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Abstract 
Objective: Finding compounds that could be used for prevention 

of atherosclerosis (AS) is highly desired. The present study 

evaluated the protective effects of Urtica dioica (UD, commonly 

known as stinging nettle) leaf ethanolic extract against high-fat 

diet-induced AS in rats.  

Materials and Methods: In this study, 40 male adult Sprauge-

Dawley rats were randomly allocated to 4 equal groups and treated 

as follows for 9 consecutive weeks:  (1) Normal control (NC; 

normal rats that were fed with a basic diet); (2) Atherosclerotic 

rats (AT; which received no particular treatment); (3) 

Atherosclerotic rats that received 100 mg/kg/day ethanolic extract 

of UD orally and (4) Atherosclerotic rats that received simvastatin 

4 mg/kg/day orally. Atherosclerosis was induced by a high-fat diet 

accompanied by propylthiouracil and vitamin D3.  

Results: Marked hypercholesterolemia and significant increase in 

LDL-C/HDL-C ratio were observed in rats of AT group. 

Administration of UD significantly reduced these parameters as 

compared to AT group (p<0.05 for all cases). In histopathological 

evaluations of the aortic arch, AT rats showed atherosclerotic 

lesions, which were markedly ameliorated in rats treated with UD 

or simvastatin. Simvastatin and UD significantly reduced medial 

(p<0.05) but not intimal thickness. Increased level of 

malondialdehyde (MDA) and reduced total antioxidant capacity 

(TAC) were observed in the aortic arch of AT rats (p<0.05 for all 

cases). In contrast with simvastatin, UD extract had no significant 

effect on these parameters.  

Conclusion: Ethanolic extract of UD prevents establishment of 

atherosclerotic lesions in rat aorta, which is associated with 

positive effects on serum lipid profile without significantly 

affecting antioxidant status. 
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Introduction 
Atherosclerosis (AS) is associated with 

thickening and hardening of the arteries' 

walls, which generally predisposes the 

patient to severe cardiovascular events 

such as heart attacks, strokes, and acute 

coronary syndrome due to disturbances in 

blood flow when enough narrowing or 

closure of arterial lumen occurs. Although 

not completely elucidated, the pathological 

process underlying AS is initiated by 

endothelial damage which results in 

exposure of proteoglycans with binding 

affinity for Apo B100 moiety of LDL 

particles. This leads to accumulation of 

LDL in intima and subsequently causes 

oxidative states by increased levels of 

reactive oxygen species or oxidative 

enzymes released by inflammatory cells. 

These oxidized lipids give rise to over 

expression of adhesion molecules and 

secretion of pro-inflammatory cytokines 

that promote generation of 'fatty streaks' 

made of T cells and foam cells loaded with 

lipids. The process can progress to the 

evolution of a necrotic core (Khan et al., 

1995; Weber and Noels, 2011).  

Administration of high-fat diets to 

promote AS in animal models is a valuable 

tool for studying pathogenesis and testing 

novel compounds for treatment or 

prevention of AS. Rats and mice are not 

good models for AS, because they are 

typically resistant to atherogenesis; 

therefore, other interventions, such as 

administration of vitamin D3, to promote 

vascular calcification is often required 

(Leong et al., 2015) which considerably 

elevates the rate of lesion generation.  

Unfortunately, currently available 

therapeutic approaches (e.g. statins as the 

most appreciated and routinely prescribed 

therapeutics for AS), do not completely 

address the inflammatory processes 

responsible for progression of AS.   

Established therapeutic agents used for AS 

mainly focus on alleviating hypertension 

and hyperlipidemia or controlling 

homeostasis to prevent thrombotic 

complications (Weber and Noels, 2011).  

Therefore, discovery of multifaceted 

compounds with high safety and 

appreciable outcome is still intriguing; 

especially, compounds that can prevent 

establishment of atherosclerotic lesions are 

highly desired.   

Medicinal plants comprise an 

underexploited source of 

drugs. Urtica dioica L. (UD) (Urticaceae) 

or “stinging nettle” abundantly grows in 

northern Europe and much of Asia and is 

usually found in the countryside. This herb 

has a history of use in traditional medicine 

to treat diverse conditions including lipid 

disturbances. Positive effect of UD against 

lipid derangements has been demonstrated 

in in vivo studies (Avci et al., 2006 and 

Daher et al., 2006). More recently, a 

triplex mixture of Peganum harmala, 

Rhuscoriaria, and UD aqueous extracts 

was shown to improve metabolic and 

histological parameters in diabetic rats 

(Abedi Gaballu et al., 2015) and in a study 

done by Nassiri-Asl et al., 2009, UD 

extract, especially at 100 mg/kg, showed 

positive effects on serum lipid profile and 

liver histopathological features of rats fed 

with a high-cholesterol diet. This 

motivated us to evaluate the plausible 

protective effects of UD against 

establishment of atherosclerotic lesions in 

animals fed ahigh-fat-diet as an animal 

model of AS. 

 

 

Materials and Methods 
Preparation of the extract 

Dried leaves of UD were purchased 

from an authentic local medicinal herb 

shop (Shiraz, Iran, May 2016) and after 

confirmation of quality, genus and species 

by a botanist (Shiraz University, School of 

agriculture), were used for extraction. The 

extraction technique was cold maceration 

by using 70% ethanol as the solvent. 

Briefly, 100 g of finely ground leaves was 

macerated in 1000 ml of 70% ethanol 

(herb/solvent ratio of 1:10 w/v) for 72 hr 

with intermittent stirring. After filtering, 

the solvent was evaporated in a rotary 
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evaporator at 50°C. The powder was kept 

at -20 °C until use. The powder was 

dissolved in distilled water at the time of 

administration. The herb/extract ratio was 

8:1 (w/w) (The extraction method was 

previously described by Nassiri-Asl et al., 

2009 and done following minor 

modifications). 

 

Animals and study design 
Forty male adult Sprauge-Dawley rats 

with a mean body weight of 200±15 g 

were adapted to standard environmental 

conditions, including 12hr/12hr light/dark 

cycles at 23±2 °C for one week and then 

were randomly allocated to 4 equal groups 

(n=10 in each) and treated every day for 9 

consecutive weeks as follows:  

1. Normal control (NC) (normal rats 

that were given a commercial corn-soy 

based diet as basic diet with the analysis 

presented in Table 1). 

2. Atherosclerotic rats (AT) (rats that 

received no particular treatment). 

3. Atherosclerotic rats that received 100 

mg/kg/day ethanolic extract of UD by oral 

gavages (UD group). The dosage was 

chosen based on the results of the study 

done by Nassiri-Asl et al., 2009 for 

hypolipidemic effects of UD hydro 

alcoholic extract. 

4. Atherosclerotic rats that received 

simvastatin (Shahr Darou Ltd., Iran) 

4mg/kg/day by oral gavages (comparative 

control or CC group) (Hu et al., 2015). 

In this study, AS was induced by 

administration of high-fat diet along with 

propylthiouracil (PTU) and vitamin D3. 

The high fat diet contained 80.8 % normal 

diet, 3.5 % cholesterol (Sigma, USA), 10 

% animal oil (sheep ghee), 0.2 % PTU 

(Iran Hormone Co., Iran), 0.5 % sodium 

cholate (Sigma, USA), and 5 % refined 

sugar. Moreover, rats received vitamin 

D3(100,000 IU/kg; Osve pharmaceutical 

Co., Iran) during the first four days by oral 

gavages. AS induction was done according 

to the reports of Hu et al., 2015 and Pang 

et al., 2010, with little modifications. 

At the end of the 9th week and after an 

overnight starvation, all animals were 

weighed, bled by cardiocentesis under 

diethyl ether anesthesia and then sacrificed 

by deep anesthesia. One cm-long samples 

were immediately removed from the aortic 

arch of all rats.  

All procedures used in the present study 

were done in accordance with institutional 

ethical guidelines for the care and use of 

laboratory animals in experiments 

compatible with European convention for 

the protection of vertebrate animals used 

for experimental and other scientific 

purposes. 

 

Serum lipids assays 

The levels of TC, TG, HDL-C, and 

LDL-C in serum were assayed using 

commercial kits prepared by Pars Azmoon 

Co., Iran as instructed by the 

manufacturer. Total cholesterol and TG 

were assayed by cholesterol oxidase-

phenol+ aminophenazone (CHOD-PAP) 

and glycerol-3-phosphate oxidase-

 phenol+ aminophenazone (GPO-PAP) 

colorimetric methods, respectively. 

Enzymatic methods were used for 

determination of LDL-C and HDL-C 

concentrations.  

 

Histopathological and 

histomorphometric evaluation of aortic 

arch 

Half of the aortic arch samples were 

fixed in 10% neutral buffered formalin. 

After routine histological processes, 5-μm 

thick longitudinal sections were prepared 

and stained with hematoxylin and eosin to 

be examined under light microscope.Then, 

photomicrographs were prepared and 

thickness of tunica intima and tunica 

media in each sample was determined as 

the mean of 3 measurements in one 

microscopic slide by using Zeiss Axio 

Vision 4.8 software.  

 

Determination of the aortic arch 

malondialdehyde (MDA) content and 

total antioxidant capacity (TAC) 
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The remaining part of the aortic arch 

was kept in -70°C until use. Samples were 

mechanically homogenized in 1/1 (w/v) 

PBS 100mM (pH 7.4) and then sonicated 

on ice 3 times (each time for 20 sec) with 

20-sec intervals, followed by 

centrifugation at 15000 rpm for 10 min at 

4∘C. The supernatant was used for 

determination of TAC and MDA content 

by colorimetric method at 490 and 535 nm 

respectively, using Zell Bio kits, Germany.   

 

Statistical analysis 

Data were expressed as mean±SD and 

subjected to one-way analysis of variance 

(ANOVA) followed by Tukey's multiple 

comparison test. A p<0.05 was considered 

statistically significant (SPSS software 

version11.5). 

 

 

Results 

Body weight and serum lipids 

Marked hypercholesterolemia was 

observed in rats of AT, UD and CC groups 

that received a high-fat diet as compared to 

NC group (p<0.001 for all comparisons). 

Interestingly, simvastatin administration 

only insignificantly reduced 

hypercholesterolemia in rats of CC group, 

while administration of UD significantly 

diminished hypercholesterolemia in 

comparison to AT group (p<0.01).  
 

Table 1. Analysis of the composition of the basic 

diet 
 

Humidity (%) 9.9 

Dry matter (%) 90.1 

Crude fat (%) 3.4 

Crude protein (%) 21.5 

Crude fiber (%) 3.4 

Ash (%) 5.35 

NaCl (%) 0.37 

Calcium (%) 0.93 

Phosphorus (%) 0.73 

Nitrogen-free extract (%) 56.4 

Total digestible nutrients (%) 75.5 

Digestible energy (Kcal/Kg) 3330 

Metabolisable energy (Kcal/Kg) 2910 

 

 

 

 

 

Table 2. Serum lipid parameters and body weight 

(mean±SD) of rats in different groups (n=10). 
 
 NC AT UD CC 

Total 

cholesterol 

(mg/dl) 

51.7±8.76** 618±139 455±89* 569±119 

LDL-

C/HDL-C 

0.421±0.094** 2.02±0.521 1.25±0.270* 1.88±0.506 

Triglycerid

es (mg/dl) 

64.5±11.6 63.8±17.2 53.2±8.17 58.2±14.7 

Body 

weight (g) 

290±23.2** 225±24.2 218±15.4 202±13.5 

 

Asterisk signs are used to show significant 

difference with AT group (*P<0.01, **P<0.001). 

NC: Normal control (normal rats that were fed with 

a commercial corn-soy-based diet); AT: 

atherosclerotic rats that received no particular 

treatment; UD: atherosclerotic rats that received 

100 mg/kg/day ethanolic extract of UD orally and 

CC: atherosclerotic rats that received simvastatin 4 

mg/kg/day orally, for 9 weeks. 
 

Rats in AT group showed a significant 

increase in LDL-C/HDL-C ratio with 

about 5-time increase as compared to NC 

rats (p<0.001). Administration of UD 

significantly reduced this parameter as 

compared to AT group (p<0.01), whereas 

simvastatin showed a slight reducing 

effect. Serum TG levels were not 

statistically different among different 

groups (p>0.05). Rats in AT, UD and CC 

groups showed statistically non-significant 

differences in terms of body weights which 

was significantly lower than normal 

animals in NC group (p<0.001), (Table 2).  

 

Histopathological evaluations 

No lesion was observed in the aortic 

sections of NC group, while the rats of AT 

group showed degeneration of tunica 

intima, deposition of lipid and formation 

of the plaques. Tunica media was also 

thickened. 

In other groups, tissue sections were 

normal and no damage or thickening was 

seen (Figure 1).  
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Figure 1. (A) Aortic tissue section of a rat from 

normal control group shows normal architecture. 

(B) Tissue section of a rat from atherosclerotic 

group reveals deposition of lipid (arrows). (C) and 

(D) show tissue sections of groups treated with 

simvastatin and stinging nettle, respectively with 

no damage or lipid deposition (H&E X100). 

 

Thickness of tunica intima and tunica 

media of the aortic arch 

The aortic arch intimal and medial 

thicknesses of different groups are shown 

in Figure 2. Both tunica intima and tunica 

media had higher thicknesses in AT group 

as compared to NC rats (p<0.05 and 

p<0.01, respectively). Although UD as 

well as simvastatin administration 

decreased intimal thickness, the reduction 

was not significant in comparison with AT 

group. In medial layer, however, there was 

a significant decrease in thickness of rats 

in groups treated with UD or simvastatin 

as compared to AT animals (p<0.01 and 

p<0.05, respectively). Interestingly, rats of 

these two groups showed statistically 

comparable medial thickness as compared 

to NC group. 

 
A) 

 
B) 

 
Figure 2.The aortic arch intimal (A) and medial (B) 

thicknesses (mean±SD) in different groups (n=10). 

Asterisk sign is used to show significant difference 

with AT group (*P<0.01). NC: Normal control 

(normal rats fed with a commercial corn-soy-based 

diet); AT: atherosclerotic rats that received no 

particular treatment; UD: atherosclerotic rats that 

received 100 mg/kg/day ethanolic extract of UD 

orally and CC: atherosclerotic rats that received 

simvastatin 4 mg/kg/day orally for 9 weeks. 
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Aortic arch MDA content and TAC 

As demonstrated in Figure 3, induction 

of AS was associated with an oxidative 

stress in the aortic arch demonstrated by an 

increased level of MDA accompanied by 

reduced TAC in rats of AT group as 

compared to NC rats (p<0.001 for both 

comparisons). Administration of UD 

extract had only a slight ameliorative 

effect on these parameters as compared to 

AT group (p>0.05). Simvastatin 

administration in CC group significantly 

increased TAC and reduced MDA content 

as compared to AT rats (p<0.001 for both 

comparisons); however, these parameters 

were not restored to normal levels of NC 

group (p<0.001 for both parameters).  
 

A) 

 
B) 

 
Figure 3. Aortic arch MDA content (A) and TAC 

(B) (mean±SD) in different groups (n=10). Asterisk 

sign is used to show significant difference with AT 

group (**P<0.001). NC: Normal control (normal 

rats fed with a commercial corn-soy-based diet); 

AT: atherosclerotic rats that received no particular 

treatment; UD: atherosclerotic rats that received 

100 mg/kg/day ethanolic extract of UD orally and 

CC: atherosclerotic rats that received simvastatin 4 

mg/kg/day orally for 9 weeks. 

 

Discussion 
The current study confirms positive 

effects of the UD hydro alcoholic extract 

on serum lipid parameters; also, this study, 

for the first time, indicated UD protective 

effects against establishment of 

atherosclerotic lesions in a rat model of 

dietary-induced AS with regard to 

histomorphometric and histopathological 

features and clearly showed that these 

positive effects are not associated with the 

antioxidant effect of UD extract in the 

aortic arch. 

Atherosclerosis is among the leading 

causes of death worldwide; however, 

rigorous works of scientists in order to find 

agents that can reduce cardiovascular 

events due to this condition, are still far 

from perfect (Gleissner, 2016). The 

demand for finding new and efficient 

drugs is addressed by many researchers in 

studies focused on herbs with well-known 

positive effects on serum lipid profile 

derangements as a classic risk factor for 

atherogenesis. Stinging nettle has shown to 

be promising in controlling metabolic 

diseases which are associated with 

derangements in lipid profile in both 

animal models and human studies. 

Administration of UD has reduced serum 

TG, TC and LDL-C while increased HDL-

C levels in an animal model of polycystic 

ovary syndrome (Zare et al., 2015). In a 

relatively small, single-blind randomized 

clinical trial, Tarighatesfanjani et al. 

(2012) observed that administration of 

hydro alcoholic extract of UD 100/kg/day 

to type 2 diabetic patients for  8 weeks, is 

associated with a significant reduction in 

TG as well as LDL-C/HDL-C and 

TC/HDL-C ratios accompanied by an 

increase in HDL-C levels 

(Tarighatesfanjani et al., 2012). In a 

closely related study, aqueous extract of 

UD (150 mg/kg/day administered for a 

month) improved blood lipid profile in rats 

fed with high-fat diet (Daher et al. 2006). 

It should be mentioned that Daher et al. 

used a model of relatively mild 

hyperlipidemia by adding 5% w/w coconut 
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oil to rats' diet for only a month. Due to the 

natural resistance of rats to atherosclerotic 

lesions, it does not seem that this 

intervention could induce AS in rats, a 

matter that has not been addressed by the 

authors. In the present study, in addition to 

hyperlipidemia, rats showed overt signs of 

AS in the aortic arch with regard to 

histopathological results which was due to  

the complex regimen used to induce the 

AS lesions. Consistent with others, we 

observed an ameliorative effect for UD 

extract on dyslipidemia (which was 

surprisingly more pronounced than 

simvastatin), although we could not 

determine the underlying mechanism of 

this effect. Daher et al. observed that 

administration of UD is not associated 

with a change in fecal TG or cholesterol 

content in high-fat-diet fed rats; therefore, 

prevention of fat absorption does not seem 

to be responsible for hypolipidemic effect 

of UD. This promotes the idea that 

hypolipidemic effect of UD may be due to 

its plausible effect on lipoprotein 

metabolism.  It is worth to mention that 

similar to the results reported by Daher et 

al., UD-induced reduction in LDL-C/HDL-

C observed in our study, was basically the 

result of direct reduction in LDL-C levels 

where HDL-C levels of rats treated with 

UD were statistically comparable to those 

of AT rats. Reduction in apo B synthesis 

by UD was previously described by Daher 

et al. and may be responsible for this 

effect. Other possible mechanisms need to 

be clarified in future studies.  

In a pioneer study performed by Joris et 

al. in 1983 on the pathogenesis of AS in 

the aorta of hypercholesterolemic rats, the 

authors reported that in this model, 

atherosclerotic plaques are initiated by 

mononuclear cell adhesion and emigration 

followed by the emergence of sub 

endothelial foam cells and fatty streaks and 

typical atherosclerotic plaque formation. 

Endothelial denudation was not a 

necessary step in the pathogenesis. High 

levels of LDL-C decrease nitric oxide 

production (Feron et al., 1999). Resultant 

vascular smooth muscle proliferation and 

leukocyte adhesion are important in 

atherogenesis and medial thickening 

(Kawashima and Yokoyama, 2004). In the 

present study, we also observed thickening 

of tunica intima and media of rats in AT 

group which was reduced to a statistically 

similar degree by both UD extract and 

simvastatin. This decrease was more 

pronounced for medial thickness. In 2001, 

Kaneider et al. showed that cerivastatin is 

able to inhibit leukocyte chemotaxis and 

has apoptotic effects on neutrophils, 

monocytes and smooth muscle cells of the 

vascular wall.  This can describe the 

reducing effect of simvastatin on intimal 

and medial thickness of atherosclerotic rats 

in our study; nonetheless, whether the 

same mechanism is applicable for UD 

remains to be clarified in future studies.  

Production of reactive oxygen species 

(ROS) by endothelial, vascular smooth 

muscle, and adventitial cells is enhanced in 

AS and these ROS in turn, can promote 

atherogenesis especially by 

oxidative modification of lipoproteins and 

phospholipids (Li et al., 2014).  As stated 

in the present study, the increase in MDA 

accompanied by decreased TAC in the 

aortic arch of rats in AT group, indicate 

the occurrence of oxidative stress in this 

group. In contrast to simvastatin, UD 

extract did not ameliorate the severity of 

oxidative stress. Antioxidant properties of 

statins have been well established.  In 

addition to their lipid-lowering ability, 

statins can reduce production of ROS and 

increase the resistance of LDL to 

oxidation. These properties enhance their 

preventive effect in atherosclerotic disease 

(Rosenson, 2004). Both oxidant and 

antioxidant properties of UD have been 

reported. In a previous study ROS 

formation and lipid peroxidation were 

concentration-dependently increased 

following treatment of human gastric 

(MKN45) and colon (HT29) cancer, as 

well as normal human foreskin fibroblast 

(HFF) cells with UD hydro alcoholic 

extract (Ghasemi et al., 2016). On the 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Kawashima%20S%5BAuthor%5D&cauthor=true&cauthor_uid=15001455
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contrary,  in a clinical trial on patients with 

type 2 diabetes, Namazi et al., 2012 

observed that after eight-week 

administration of hydro alcoholic extract 

of UD, blood levels of TAC and 

superoxide dismutase (SOD) activity 

increased without a change in MDA and 

glutathione peroxidase (GPX) activity 

compared to base line (Namazi et al. 

2012).  

One of the limitations of our study is 

that we did not perform phytochemical 

evaluation of the extract; however, in a 

previous study performed by Mojab et al., 

2003 it was shown that hydro-alcoholic 

extract of UD contains alkaloids and 

saponins while it is void of flavonoids and 

tannins which are famous for their 

antioxidant properties (Mojab et al., 2003). 

In another study, it has been shown that 

the ethyl acetate fraction of UD has potent 

antioxidant activities as compared to other 

fractions (Bisht et al., 2016). Therefore, 

the method of extraction or the tissue or 

site assayed may have affected the 

antioxidant properties of UD.   

In conclusion, our study showed that 

hydro alcoholic extract of UD prevents 

establishment of atherosclerotic lesions in 

rat aorta, which is associated with positive 

effects on serum lipid profile without 

significantly affecting antioxidant status.    

 

Acknowledgment 

This study was funded by Shiraz 

University (grant number 

94GCU5M163773). 

 

Conflicts of interest 

The authors declare that they have no 

conflict of interest. 

 

 

References 
Abedi Gaballu F, Abedi Gaballu 

Y, Moazenzade Khyavy O, Mardomi 

A, Ghahremanzadeh K, Shokouhi 

B, Mamandy H. 2015. Effects of a triplex 

mixture of Peganum harmala, 

Rhuscoriaria, and Urtica dioica aqueous 

extracts on metabolic and histological 

parameters in diabetic rats. Pharm Biol, 

53:1104-1109.  

Avci G, Kupeli E, Eryavuz A, Yesilada E, 

Kucukkurt I. 2006. 

Antihypercholesterolaemic and antioxidant 

activity assessment of some plants used as 

remedy in Turkish folk medicine. J 

Ethnopharmacol, 107:418–423. 

Bisht R, Joshi BC, Kalia AN, Prakash A. 

2016. Antioxidant-rich fraction 

of Urticadioica mediated rescue of striatal 

mito-oxidative damage in MPTP-induced 

behavioral, cellular, and neurochemical 

alterations in rats. Mol Neurobiol,  

54:5632-5645. 

Daher CF, Baroody KG, Baroody GM. 2006. 

Effect of Urticadioica extract intake upon 

blood lipid profile in the rats. Fitoterapia, 

77: 183–188. 

Feron O, Dessy C, Moniotte S, Desager JP, 

Balligand JL. 1999. Hypercholesterolemia 

decreases nitric oxide production by 

promoting the interaction of caveolin and 

endothelial nitric oxide synthase. J Clin 

Invest, 103:897–905. 

Ghasemi S, Moradzadeh M, Mousavi 

SH, Sadeghnia HR. 2016. Cytotoxic 

effects of Urtica dioica radix on human 

colon (HT29) and gastric (MKN45) cancer 

cells mediated through oxidative and 

apoptotic mechanisms. Cell Mol Biol, 

(Noisy-le-grand)  62:90-96. 

Gleissner CA. 2016. 

Translational atherosclerosis research: 

From experimental models to coronary 

artery disease in humans. Atherosclerosis, 

248:110-116. 

Hu Y, Sun B, Liu K, Yan M, Zhang Y, Miao 

C, Ren L. 2016. Icariin Attenuates High-

cholesterol Diet Induced Atherosclerosis i

n Rats byInhibition of Inflammatory Resp

onse and p38 MAPK Signaling Pathway. 

Inflammation, 39:228-236.  

Joris I, Zand T, Nunnari JJ, Krolikowski 

FJ,Majno G. 1983. Studies on the 

pathogenesis of atherosclerosis. I. 

Adhesion and emigration of mononuclear 

cells in the aorta of hypercholesterolemic 

rats. Am J Pathol,  113: 341–358. 

Kaneider NC, Reinisch CM, Dunzendorfer S, 

Meierhofer C, Djanani A, Wiedermann CJ. 

2001. Induction of apoptosis and 

inhibition of migration of inflammatory 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Abedi%20Gaballu%20F%5BAuthor%5D&cauthor=true&cauthor_uid=25612773
https://www.ncbi.nlm.nih.gov/pubmed/?term=Abedi%20Gaballu%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=25612773
https://www.ncbi.nlm.nih.gov/pubmed/?term=Abedi%20Gaballu%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=25612773
https://www.ncbi.nlm.nih.gov/pubmed/?term=Moazenzade%20Khyavy%20O%5BAuthor%5D&cauthor=true&cauthor_uid=25612773
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mardomi%20A%5BAuthor%5D&cauthor=true&cauthor_uid=25612773
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mardomi%20A%5BAuthor%5D&cauthor=true&cauthor_uid=25612773
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ghahremanzadeh%20K%5BAuthor%5D&cauthor=true&cauthor_uid=25612773
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shokouhi%20B%5BAuthor%5D&cauthor=true&cauthor_uid=25612773
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shokouhi%20B%5BAuthor%5D&cauthor=true&cauthor_uid=25612773
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mamandy%20H%5BAuthor%5D&cauthor=true&cauthor_uid=25612773
https://www.ncbi.nlm.nih.gov/pubmed/25612773
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bisht%20R%5BAuthor%5D&cauthor=true&cauthor_uid=27624385
https://www.ncbi.nlm.nih.gov/pubmed/?term=Joshi%20BC%5BAuthor%5D&cauthor=true&cauthor_uid=27624385
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kalia%20AN%5BAuthor%5D&cauthor=true&cauthor_uid=27624385
https://www.ncbi.nlm.nih.gov/pubmed/?term=Prakash%20A%5BAuthor%5D&cauthor=true&cauthor_uid=27624385
https://www.ncbi.nlm.nih.gov/pubmed/27624385
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ghasemi%20S%5BAuthor%5D&cauthor=true&cauthor_uid=27755943
https://www.ncbi.nlm.nih.gov/pubmed/?term=Moradzadeh%20M%5BAuthor%5D&cauthor=true&cauthor_uid=27755943
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mousavi%20SH%5BAuthor%5D&cauthor=true&cauthor_uid=27755943
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mousavi%20SH%5BAuthor%5D&cauthor=true&cauthor_uid=27755943
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sadeghnia%20HR%5BAuthor%5D&cauthor=true&cauthor_uid=27755943
https://www.ncbi.nlm.nih.gov/pubmed/27755943
https://www.ncbi.nlm.nih.gov/pubmed/27755943
https://www.ncbi.nlm.nih.gov/pubmed/26999293
https://www.ncbi.nlm.nih.gov/pubmed/26999293
https://www.ncbi.nlm.nih.gov/pubmed/26999293
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hu%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=26307750
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sun%20B%5BAuthor%5D&cauthor=true&cauthor_uid=26307750
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20K%5BAuthor%5D&cauthor=true&cauthor_uid=26307750
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yan%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26307750
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=26307750
https://www.ncbi.nlm.nih.gov/pubmed/?term=Miao%20C%5BAuthor%5D&cauthor=true&cauthor_uid=26307750
https://www.ncbi.nlm.nih.gov/pubmed/?term=Miao%20C%5BAuthor%5D&cauthor=true&cauthor_uid=26307750
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ren%20L%5BAuthor%5D&cauthor=true&cauthor_uid=26307750
https://www.ncbi.nlm.nih.gov/pubmed/?term=Icariin+Attenuates+High-cholesterol+Diet+Induced+Atherosclerosis+in+Rats+by+Inhibition+of+Inflammatory+Response+and+p38+MAPK+Signaling+Pathway
https://www.ncbi.nlm.nih.gov/pubmed/?term=Joris%20I%5BAuthor%5D&cauthor=true&cauthor_uid=6650664
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zand%20T%5BAuthor%5D&cauthor=true&cauthor_uid=6650664
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nunnari%20JJ%5BAuthor%5D&cauthor=true&cauthor_uid=6650664
https://www.ncbi.nlm.nih.gov/pubmed/?term=Krolikowski%20FJ%5BAuthor%5D&cauthor=true&cauthor_uid=6650664
https://www.ncbi.nlm.nih.gov/pubmed/?term=Majno%20G%5BAuthor%5D&cauthor=true&cauthor_uid=6650664
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1916360/


Namazi et al. 

AJP, Vol. 8, No. 3, May-Jun 2018                                                262 

and vascular wall cells by cerivastatin. 

Atherosclerosis, 158: 23–33. 

Kawashima S, Yokoyama M. 2004. 

Dysfunction of endothelial nitric oxide 

synthase and atherosclerosis. Arterioscler 

Thromb Vasc Biol,  24:998-1005.  

Khan BV, Parthasarathy SS, Alexander 

RW, Medford RM. 1995. Modified low 

density lipoprotein and its constituents 

augment cytokine-activatedvascular cell 

adhesion molecule-1 gene expression in 

human vascular endothelial cells. J Clin 

Invest, 95:1262-1270. 

Leong XF, Ng CY, Jaarin K. 2015. Animal 

models in cardiovascular research: 

hypertension and atherosclerosis. Biomed 

Res Int, doi: 10.1155/2015/528757.  

Li H, Horke S, Förstermann U. 2014. 

Vascular oxidative stress, nitric oxide 

and atherosclerosis. Atherosclerosis, 
237:208-219.  

Mojab F, Kamalinejad M, Ghaderi N, 

Vahidpour HR. 2003. Phytochmical 

screening of some species of Iranian 

plants. Iran J Pharm Res, 2:77-82. 

Namazi N, Tarighat A, Bahrami A. 2012. The 

effect of hydro alcoholic nettle (Urtica 

dioica) extract on oxidative stress in 

patients with type 2 diabetes: a 

randomized double-blind clinical trial. Pak 

J Biol Sci, 15:98-102. 

Nassiri-Asl M, Zamansoltani F, Abbasi 

E, Daneshi MM, Zangivand AA. 2009. 

Effects of Urtica dioica extract 

on lipid profile in hypercholesterolemic 

rats. Zhong Xi Yi Jie He Xue Bao, 7:428-

433.  

Pang J, Xu Q, Xu X, Yin H, Xu R, Guo S, Hao 

W, Wang L, Chen C, Cao JM. 2010. 

Hexarelin suppresses high lipid diet and vi

tamin D3-induced atherosclerosis in 

the rat. Peptides, 31:630-638.  

Rosenson RS. 2004. Statins in atherosclerosis: 

lipid-lowering agents with antioxidant 

capabilities. Atherosclerosis, 173:1-12. 

Tarighatesfanjani A, Namazi N, Bahrami A. 

2012. Effect of hydro alcoholic nettle 

extract on lipid profiles and blood pressure 

in type 2 diabetes patients. Iran J Endocrin 

Met, 13: 449-458. 

Weber C, Noels H. 2011. 

Atherosclerosis: current pathogenesis and t

herapeutic options. Nat Med, 17:1410-

1422.  

Zare S, Nabiuni M,  Tayanloo A, Hoseini 

S, Karimzadeh-Bardei L. 2015. The effects 

of Urtica dioica extract on lipid profile, 

insulin resistance index and liver histology 

in polycystic ovary syndrome-induced 

Wistar rats. Adv herb med 1:23-33. 

 

 

 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Kawashima%20S%5BAuthor%5D&cauthor=true&cauthor_uid=15001455
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yokoyama%20M%5BAuthor%5D&cauthor=true&cauthor_uid=15001455
https://www.ncbi.nlm.nih.gov/pubmed/15001455
https://www.ncbi.nlm.nih.gov/pubmed/15001455
https://www.ncbi.nlm.nih.gov/pubmed/?term=Khan%20BV%5BAuthor%5D&cauthor=true&cauthor_uid=7533787
https://www.ncbi.nlm.nih.gov/pubmed/?term=Parthasarathy%20SS%5BAuthor%5D&cauthor=true&cauthor_uid=7533787
https://www.ncbi.nlm.nih.gov/pubmed/?term=Alexander%20RW%5BAuthor%5D&cauthor=true&cauthor_uid=7533787
https://www.ncbi.nlm.nih.gov/pubmed/?term=Alexander%20RW%5BAuthor%5D&cauthor=true&cauthor_uid=7533787
https://www.ncbi.nlm.nih.gov/pubmed/?term=Medford%20RM%5BAuthor%5D&cauthor=true&cauthor_uid=7533787
https://www.ncbi.nlm.nih.gov/pubmed/7533787
https://www.ncbi.nlm.nih.gov/pubmed/7533787
https://www.ncbi.nlm.nih.gov/pubmed/?term=Leong%20XF%5BAuthor%5D&cauthor=true&cauthor_uid=26064920
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ng%20CY%5BAuthor%5D&cauthor=true&cauthor_uid=26064920
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jaarin%20K%5BAuthor%5D&cauthor=true&cauthor_uid=26064920
https://www.ncbi.nlm.nih.gov/pubmed/26064920
https://www.ncbi.nlm.nih.gov/pubmed/26064920
https://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20H%5BAuthor%5D&cauthor=true&cauthor_uid=25244505
https://www.ncbi.nlm.nih.gov/pubmed/?term=Horke%20S%5BAuthor%5D&cauthor=true&cauthor_uid=25244505
https://www.ncbi.nlm.nih.gov/pubmed/?term=F%C3%B6rstermann%20U%5BAuthor%5D&cauthor=true&cauthor_uid=25244505
https://www.ncbi.nlm.nih.gov/pubmed/25244505
https://www.ncbi.nlm.nih.gov/pubmed/?term=Namazi%20N%5BAuthor%5D&cauthor=true&cauthor_uid=22545363
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tarighat%20A%5BAuthor%5D&cauthor=true&cauthor_uid=22545363
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bahrami%20A%5BAuthor%5D&cauthor=true&cauthor_uid=22545363
https://www.ncbi.nlm.nih.gov/pubmed/22545363
https://www.ncbi.nlm.nih.gov/pubmed/22545363
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nassiri-Asl%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19435556
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zamansoltani%20F%5BAuthor%5D&cauthor=true&cauthor_uid=19435556
https://www.ncbi.nlm.nih.gov/pubmed/?term=Abbasi%20E%5BAuthor%5D&cauthor=true&cauthor_uid=19435556
https://www.ncbi.nlm.nih.gov/pubmed/?term=Abbasi%20E%5BAuthor%5D&cauthor=true&cauthor_uid=19435556
https://www.ncbi.nlm.nih.gov/pubmed/?term=Daneshi%20MM%5BAuthor%5D&cauthor=true&cauthor_uid=19435556
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zangivand%20AA%5BAuthor%5D&cauthor=true&cauthor_uid=19435556
https://www.ncbi.nlm.nih.gov/pubmed/19435556
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pang%20J%5BAuthor%5D&cauthor=true&cauthor_uid=19931584
https://www.ncbi.nlm.nih.gov/pubmed/?term=Xu%20Q%5BAuthor%5D&cauthor=true&cauthor_uid=19931584
https://www.ncbi.nlm.nih.gov/pubmed/?term=Xu%20X%5BAuthor%5D&cauthor=true&cauthor_uid=19931584
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yin%20H%5BAuthor%5D&cauthor=true&cauthor_uid=19931584
https://www.ncbi.nlm.nih.gov/pubmed/?term=Xu%20R%5BAuthor%5D&cauthor=true&cauthor_uid=19931584
https://www.ncbi.nlm.nih.gov/pubmed/?term=Guo%20S%5BAuthor%5D&cauthor=true&cauthor_uid=19931584
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hao%20W%5BAuthor%5D&cauthor=true&cauthor_uid=19931584
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hao%20W%5BAuthor%5D&cauthor=true&cauthor_uid=19931584
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20L%5BAuthor%5D&cauthor=true&cauthor_uid=19931584
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20C%5BAuthor%5D&cauthor=true&cauthor_uid=19931584
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cao%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=19931584
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hexarelin+suppresses+high+lipid+diet+and+vitamin+D3-induced+atherosclerosis+in+the+rat
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rosenson%20RS%5BAuthor%5D&cauthor=true&cauthor_uid=15177118
http://herbmed.skums.ac.ir/?_action=article&au=53401&_au=Samad++Zare
http://herbmed.skums.ac.ir/?_action=article&au=53401&_au=Samad++Zare
http://herbmed.skums.ac.ir/?_action=article&au=53401&_au=Samad++Zare
http://herbmed.skums.ac.ir/?_action=article&au=53401&_au=Samad++Zare
http://herbmed.skums.ac.ir/?_action=article&au=53401&_au=Samad++Zare
http://herbmed.skums.ac.ir/?_action=article&au=53401&_au=Samad++Zare
http://herbmed.skums.ac.ir/?_action=article&au=53401&_au=Samad++Zare
http://herbmed.skums.ac.ir/?_action=article&au=53401&_au=Samad++Zare
http://herbmed.skums.ac.ir/?_action=article&au=53401&_au=Samad++Zare
http://herbmed.skums.ac.ir/?_action=article&au=53401&_au=Samad++Zare
http://herbmed.skums.ac.ir/?_action=article&au=53401&_au=Samad++Zare
http://herbmed.skums.ac.ir/?_action=article&au=53401&_au=Samad++Zare
https://www.ncbi.nlm.nih.gov/pubmed/22064431
http://herbmed.skums.ac.ir/?_action=article&au=53401&_au=Samad++Zare
http://herbmed.skums.ac.ir/?_action=article&au=53401&_au=Samad++Zare
http://herbmed.skums.ac.ir/?_action=article&au=52501&_au=Mohammad++Nabiuni
http://herbmed.skums.ac.ir/?_action=article&au=53402&_au=Akram++Tayanloo
http://herbmed.skums.ac.ir/article_12696.html#au3
http://herbmed.skums.ac.ir/?_action=article&au=53403&_au=Serwa++Hoseini
http://herbmed.skums.ac.ir/?_action=article&au=53404&_au=Latifeh++Karimzadeh-Bardei

