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ABSTRACT 
Alfalfa (Medicago sativa) is a leguminous plant with high contents of phytoestrogen and saponin which are 
both useful in preventing cardiovascular disorders.  This study was designed to evaluate the preventive effect of 
dietary alfalfa on the development and the progression of atherosclerosis in hyperlipidemic rabbits.  Twenty 
male rabbits were obtained and kept under standard conditions.  After 2 weeks of accommodation to the new 
place, the animals were semi-randomly distributed into four groups of five each.  Animals in Group 1 received 
basic diet and the ones in Group 2 received the same diet to which 1% cholesterol was added.  Groups 3 and 4 
received similar diets as Groups 1 and 2 respectively, but supplemented with alfalfa.  Each of the four groups 
was fed with its respected diet for a period of 12 weeks.  Fasting blood samples were collected from all animals 
at the beginning and at the end of the study and blood factors were measured.  At the end of the study samples 
from the right and the left coronary arteries as well as the aorta were collected from all animals for pathological 
evaluations.  Though dietary alfalfa decreased total cholesterol, LDL and triglyceride and this effect was not 
significant, but dietary alfalfa significantly increased HDL.  The formation of fatty streaks in the aorta, the right 
and the left coronary arteries were significantly reduced under the influence of dietary alfalfa.  The indication 
that dietary alfalfa may have preventive effects on the progression of fatty streak formation calls for more 
studies to clarify the mechanisms of the effect. 
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INTRODUCTION 
 
Cardiovascular diseases are still the leading cause of 
mortality in America, Europe and in most of the Asian 
countries.  These disorders are mainly caused by the 
accumulation of the fat in the intima and media of the 
medium to large arteries (Clermont et al., 2005). 
 
Phytoestrogens are non-steroid, herbal origin compounds 
that have some biological activities similar to estrogen 
(Axelson et al., 1984). The role of phytoestrogens in 
human nutrition and their physiological effects were first 
described in 1984.  It was reported that high level of 
dietary phytoestrogen consumption could increase the 
levels of isoflavones in the blood and in the urine more 
than what endogenous estrogen could do.  Therefore, it 
was concluded that isoflavones were biologically active 
and they could be used as sources for induction of 
estrogen like activities (Sirtory et al., 1984). 
 
The protective effects of estrogen on cardiovascular 
system have been demonstrated. There are also some 
evidences that isoflavones could play some roles in the 
protection of the cardiovascular system. Some 
epidemiologic investigations have indicated lower risks of 
coronary artery diseases among the populations with high 

intake of phytoestrogens (Hertog et al., 1995 and 
Aldercreatz et al., 1993). 
 
Alfalfa (Medicago sativa) is high in vitamin content and 
phytoestrogen level and it is used as a food additive in 
USA, Russia, China and North Africa (Barens and 
Sheaffer, 1995; Jayapal et al., 2002; Elakovich and 
Hampton, 1988). About 47 mg of Coumesrol, a 
phytoestrogen can be extracted from 1 kg of Alfalfa 
(Elakovich and Hampton, 1988; Moravcova and Kleinova, 
2001). 
 
One study has suggested that alfalfa seeds can be added to 
the diet to reduce serum cholesterol concentration in 
patients with Type II hyperlipidemia (Molgard et al., 
1987). The current study was designed to evaluate the 
effect of alfalfa in prevention of the formation and 
progression of the atherosclerosis.  
 
MATERIAL AND METHODS 
 
Medicago Sativa collected before sprouting from 
Semirum District, Isfahan Province.  The plant specimen 
was authenticated and deposited at the Herbarium of the 
College of Sciences, Isfahan University.  The aerial part 
of the plant was dried in shade.  Twenty albino male 
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rabbits weighing 2-2.5 kg and 10-12 weeks old were 
purchased from Iran Pasteur Institute and were kept under 
standard conditions of light and temperature. The rabbits 
were fed with Super Fosskon, a standard basic rabbit 
chow composed of 14 g/kg protein, 150 g/kg fiber and 30 
g/kg fat. After a two-week period of accommodation to 
the new place, the rabbits were semi-randomly distributed 
into four groups of five each.  Animals in Group 1 
received basic diet and the ones in Group 2 received the 
same diet to which 1% cholesterol was added.  Groups 3 
and 4 received similar diets as Groups 1 and 2 
respectively, but supplemented with alfalfa.  Each of the 
four groups was fed with its respected diet for a period of 
12 weeks.  High cholesterol diet was prepared by adding 
1% cholesterol from Merck company to the diets.  There 
was no restriction in water intake for all rabbits. Fasting 
blood samples were collected from all animals at the 
beginning and at the end of the study to measure blood 
biochemical factors. 
 
At the end of the treatment period, all animals were 
anesthetized using pentobarbital (60 mg/kg BW, IV).  
Then, from each animal the right and the left coronary 
arteries were excised, rinsed with physiological saline and 
kept in 10% formalin.  Microscopic slides were prepared 
from the tissue specimens by an experienced pathologist 
who was blind to the treatment types. Severity of fatty 

streak formations were scored from zero to four (Fisher et 
al., 1994). 
 
In order to measure total cholesterol, HDL, LDL, 
triglyceride and fasting blood sugar a Hitachi auto-
analyzer and Pars Azmoon kits were used.  The collected 
data were analyzed using SPSS 15.0 for Windows and 
statistical tests including one way ANOVA test. 
 
RESULT 
 
There were not any significant differences in body 
weights of the rabbits either before or after the study.  
Changes in blood biochemical factors are shown in table 
1.  The results indicate that the dietary intake of 1% 
cholesterol did significantly increase both triglyceride and 
LDL in serum. 
 
Data analysis of the blood biochemical factors in animals 
fed with high cholesterol diet supplemented with alfalfa 
indicated that dietary consumption of alfalfa could 
decrease total cholesterol, LDL, triglyceride and glucose. 
More interesting was the fact that due to the dietary 
supplementation of alfalfa, significant increase in HDL 
was observed (table 1). 
 

Table 1: Comparing mean differences of blood factors between groups before and after the treatment period. 
 

Blood Factor 
(mg/dl) 

High Chol / High 
Chol+ alfalfa  (n=5)+ P value Normal /Normal 

+ alfalfa (n=5) P value High Chol/Normal 
(n=5) P Value 

FBS 9.15 ± 3.2 .677 6.60 ± 1.4 .750 31.60 ± 5.5 .136 
HDL -85.15 ± 7.11* .001 4.400 ± 1.7 .843 *74.400 ± 7.8 .002 
LDL 62.95 ± 14.8 .230 -17.800 ± 2.3 .715 *522 ± 22.3 .000 
TG 69.7 ± 5.8 .174 -60.0 ± 8.9 .213 *187.800 ± 15.8 .001 

Chol 17.8 ± 4.3 .762 -3 ± 1.2 .957 650.80 ± 27.4 .000 
 
*p<0.05 is significant; FBS: Fasting Blood Sugar; HDL: High Density Lipoprotein; LDL: Low Density; Lipoprotein; TG: 
Triglyceride; Chol: Cholesterol. 
 
Table 2: Prevalence of fatty streaks in the aorta, the right and the left coronary arteries at the end of study 
 

Group/ diet Normal diet High cholesterol 
diet 

Normal diet   
+ alfalfa 

High cholesterol 
diet + alfalfa 

Mean ± SD .51b ± .42 2.2  ± 1.78a .29b  ± .0.83 .78b±23 
Right coronary Range .74 - .08 1.2 - 3.19 0.1 - 0.58 b .16-.83 

Mean ± SD .00 ± .00b 1.53a  ± 1.2 0.58b ± 0.17 .67b±.58 
Left coronary Range .00 - .00 .48 - 2.19 0 - 0 .00 - .00 

Mean ± SD .00  ± .00b 1.51 ± 1 0  ± 0 b .39b ±  .17 
Aorta Range .00 - .00 1.6 - 1.84 0 - 0 .0.8 - .68 

 
a: significant difference compared with normal control (p<0.05) 
b: significant difference compared with cholesterol normal control (p<0.05) 
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The formation of fatty streaks in aorta and the right and 
the left coronary arteries were significantly reduced in 
animals that received high cholesterol diet supplemented 
with alfalfa as compared with high cholesterol diet 
without alfalfa (table 2 and figs. 1 and 2).  
 
DISCUSSION 
 
Atherosclerosis is caused due to alterations in the intima 
and the media of medium and large arteries as a result of 
fat accumulations (Clermont et al., 2005). Based on 
evidences, researchers have recently paid attention to the 
roles of dietary phytoestrogens in preventing and curing 
cardiovascular disorders.  Under the influence of purified 
phytoestrogen, relaxation was observed in the coronary 
arteries excised from rabbits in a dose dependent mode 
through a calcium-antagonism mechanism (Figtree et al., 
2000).   

Since alfalfa, a leguminous plant contains high levels of 
isoflavones which have estrogenic properties, its dietary 
supplemental intake has been recommended.  Hence, the 
role of aerial part of alfalfa in the formation and 
progression of the fatty streaks in rabbits treated with high 
cholesterol diet was considered in the design of this study.   
As it was hypothesized, dietary intake of alfalfa prevented 
the formation and progression of fatty streaks.  In addition, 
dietary consumption of alfalfa was associated with 
decreases in total cholesterol, LDL, triglyceride, glucose 
and an increase in HDL. 
 
Epidemiological studies have reported decreases in the 
occurrence of cardiovascular diseases in the communities 
where high intakes of dietary isoflavones were common 
(Helena et al., 1966 and Adlercreutz, 1998).  Studies in 
both human and animal models have reported that dietary 
soy protein supplementations containing phytoestrogens 

 
Fig. 1: A: Histology of left coronary of a hypercholesterolemic rabbit. Arrows point to the fatty streak formations.   
B: Histology of left coronary of a hypercholesterolemic rabbit treated with alfalfa added to the diet. 

 

 
 

Fig. 2: A: Histology of right coronary of a hypercholesterolemic rabbit. Arrows point to the fatty streak 
formations.   B: Histology of right coronary of a hypercholesterolemic rabbit treated with alfalfa added to the diet. 
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could improve lipid profile and blood pressure (Sirtory et 
al., 1984; Teede et al., 2001 and Honore et al., 1997).  
The results of some interventional studies have provided 
evidence that isoflavones improve systemic arterial 
compliance but has no effect on flow mediated dilation 
(Squadrito et al., 2002 and Nestel et al., 1999). 
 
Phytoestrogen extracts obtained from soy and alfalfa 
called Coumestrol has anti-oxidation protective capability 
for LDL.  This protective effect of the extracts has been 
attributed to the presence of flavonoids in soy and alfalfa 
extract (Whitten, 2001).  Nogowski et al., (1999) have 
reported that Coumestrol could increase muscles 
triglyceride in ovariectomized rats.  However, reports 
indicate that Coumestrol in a non-significant mode 
decreased glucose level in serum.  It is also reported that 
alfalfa seeds could lower both LDL and apolipoprotein B 
concentrations as much as 18% in the patients with Type 
II hyperlipoproteinemia (Molgard et al., 1987). 
 
In this study, though not significant but decreases in total 
cholesterol, LDL, triglyceride and glucose were observed.  
The increase in HDL observed in the animals fed with 
high cholesterol diet supplemented with alfalfa was 
significant.  These results may be attributed to the low 
amount of Coumestrol per kilogram of alfalfa that was 
reported to be 47 mg (Naftolin and Stanbury, 2002; 
Skibola and Smith, 2000). 
 
An increase either in the amount of alfalfa dietary intake 
or in the length of the interventional period could possibly 
enhance the efficacy of the effects of alfalfa on the 
evaluated biochemical blood factors.  The fact that in this 
study, high cholesterol diet consumption supplemented 
with alfalfa could effectively prevent formation of fatty 
streaks may be related to alfalfa effects either on 
apolipoproteins or on the other new risk factors.  
Apolipoprotein B is a new recognized risk factor and 
possibly more important than other risk factors which is 
well worth to be considered in investigations regarding 
cardiovascular diseases.   
 
The cardioprotective effects of alfalfa may also be related 
to its contents of saponins.  Saponins are only available in 
herbs and are absorbed through digestive system.  It is 
reported that saponins in alfalfa could reduce serum 
cholesterol in rats and in monkeys (Colodny et al., 2001).   
 
In addition, dietary alfalfa may well sustain lots of 
vitamins such as A, B, C and K.  Therefore, besides 
having propounded preventive and therapeutic effects on 
cardiovascular disorders, it may be quite suitable as a 
dietary supplement.  Clinical trials would better elucidate 
the above mentioned effects of alfalfa and its possible 
side effects. 
 
 

ACKNOWLEDGEMENTS 
 
The authors gratefully acknowledge research funding 
from Isfahan Cardiovascular Research Center, Isfahan 
University of Medical Sciences, a WHO Collaborating 
Center (Grant Number 80113). Indebted thanks to 
authorities of Isfahan University for supporting this 
project as part of a thesis in partial fulfillment of the 
requirements for the degree of master of sciences. 
 
REFERENCES 
 
Adlercreutz H (1998). Epidemiology of phytoestrogens. 

Baillieres Clin. Endocrinol. Metab., 12: 605-623. 
Aldercreatz H, Markkanen H and Watanabe S (1993). 

Plasma concentrations of phytoestrogens in Japanese 
men. Lancet, 342: 1209-1210. 

Axelson M, Sjovall J, Gustafsson BE and Stechell KD 
(1984). Soya a dietary source of the nonsteroidal 
oestrogen equal in man and animals. Endocrinol, 102: 
49-56. 

Barens DK and Sheaffer C (1995) Alfalfa. Agri, 2: 205-
216. 

Clermont PJ, Creager M, Lorsordo WL, Lam G, Wassef 
M and Dzau V (2005). Atherosclerosis: recent 
discoveries and novel hypotheses. Circulation, 112: 
3343-3353. 

Colodny LR, Montgomery A and Houston M (2001). 
Alfalfa saponins may help reduce cholesterol levels. 
Journal of the American Nutraceutical Association, 3: 
1-10. 

Elakovich SD and Hampton JM (1988). Analysis of 
Coumestrol, phytoestrogens, in alfalfa tablets sold for 
human consumption. J. Agri. Food Chem., 32: 173-175. 

Figtree GA, Griffiths BH, Ying-Qing LU, Web CM, 
Macleod K and Collins P (2000). Plant-Derived 
estrogens relax coronary arteries in vitro by a calcium 
antagonist mechanism. J. Am. Cardiol., 35: 7. 

Fisher BA, Mortenseb JF, Hansen P and Ibsen H (1994). 
Atherosclerosis in watanabe heritable hyperlipidemic 
rabbits. Evaluation by microscopic and biochemical 
methods and comparison of atherosclerosis variables. 
APMIS., 102: 177-190. 

Helena J, Barry P, Lakmini D and Paul JN (2003). 
Isoflavones reduce arterial stiffness, a placebo 
controlled study in men and postmenopausal women. 
Atheroscer Throm Vasc Biol., 78: 1966-1071. 

Hertog MG, Kromhont D and Aravanis C (1995). 
Flavonoid intake and long- term risk of coronary heart 
disease and cancer in the seven countries study. Arch. 
Intern. Med., 155: 381-386. 

Honore EK, Williams JK, Anthony MS and Clarkson TB 
(1997). Soy isoflavones enhance coronary vascular 
reactivity in atherosclerotic female macaques. Fertil 
Steril., 67: 148-154. 



Effects of alfalfa on lipoproteins and fatty streak formation 

Pak. J. Pharm. Sci., Vol.21, No.4, October 2008, pp.460-464 464

Jayapal V, Albertazzi P and Howarth E (2002). Beneficial 
effects of soy phytostrogen intake in postmenopausal 
women with type 2 diabetes. Diabet., 25: 1702-1714. 

Molgard J, Vonschnck H and Olsson A (1987). Alfalfa 
seeds lower low-density lipoprotein cholesterol and 
apolipoprotein B concentration: patients with type 2 
hyperlipoprpteiemia. Atheroscler., 65: 173-179. 

Moravcova J and Kleinova J (2001). The determination of 
isoflavones and coumestrol by capillary electrophorsis. 
Czech. J. Food Sci., 199: 132-138. 

Naftolin F and Stanbury G (2002). Phytoestrogens: are 
they really estrogen mimics? Fertility. Sterility, 77: 15-
18. 

Nestel PJ, Pomeroy S and Kay S (1999). Isoflavones from 
red clover improve systemic arterial compliance but not 
plasma lipids in menopausal women. J. Clin. 
Endocrinol. Metab., 88: 895-898. 

Nogowski L, Nowak KW and Mack W (1999). Effects of 
phytoestrogen-coumestrol and estrogen on some 
aspects of carbohydrate metabolism in ovariectomized 
femal rats. Arch. Vet. Pol., 32: 79-84. 

Nogowski L (1999). Effects of phytoestrogen-coumestrol 
on lipid and carbohydrate metabolism in young 
ovariectomized rats may be independent of its 
estrogenicity. J. Nutr. Biochm., 10: 664-669. 

Sirtory CR, Gianazza E and Manzoni C (1984). Role of 
isoflavone in cholesterol reducation by soy protein in 
the clinic. Am. J. Clin. Nutr., 65: 166-710. 

Skibola CF and Smith MT (2000). Potential health 
impacts of excessive flavonoid intake. Free Radical. 
Biol. Med., 29: 375-383. 

Squadrito F, Altavilla D, Morabito N, Crisafulli A, Anna 
R, Corrado F (2002).  The effect of the phtoestrogen 
genistein on plasma nitric oxide concentration, 
endothelian-1 levels and endothelium dependent 
vasodilation in postmenopausal women. Aheroscer., 
163: 339-343. 

Teede HI, Dalais F, Kotsopoulos D, Liang YL and 
Mcgrath BP (2001). Soy protein dietary supple-
mentation containing phytoestrogens improves lipid 
profiles and blood pressure: a double blind, placebo 
controlled study in men and postmenopausal women. J. 
Clin. Endocrinol. Metab., 86: 3053-3060. 

Whitten PL (2001). Soy and alfalfa phytoestrogen extracts 
become potent low-density lipoprotein antioxidant in 
the presence of acerola extracts. J. Agri. Chem., 49: 
308-314. 

 


