
administration of these doses for about 1 month did 
not show any mortality and behavior changes.16 

After one month, hamsters were anesthetized 
with diethyl ether after overnight fasting and then 
sacrificed. Blood was prepared from the heart of 
animals and liver tissue was removed and rapidly 
frozen with liquid nitrogen. All samples (n = 6) 
were blind for laboratory and pathologist. All the 
procedures of this experiment were permitted by 
Ethics Committee of Hamadan University of 
Medical Sciences. Exclusion criteria included old 
hamsters, unhealthy animals, and weighting more or 
less than 130 ± 10 g.   

Total cholesterol (TC) and triglycerides (TG) of 
liver were determined according to a modified 
method of a previous published paper.10 The liver 
tissue was homogenized and supernatant was used 
for determination of biochemical factors. For total 
antioxidant assay, 10 μl of butylated hydroxytoluene 
(BHT) (0.5 M in acetonitrile) was added to all 
samples to prevent oxidative reaction, and then 
total antioxidant capacity (TAC), superoxide 
dismutase (SOD), and malondialdehyde (MDA) 
were determined according to the formerly 
published paper.17,18 Serum TAC, MDA, and SOD 
were also determined.   

Quantitative real time-polymerase chain 

reaction (QRT-PCR) assay: Ribonucleic acid 
(RNA) was isolated from liver of each hamster  
(n = 6) using TrIzol (Invitrogen) according to 
manufacturer's instruction. The concentration and 
purity of RNA was evaluated by NanoDrop 
spectrophotometer and its integrity was determined 
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by agarose gel electrophoresis. 1 μg of template was 
used for complementary deoxyribonucleic acid 
(cDNA) synthesis using QuantiTect Reverse 
Transcription Kit (Fermentas Life Sciences).19 
Determination of LDLR gene expression was done 
by RT-PCR. Primer was designed as follows: LDLR 
(F: 5'-CTC CAC TCT ATC TCC AGC ATT-3'  
and LDLR R: 5'-GAC AAG AGG TTT  
TCA GCCACC AAA -3') and  
glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH) (F: 5'-TGGCCTTCCTTCCTACG-3' 
and R: 5'-TAGCCCAGGATGCCCTTCAG-3') as 
internal control. 

For histological examination, a small portion of 
each animal’s liver (n = 6) was removed and fixed with 
10% formalin. Sections were cut and stained with 
hematoxylin-eosin (H&E) and were photographed by 
light microscopy. Analysis was done by a pathologist 
who did not know the former information about the 
different groups. 

All results were presented as mean ± standard 
error of the mean (SEM). Comparisons between the 
groups were performed by one-way analysis of 
variance (ANOVA) followed by Tukey test using 
SPSS software (version 20, IBM Corporation, 
Armonk, NY, USA). The P-values < 0.05 were 
regarded statistically significant. 

Results 

Liver’s levels of TC and TG in HCD animals were 
higher compared with normal hamsters  
(P = 0.0005). Liver’s TC amount markedly 
decreased in the animals treated by both doses of 
Anethum tablet (P = 0.0200 and P = 0.0080, 
respectively) and also in Anethum extract  
(200 mg/kg) receiving group (P = 0.0150) (Table 1).  

Liver’s levels of TG markedly decreased by 
Anethum tablet at both doses (P = 0.0340 and  
P = 0.0006, respectively) and Anethum extract at 
the dose of 200 mg/kg (P = 0.0060) (Table 1). The 
reduction of liver lipid was much more in  
200 mg/kg Anethum tablet-treated animals in 
comparison to that of Anethum extract-receiving 
group (Table 1). Anethum extract and Anethum 
tablet markedly alleviated lipid profile and blood 
glucose in all treated groups compared with HCD 
animals (previously published data). 

Serum total antioxidant levels of HCD animals 
were lower compared with normal hamsters  
(P = 0.0002). Hamsters treated by both doses of 
Anethum tablet and the 200 mg/kg Anethum 

extract receiving group (P = 0.0066) revealed 
potential rise in TAC levels compared to HCD 
group (Table 1). Liver total antioxidant levels of 
HCD animals were also lower compared with 
normal hamsters (P = 0.0001). Anethum-treated 
animals at the doses of 100 and 200 mg/kg  
(P = 0.0029 and P < 0.0001, respectively) and 
Anethum extract receiving group at the dose of 100 
and 200 mg/kg (P = 0.0160 and P = 0.0081, 
respectively) exhibited significant rise in total 
antioxidant levels compared to those of HCD 
animals (Table 1).  

The serum level of MDA significantly increased 

in HCD group compared to that of normal animals 
(P < 0.0001). Furthermore, treatment of animals 
with Anethum tablet at doses of 100 and  
200 mg/kg (P = 0.0023 and P < 0.0001, 

respectively) and Anethum extract at the dose of 
200 mg/kg (P = 0.0015) led to a significant 
reduction in MDA level. In the liver, the change in 
MDA level had almost the same pattern. However, 

the reduction in MDA when treated with  
200 mg/kg Anethum tablet was more significant  
(P = 0.0047) compared with other groups (Table 1).  

The serum SOD activity was markedly reduced 
in HCD animals (P = 0.0017). SOD is well 
recognized as the primary defense against free 
radicals. Treatment with Anethum tablet at doses of 
100 and 200 mg/kg (P = 0.0300 and P < 0.0001, 
respectively) and Anethum extract at the dose of 
200 mg/kg (P = 0.0032) caused notable rise in SOD 
levels in comparison with untreated animals (Table 1). 

The activity of SOD in the liver also decreased 
in HCD animals compared with healthy hamsters  
(P = 0.0350). Treatment with Anethum extract and 
tablet caused significant increase in SOD levels in 
comparison with control animals (P = 0.0380 and  
P = 0.0410, respectively) (Table 1).  

Figure 1 shows the fold change of LDLR in the 
hepatocyte of animals. Anethum extract or 
Anethum tablet-treated animals (200 mg/kg) 
showed rise in LDLR gene markedly, as compared 
with HCD or normal animals (P < 0.0001 and  
P < 0.0001, respectively), whereas the change by 
100 mg/kg was not significant. 

The liver sections of normal groups showed 
usual histological form. The liver destructive 
changes were revealed in HCD hamsters. In these 
animals, normal concentric organization of 
hepatocytes was changed and sinusoids and portal 
vessels of liver were congested.  
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Table 1. Comparison of the oxidative stress markers in different-treated rats 

Groups Serum TAC 

(nmol/ml) 

Liver TAC 

(nmol/mg pro) 

Serum MDA 

(nmol/ml) 

Liver MDA 

(nmol/mg pro) 

Serum SOD 

(U/ml) 

Liver SOD 

(U/ml) 

Liver TG 

(mg/g) 

Liver TC 

(mg/g) 

Control 109.5 ± 4.5 85.5 ± 4.3 10.0 ± 2.0 3.0 ± 0.5 150.7 ± 6.5 157.5 ± 7.3 7.5 ± 1.2 6.8 ± 0.8 

HCD 80.5 ± 4.0
£
 58.0 ± 4.2

£
 16.5 ± 1.5

£
 7.0 ± 0.8

£
 118.2 ± 6.3

£
 131.3 ± 3.4£ 13.5 ± 0.8£ 12.0 ± 0.7£ 

HCD + AE (100 mg/kg) 79.0 ± 2.0 67.0 ± 2.0
*
 14.6 ± 2.8 6.8 ± 0.5 130.5 ± 4.5 155.4 ± 3.8

*
 12.0 ± 2.0 12.2 ± 0.7 

HCD + AT (100 mg/kg) 101.9 ± 4.5
**

 81.8 ± 5.0
**

 12.5 ± 1.4
**

 5.0 ± 0.4
*
 136.2 ± 3.7

*
 152.3 ± 12.6 10.0 ± 1.3

*
 9.5 ± 1.3

*
 

HCD + AE (100 mg/kg) 106.6 ± 3.5
**

 82.2 ± 3.5
**

 12.2 ± 1.0
**

 5.5 ± 0.5
*
 143.0 ± 4.2

**
 153.0 ± 5.7

*
 9.7 ± 0.7

**
 9.0 ± 1.0

*
 

HCD + AT (100 mg/kg) 112.5 ± 4.4
***

 91.0 ± 5.7
***

 10.3 ± 1.4
***

 5.0 ± 0.6
**

 144.4 ± 5.8
***

 155.4 ± 6.2
*
 7.3 ± 0.6

***
 7.0 ± 1.4

**
 

Data were expressed as mean ± standard error of the mean (SEM) 
£ P < 0.0010 compared with the normal control animals; * P < 0.0500; ** P < 0.0100; *** P < 0.0010 compared with high cholesterol diet (HCD) group 

AT: Anethum tablet; AE: Anethum extract; HCD: High cholesterol diet; TC: Total cholesterol; TG: Triglyceride, MDA: Malondialdehyde; TAC: Total antioxidant capacity; SOD: Superoxide 

dismutase 
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In HCD animals leukocyte infiltration, foam cell 
formation, and fat accumulation were observed. 
Treatment with Anethum tablet or its extract at the 
dose of 200 mg/kg markedly alleviated histological 
change of liver in high fat diet animals (Figure 2). 

 

 
Figure 1. The fold change of low-density lipoprotein 

receptor (LDLR) in liver of different-treated rats  
* P < 0.0500; *** P < 0.0010 compared with high cholesterol 

diet (HCD) group; # P < 0.0010 compared with the normal 

control animals. 

HCD: High cholesterol diet; AT: Anethum tablet;  

AE: Anethum extract 

Discussion 

Pervious experiments have reported that HCD 
leads to reactive oxygen species (ROS) generation in 
the liver, causing liver injury in human and animal 
models. Impairment of membrane by OH- and 
peroxynitrite (ONOO-) rises lipid peroxides which 
is able to react with redox metals to generate MDA, 
a main biomarker for oxidative stress assessment.20  
 

 
Figure 2. Histological changes of liver of different 

groups. The liver of Anethum graveolens (AG) extract- 

and AG tablet- treated animals showed restoration (at 

the dose of 200 mg/kg was more significant, ×400). 
HCD: High cholesterol diet; AT: Anethum tablet;  

AE: Anethum extract 

Final product of lipid peroxidation such as 
MDA has been recognized as an atherogenic and 
toxic agent. Clinical experiments established that 
patients with high levels of MDA and low levels of 
total antioxidant have increased susceptibility to 
atherosclerosis, diabetes, and other metabolic 
disorders. Different studies showed that declining 
of MDA and increasing of antioxidant levels with 
different medicine therapy is probably an advantage 
in management of metabolic disorders.21 In this 
study, total antioxidant in the liver significantly 
declined and MDA increased in 
hypercholesterolemic hamsters compared to normal 
group. Treatment of animals with AG tablet and 
AG extract normalized total antioxidant and MDA 
levels in hypercholesterolemic hamsters. We 
recently demonstrated the valuable properties of 
AG administration in improving dyslipidemia in 
animal models, proposing that it can be used as an 
alternative option for management of cardiovascular 
disease (CVD).22-24 For instance, 8-week use of AG 
tablet revealed markedly a decline in circulating 
levels of TC and LDL-C in diabetic rats.11 In 
addition, we showed that 4-week supplementation 
of AG tablet and AG extract reduced LDL-C levels 
and raised HDL-C levels in hypercholesterolemic 
hamsters.22 

We reported that TC, TG, very-low-density 
lipoprotein cholesterol (VLDL-C) and LDL-C were 
markedly reduced by AG tablet and AG extract, 
whereas HDL-C level was elevated in the treated 
groups. Our findings are similar to the previous 
results reported by Yazdanpanah.25 

Setorki et al.26 and Souri et al.27 established the 
lipid lowering properties of AG. Mobasseri et al.28 
also showed that supplementation of Anethum in 
diabetic patients restored insulin sensitivity and 
normalized blood lipid levels.  

In the current experiments, AG increased the 
LDLR gene expression, lower value of delta cycle 
threshold (ΔCt) means higher gene expression, and 
consequently modulated circulating cholesterol and 
LDL-C levels. High levels of LDLR are well 
established to decline serum LDL-C by increasing 
removal of circulating LDL-C. LDL-C clearance 
may suppress accumulation of cholesterol in the 
blood and result in a decline in the atherosclerosis 
risk. We showed that high cholesterol regimen 
decreased LDLR expression, which is probable 
because of the feedback mechanism motivated by 
high levels of cellular cholesterol in the hepatocyte. 
It has been reported that dietary cholesterol inhibits 
hepatic LDLR expression.29 Our results indicated 
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that LDLR expression significantly increased by AG 
extract and AG tablet. The hamsters in HCD group 
treated by AG extract or AG tablet at the dose of 
200 mg/kg exhibited increase in LDLR gene 
expression. However, supplementation of AG tablet 
showed more increase in the LDLR expression 
compared with other groups. The exact lipid 
lowering mechanism of AG is not completely 
understood; but previously, Souri et al.27 reported 
that AG was able to change HMG-
CoA/mevalonate ratio. We previously reported that 
AG could decrease HMG-CoA reductase in the 
animal models.22 Also, the HMG-CoA reductase 
activity was reduced by AG extract and AG tablet at 
the dose of 200 mg/kg. The HMG-CoA reductase 
suppression causes reduction of liver cholesterol 
production and leads to low levels of VLDL-C 
secretion by the liver. Some studies showed that 
rutin and quercetin (main components of AG) 
reduced serum LDL-C, TC, and liver lipid 
accumulation.30 It has been shown that quercetin 
inhibits HMG-CoA reductase activity.31 

In this study, AG administration significantly 
reduced the liver TC and TG. Previously, we 
showed that AG contained flavonoid, phenolic, and 
tannin.11 According to our previous report, the total 
phenolic and flavonoid compounds in AG extract 
were 160 and 120 mg/g and in AG tablet were 190 
and 151 mg/g, respectively.22 Many studies reported 
that these compounds had hypocholesterolemic, 
hypoglycemic, antioxidant as well as anti-
atherogenesis and anti-thrombosis effects.32,33 
Reduction of TC and TG levels in hepatocyte by 
AG may result in inhibition of cholesterol 
biosynthesis and stimulation of cholesterol 
conversion to bile acids. 

The histopathological findings revealed that AG 
regenerated liver structure in HCD hamsters. 
Regeneration effects by Anethum may enlighten the 
positive effects of this medicine on liver 
antioxidants and fat accumulation. This useful effect 
of AG only was observed at high doses. 

Conclusion 

The findings of this experiment indicated that AG 
could be used in liver disease. Hypocholesterolemic 
activity of AG probably is through increasing 
LDLR gene expression in liver. 
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