
 

 

Introduction 
 
Familial hypercholesterolemia is a genetic disor-
der of lipoprotein metabolism characterized by 
very high plasma concentrations of low-density 
lipoprotein cholesterol, deposition of cholesterol 
in extravascular tissues, such as tendon xan-
thomas, and increased risk of premature coro-

nary heart disease [1]. Cardiovascular calcifica-
tion and abnormal valve function are common 
consequences of hypercholesterolemia [2]. Hy-
percholesterolemia led to atherosclerosis which 
is described by an excessive inflammatory, fibro
-fatty, proliferative response to damage of the 
artery wall involving several cell types, particu-
larly smooth muscle cells , monocyte-derived 
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Abstract:  Sixty fertile female and male albino rats of Wistar strain (I male/ 3 females) were used in the present study. 
The females were divided into four groups of ten rats each. Group 1 received water and standard feeds for thirty-four 
days. Group 2 was fed with a cholesterol-containing diet (1%) for two weeks prior to onset of gestation and main-
tained administration till parturition. produce atherosclerosis (34 days). Group 3 received intragastric administration 
of 100mg homogenate of garlic (Allium sativum)/kg body weight for three weeks prior to onset of gestation as well as 
throughout the gestation period. Group 4 intragastrically administered garlic for one week of group B and maintained 
with combined garlic-treatment for the mentioned period. At parturition, the pregnant were sacrificed and serum total 
cholesterol (TCL), triglycerides (TG), HDL, LDL and creatine kinase activity (CK) were determined. The total numbers of 
offspring were recorded and examined morphological for congenital abnormalities. Biopsies of heart and dorsal aorta 
of both pregnant and their offspring (1 day-age) were processed for investigation at light and transmission electron 
microscopy. The skeleton of the newborn of different experimental groups were stained with alizarin red s and mor-
phometric assessment of mandibular and appendicular bone length. The study revealed that the myocardium of 
atherosclerotic mother exhibited leuhkocytic inflammatory cell infiltration associated with necrosis, eosinophilia of 
myocardial fibers, and edema of blood vessels. Ultrastructural studies revealed swelling of mitochondria, disruption 
of cristae in the myocardial muscle fibers. The dorsal aorta possessed accumulation of extra-cellular lipid in intima 
lining of endothelium. The collagenous fibrils in the tunica adventitia became fragile and loosely separated from each 
other. Numerous foamy lipid loaden cells were detected within the tunica intima causing deterioration of the elastic 
fibers, resulting in fibrinoid necrosis. Oral supplementation with Allium sativum (100 mg / kg) ameliorated these ef-
fects in myocardium muscle of mothers and offspring; however the dorsal aorta of mothers showed partial ameliora-
tion.  Hypercholesterolemic mothers exhibited marked alterations in serum TCL, TG, LDL and CK activity. Supplemen-
tation with Allium sativum ameliorated the drastic biochemical alterations. Concerning pregnancy, hypercholes-
terolemia increased the incidence of abortion and abnormalities of the newborn including decreased body weight, 
reduced ossification of axial (mandible) and appendicular bones.  All these effects were markedly ameliorated by 
supplementation with Allium sativum. The author finally concluded that hypercholesterolemia exhibits pathological 
alterations of myocardial muscles reducing its optimal capacity for pumping blood to different body organs along with 
atherosclerosis of dorsal aorta which intern affect the progress of gestation and development of both morphological 
and skeletal abnormalities. Allium sativum-supplementation leads to amelioration of both mother and their offspring 
investigated parameters as a result of its antioxidant activity. 
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macrophages, T-lymphocytes and platelets [3]. 
 
Garlic (Allium sativum) belongs to the plant fam-
ily Liliaceae, which is a genus of 500 species. 
Garlic (Allium sativum) has been grown around 
the world, from Mediterranean climates to Sibe-
ria. Ancient Egyptians used it as a form of cur-
rency; its medical and magical powers were de-
scribed on the walls of ancient temples and on 
papyrus dating to 1500 BC. Garlic contains at 
least 33 sulfur compounds (Sulfur compounds: 
aliin, allicin, ajoene, allylpropyl disulfide, diallyl 
trisulfide, sallylcysteine, Vinyldithiines, S- allyl-
mercaptocystein, and others), several enzymes 
(allinase, peroxidases, myrosinase, and others), 
17 amino acids (arginine and others), and trace 
minerals such as selenium, germanium, tellu-
rium and other trace minerals [4,5].  
 
Extracts of garlic was found to decrease serum 
cholesterol levels in humans, inhibit cholesterol 
biosynthesis, suppress LDL oxidation, lower 
plasma fibrinogen and increase fibrinolytic activ-
ity [6, 7, 8], and thus to possess antiatheroscle-
rotic properties [9, 10]. 
 
Human studies on garlic's ability to prevent and 
possibly reverse atherosclerosis was tested in a 
randomized, double-blind, placebo-controlled, 
four-year study in which 152 men and women 
were given 900 mg garlic powder per day [11]. 
The authors selected subjects with significant 
plaque buildup and at least one additional car-
diovascular risk factor (high LDL cholesterol 
levels). After four years-treatment, the athero-
sclerotic subjects receiving garlic-treatment (A. 
sativum) exhibited an average 2.6% reduction in 
plaque volume. Experimental studies on A. sati-
vum were found to show a decrease in serum 
lipid levels in experimental atherosclerotic al-
bino rats [12] and hyperlipidemic guinea pigs 
[13]. 
 
There have been discrepancies in the results of 
garlic and its extracts on experimentally induced 
hypercholesterolemia in animal models which 
may be due to differences in the concentrations 
of sulfur-containing compounds. These studies 
have shown that garlic is effective in reversing 
this condition and improving atherogenic effects 
on vascular endothelium.  However, the effects 
of garlic have not been unequivocal in human 
trials, with some studies showing improvement 
in hyperlipidimia and others showing no effect.  
Additionally, it would be of the utmost value if 
other experimental factors such as the recruit-

ment of subjects, dietary and lifestyle of sub-
jects, length of study, and methods of analysis 
among several studies be comparable [14, 15] 
 
Thus, the present study investigates the effects 
of elevated cholesterol level during pregnancy in 
a rat model, on mothers and their offspring in 
order to observe the developmental origin of 
disease in childhood, and trials to ameliorate 
these effects by supplementation with Allium 
sativum. 
  
Material and methods 
 
Induction of hypercholesterolemia 
 
Forty fertile male and virgin female albino rats 
of Wistar strain weighing approximately 150-
180 g body weight were obtained from Hellwan 
Breeding Farm, Ministry of Health, and Egypt. 
They were kept under good ventilation with 12 
hour light and dark cycle. Females were made 
pregnant by keeping them with healthy fertile 
male rats overnight (at a ratio of 1male /3fe-
males).  On the next morning, vaginal smear 
were examined and the day of finding sperm 
was considered day 0 of pregnancy.   
 
Rats in the control group were fed ad libitum on 
standard diet throughout the experimental pe-
riod. However, experimental hypercholes-
terolemic animals were fed a cholesterol-
enriched high-fat diet (15% cocoa butter, 2% 
cholesterol, 15 % sucrose, 15% corn starch and 
4.7% cellulose. The time required to induce hy-
percholesterolemia was determined by monitor-
ing their serum cholesterol level. The experi-
mental animals were supplemented cholesterol 
enriched diet for 2 weeks before onset of gesta-
tion as well as till parturition (34 days). 
 
Allium sativum treatment 
 
Five gram freshly prepared Allium sativum was 
thoroughly homogenized with 50cc saline solu-
tion by a glass mortar and kept in refrigerator 
freshly prepared every week during experimen-
tation. The crude homogenate was intragastri-
cally administered to experimental hypercholes-
terolemic pregnant rats at doses of 100 mg/kg 
body wt starting from a week perior to onset of 
feeding on hypercholesterolemic diet (41 days).  
 
Experimental work 
 
The pregnant rats were arranged into four 
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groups, (n = 10 per group): normal control 
group, Allium sativum supplemented group, 
experimental hypercholesterolemic pregnant, 
and Allium sativum supplemented- hypercholes-
terolemic pregnant. Pregnant of both control 
and experimental groups were sacrificed at 15 
days prenatal for resorption of fetuses as well 
as at parturition, in accordance with Egyptian 
Bioethics Committee regulations. The offspring 
of the experimental groups were weighed and 
examined morphologically for abnormalities. 
These were followed by immediately fixation in 
10% phosphate buffered formalin Ph7.4 and 
processed for staining with Alizarin red S for 
ossified skeletal bones and examined in differ-
ent groups.  Besides, offspring and mothers 
were subjected to the followings investigation: 
 
Biochemical assessments 
 
At parturition, five pregnant mothers were sacri-
ficed and blood was collected in non-
heparinized tube and centrifuged at 2000 RPM 
and serum was collected. Serum levels of TCL 
[16], TG [17] and HDL [18] were determined. In 
case of LDL, it was calculated from the total 
cholesterol concentration (TC) and the HDL-
cholesterol concentration and TG according to 
the equation described by Friedwald et al [19]. 
Serum LDLc (mg.dL = Tc-HDLc-TG/5, where 5 is 
a calculation factor. 
        
Histological investigation of maternal tissues 
 
Both control and experimental treated groups 
were sacrificed at parturition and dorsal aorta 
and heart were incised and fixed immediately in 
10% formal saline for 24 hours, dehydrated in 
ascending grades of ethyl alcohol, cleared in 
xylene and mounted in molten paraplast 58-
62ºC.  Five µm histological sections were cut, 
stained with Harris hematoxylin & eosin and 
investigated under bright field Leitz microscope. 
 
Transmission electron microscopic investiga-
tions (TEM) 
 
At parturition, the maternal heart ventricles & 
dorsal aorta of both control and experimentally- 
treated  groups were separated immediately 
fixed  immediately in 2.5% glutaraldhyde and 
2% paraformaldhyde in 0.1 M cacodylate buffer 
(pH 7.4),  post fixed in 1% osmium tetra oxide at 
4ºC for 1.5 hour.  This was followed by dehydra-
tion in ascending grades of ethyl alcohol and 

embedded in epoxy-resin. Ultrathin sections 
were cut with a diamond knife on a LKB micro-
tome and mounted on grids, stained with uranyl 
acetate and Lead citrate and examined at Joel 
Transmission electron microscope. 
 
Statistical analysis 
 
All the grouped data were statically evaluated 
with statistical package for social sciences 
(SPSS) software. Statistical analysis was carried 
out by using MANOVA as well as between the 
same groups, followed by calculation of F val-
ues.  P values of less than 0.05 were consid-
ered to indicate statistically significance. All the 
results were expressed as the mean ±standard 
error.  
 
Results 
 
Maternal biomarkers of hypercholesterolemia 
 
Table 1 illustrates the effects of experimental 
hypercholesterolemia on serum TCL, TG, HDL, 
LDL and CK activity. Hypercholesterolemic 
mothers exhibited significant increase of serum 
TCL, TG, LDL and CK activity. Treatment with 
Allium sativum ameliorated the drastic effects 
but still not matched with the control value.   
 
Histological observations of maternal tissues 
 
Heart: At light microscopy, the control myocar-
dium ventricle exhibits regularly attached mus-
cle fibers with one or two nuclei, centrally lo-
cated within the cell. Intercellular spaces are 
enclosed by delicate collagenous tissue contain-
ing blood capillaries. Between the ends of adja-
cent cardiac muscle cells, and the intercalated 
discs, specialized intercellular junctions are 
detected (Figure 1A). Allium sativum possessed 
normal histological architecture similar to con-
trol (Figure 1A1).   
 
In contrast, the ventricle of experimental hyper-
cholesterolemic rats showed histopathological 
changes manifested by irregular arrangement of 
muscle fibers with numerous necrotic zone infil-
trated by inflammatory cells. The necrotic fibers 
become eosinophilic and their nuclei appeared 
to be dispersed in a zone of inflammatory cells. 
The blood vessel appeared swollen and edema-
tous.  Fat deposits were detected in between 
the muscle muscle fibers (Figure 1A2). Experi-
mental hypercholesterolemic group supple-
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 Table 1. TCL, TG, HDL, LDL and CK of experimental hypercholesterolemic rat alone or in combination with 
Allium-sativum-treatment comparing with either control or Allium sativum group  

Data were expressed as Mean ± SE (n=10). Abbreviations; G1, normal control; G2, Allium sativum-treatment; G3, 
Experimental hypercholesterolemia; G4, Experimental hypercholesterolemia ± Allium sativum; TCL, total cholesterol; 
TG, total glycerides ; HDL; high density lipoprotein; LDL, low density lipoprotein; CK, creatine phosphokinase. By apply-
ing one way ANOVA and determined F test. The data significant at p<0.05.  

CK LDL HDL TG TCL Groups 

255.40.23 30.330.90 32.031.02 52.61.3 65.40.09 G1 

Mean± 
SE   

251.341.3 28.21.06 30.10.27 40.21.7 60.40.92 G2 

365.61.8 581.4 28.31.06 34.91.2 128.81.6 G3 

334.81.1 40.61.07 27.60.4 35.41.2 86.50.97 G4 

S S S S S   

Figure 1. A-C3: Histological sections in both maternal heart (A-A2) and dorsal aorta(B-B2) as well as heart of offspring  
(1 day-old). (C-C2). A. Heart of control  mother. A1. Heart of Allium sativum supplementation. A2. Hypercholes-
terolemic-heart. A3. Hypercholesterolemic and Allium sativum supplementation. B. Maternal control dorsal aorta. B1. 
Dorsal aorta of mother supplemented Allium sativum. B2.  Maternal  hypercholesterolemic dorsal aorta. B3.Aorta of 
hypercholesterolemic mother  supplemented Allium sativum. C. Heart of control offspring. C1. Heart of offspring ma-
ternally supplemented Allium sativum. C2. Heart of offspring of  hypercholesterolemic mother. C3. Heart of  hypercho-
lesterolemic mother  supplemented Allium sativum. Hx-E X 250. Abbreviations; EMF, eosinophilic muscle fiber; DMF, 
degenerated muscle fiber. 



Protection against hypercholesterolemia by Allium sativum  

 
 
156                                                                                                         Int J Clin Exp Med 2010; 3(1):152-163 

mented Allium sativum showed amelioration of 
myocardial muscle fibers (Figure 1A3), and the 
histological appearance was almost similar to 
controls.  
 
Ultrastructural observation 
 
The control myocardial muscle possesses regu-
larly arranged tightly backed bundles of muscle 
fibers with typical intercalated discs between 
them. The myofibrils are longitudinally divided 
into sarcomeres having regularly oriented me, Z, 
H and A bands which is composed of slender 
oriented filaments. Abundant distribution of 
mitochondria are detected in-between the myo-
fibrils. Nuclei are frequently observed toward 
the middle of myocardial cells, but they are oc-
casionally located near the sarcolemma (Figure 
2A).  Allium sativum supplemented group re-
vealed similar normal observations.                                   
 
In experimental hypercholesterolemic group, the 
myocardial muscle fibers exhibited disrupted 
muscle bands with almost missing in damaged 
muscle fibers. The myoblast nuclei possessed 
folded nuclear envelope and electron-dense 
chromatin material. The mitochondrial arrange-
ment appeared distorted with considerable 
swelling and ill differentiated cisternae (Figure 
2A1&A2). The mentioned hypercholesterolemic 
defects were ameliorated after supplementation 
of Allium sativum (Figure 2A3).   

Dorsal aorta: The arterial wall of the control rats 
is consisted of three well-defined concentric 

layers that surround the arterial lumen, internal 
intima, middle media and the outer adventitia. 
The tunica intima consisted of a single layer of 
flattened endothelial cells supporting by a layer 
of collagenous tissue rich in elastin disposed in 
the form of both fibers and discontinuous 
sheets. The subendothelial supporting tissue 
contained scattered fibroblasts and other cells. 
The tunica media consisted principally of 
smooth muscle cells arranged in layers of 
circumferential orientation. The extra-cellular 

matrix consisted largely of elastic fibers and 
collagen. Tunica adventitia, the outermost layer 
of the artery, consisted of loose matrix of 
elastin; smooth muscle cells, fibroblasts, and 
collagen (Figure 1 B).Similar observation were 
detected post Allium sativum-supplementation 
(Figure 1B1). 
 
In hypercholesterolemic mothers, endothelial 

cells lining the tunica intima and the elastic fi-
bers were sloughing and degenerated. Extra-
cellular lipid (remnants of dead foam cells in-
cluding small droplets) was detected in the 
deep intima layer. The tunica media smooth 
muscle cells become vacuolated and widely 
separated from each other as a result of in-
creased accumulation of lipid loading cells. The 
collagenous fibrils in the tunica adventitia be-
came fragile and loosely separated from each 
other (Figure 1B2). 
 
On the other hand, experimental hypercholes-
terolemic group supplemented with Allium sati-
vum showed partial amelioration of tunica in-
tima which was still appeared fragile and en-
closed by numerous lipid-loaden cells. However, 
the endothelial lining cells and elastic fibers of 
the tunica intima showed moderate regenera-
tion. The tunica media appeared fragile and 
their content widely separated from each other. 
The myoblasts of the tunica adventitia exhibited 
moderate regenerated activity (Figure 1B3).  
 
TEM 
 
In the control, the endothelial cells lining the 
tunica appeared polygonal, with characteristic 
luminal protrusion. The cytoplasm is poor in 
Golgi complex and mitochondria. However, 
there is abundant distribution of cytoplasmic 
filaments, often arranged in bundles. A thin 
basal lamina separated the endothelial cells 
from the underlying tunica media which is com-
posed of branched fibroblast – like cells and a 
network of fine collagenous and elastic microf-
brils. The tunic media are markedly thickened. 
The tunica adventitia is considerably thick and 
consists of bundles of collagenous and elastic 
fibers.  Longitudinally arranged smooth muscle 
cells are detected (Figure 2B).  
 
In experimental hypercholesterolemic group, the 
endothelial cells appeared sloughing and de-
generated. Numerous foamy lipid loaden cells 
were detected within the tunica intima causing 
deterioration of the elastic fibers. Fibrinoid ne-
crosis developed in tunica intima with destruc-
tion of the internal elastica. The necrotic 
patches of tunica intima became surrounded by 
giant macrophages with signs of apoptic cell 
death.  The tunica media possessed excessive 
accumulation of fatty vacuoles lying adjacent 
with each other forming a lipid core. The tunica 
media exhibited hyalinization and degenerated 
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Figure 2. A-B3: Electron micrographs of maternal myocardial muscle (A-A2) and dorsal aorta(B-B2). A. Control myocar-
dial muscle with close similarities to Allium sativum supplementation. 1&A2. Hypercholesterolaemic-myocardium. A3. 
Hypercholesterolaemic and Allium sativum supplemented myocardium. B. Maternal  control dorsal aorta . B1&B2. 
Maternal  hypercholesterolemic mother. B3. Maternal hypercholesterolemic mother  supplemented Allium sativum. 
Lead citrate & uranyle acetate. X10000. 
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spots (Figures 2B1 and B2). In experimental 
hypercholesterolemic group supplemented Al-
lium sativum, the dorsal aorta layer showed 
moderate amelioration compared to hypercho-
lesterolemic group. The tunica intima partially 
restored its normal integrity except for the pres-
ence of small numbers of phagocytes in the 
affected area. The tunica media showed less 
activity of fibroblasts. Both of the tunica intima 
and media were still exhibited the presence of 
lipid-loaden cells (Figure 2B3). 
 
Effects on pregnant mothers and their offspring 
 
Experimental hypercholesterolemia raised the 
increased incidence of aborted mothers (4/ten 
mothers) and decreased the total number of 
offspring. The offspring of hypercholesterolemic 
exhibited marked depletion of body weight com-
paring to the controls. However, this effect was 
partially reversed after supplementation Allium 
sativum. Experimental hypercholesterolemia 
was found to increase rate of aborted mother as 
well as increased incidence of aborted fetuses. 
Morphologically, the pups revealed verities of 
congenital abnormalities including uni-and bilat-
eral deformities of both fore-and hind limbs, 
kinky tail, malformed ear pinna, edematous skin 
and superficial haematomas. Allium sativum 
supplementation during pregnancy ameliorated 
these effects and the offspring lacked the ap-
parent malformation (Table 2 & Figure 3, A-C). 
 
Effects on ossification centers of skeleton of 
offspring 
 
Offspring of hypercholesterolemic group showed 
retardation of ossification centers in axial and 
appendicular regions. The ossification centers 
of axial region included hyoid arch, incus, 
malleus, stapes and tympanic ring appeared 
missing. The appendicular bones clavicle, ster-
num and ischium appeared still lacking ossifica-
tion. On the other hand, supplemented hyper-
cholesterolemic mother with Allium sativum 
restored the progress of bone formation but 
was still not matched with the control. The ossi-
fied bones of mandibular, humerus, radio-ulna, 
femur, tibio-fibula, scapula and ilium were mark-
edly decreased in offspring of hypercholes-
terolemic mothers. Supplementing hypercholes-
terolemic mothers with Allium sativum partially 
improved ossification (Table 3, Figure 3, D-F).  
 
Histological observations on offspring 
 
Heart: In offspring of control mothers, the ventri-

cle myocardial muscle is composed of regularly 
arranged myocardial muscle fibers with cen-
trally located nuclei (Figure 1C). Allium sativum 
supplementation did not alter the normal pat-
tern structure of offspring myocardium.  In off-
spring of experimental hypercholesterolemia 
group, the myocardial muscle showed massive 
degeneration of fibers which assumed a reticu-
lar structural pattern with widely spread vacuo-

Figure 3. Gross morphology of control (A) and mater-
nally hypercholesterolemic offspring. C. Patter of 
resorped fetuses of hypercholesterolemic mothers. 
D. Control alizarin-stained offspring showing normal 
ossified bone. E. Maternally hypercholesterolemic 
offspring showing reduced ossified bones. F. Skele-
ton of offspring of hypercholesterolemic mother sup-
plemented Allium sativum Showing normal skeletal 
structure. 
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lated spaces. Many of the cardiomyocytes 
showed apoptic cell death (Figure 1C1). Supple-
mented hypercholesterolemic mothers with Al-
lium sativum ameliorated the histological pic-
ture of myocardial muscle fiber of their offspring 
to almost normal structural pattern (Figure 
1C2). 
 
Discussion 
 
Hypercholesterolemia is an autosomal domi-
nant disorder that causes severe elevations in 
total cholesterol which enhanced the develop-
mental programming of atherosclerosis [1, 20]. 
Maternal hypercholesterolemia represent one of 
the major health problem influencing in compli-
cation of pregnancy as well as the presence of 

severe developmental defects in offspring. 
 
Experimental hypercholesterolemia was found 
to induce damage of cardiovascular organs 
started earlier in the myocardium and clarified 
by disrupting of its structural pattern including 
degeneration of muscle fibers, cell death of car-
diomyocytes and leukocytic infiltration.  
 
The present findings supported the work of 
Rózycka et al [21], Caligiuri et al [22] and Zhang  
et al [23] following feeding mice and rabbit on a 
hypercholesterolemic diet. 
 
Ultrastructural findings revealed abnormal los-
ing and degeneration of the structural pattern of 
sarcomeres associated with disorganized mito-

Table 2. Effect of experimental hypercholesterolemia alone or in combination with Allium sativum on 
mothers and their newborn and incidence of abnormalities  

G1, Control ; G2, Allium sativum-treated group ; G3, Hypercholesterolemic-treated group; G4,  Hypercholes-
terolemia+Allium sativum. 

  G1 G2 G3 G4 

Total number of mothers 10 10 16 10 

Total number of aborted mothers - - 4 (25%) - 

Total number of completed pregnancy - 10 10 (75%) 10 

Total number of newborn 87 70 47 64 

Mean number / dam 8.7 7 4.5 6 

Mean body weight/dam 5.600.12 0.045.43 4.50.08 0.075.02 

Malformed fore limb - - - - 

Unilateral - - 3 (6.4%) - 

Bilateral - - 4(8.5%) - 

Unilateral malformed hind limb - - 3 (6.4%) - 

Kinky tail - - 8(17%) - 

Malformed ear pinna -   2 (4.3%) - 

General edema - - 4 (8.5%) - 

Under wt. new born < 4 gm - - - - 

Tympanic ring including incus, malleus and 
stapes - - 5 (10.6%) 2 (3.1%) 

Clavicle - - 3 (6.4%) - 

Sternum - - 3 (6.4%) - 

Ischium - - 4 (8.5%) - 
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chondrial structure.  
 
Oliveira et al [24] reported that mitochondria 
were the main intracellular sites of reactive oxy-
gen species generation causing oxidative dam-
age. Mitochondrial damage could affect cardio-
vascular cell function through the formation of 
reactive oxygen and nitrogen species, which are 
capable of oxidizing LDL (a key step in athero-
genesis) and disrupting cellular energy produc-
tion which led to cell death [24, 25], Wang et al 
[26] attribute Cardiomyocyte degeneration in 
hypercholesterolemic rabbits to the alterations 
of apoptosis markers including Bcl-2, Bax and 
caspase-3. 
 
Besides, the dorsal aorta of hypercholes-
terolemic mother developed different grades of 
lesions manifested by massive deterioration of 
the endothelial lining cells associated with accu-
mulation of lipid loaden cells. The inflammatory 
cells were diffusely distributed in the inner lining 
layer.  
 
Similar findings were reported following in vitro 
[27] and in vivo studies in rabbits [28, 29] and 
mice [23] fed on hypercholesterolemic diet. The 
association between hypercholesterolemia and 
impairment of cardiovascular functions may be 
attributed to the increased levels of superoxide 
in the aortas [30]. 

The observed maternal histopathological dis-
eases of myocardium and dorsal aortic were 
supported by alterations of maternal hypercho-
lesterolemic markers of serum TCL, LDL, TG and 
CK activity.  
 
Excessive lipoprotein in the plasma tends to 
accumulate in the hyperplastic intima altering 
endothelial function and causing atherosclero-
sis [31].  
 
The observed maternal defects were reflected 
in the myocardial histological picture of off-
spring with similar characteristic pathological 
alterations. Alkemade et al [32] demonstrated 
that maternal hypercholesterolemia during preg-
nancy increased athrogenic risk in the offspring 
which were highly susceptible for neointima 
formatting and thickening of cardiac arteries. 
 
Supplementation of Allium sativum one weak 
before and parallel with experimental hypercho-
lesterolemia revealed amelioration of the histo-
logical picture of the myocardium, however, dor-
sal aorta possessed partial amelioration. Al-
though, there was a considerable regeneration 
of the endothelial cells, the lipid loaden-cells 
were still detected in both the tunica intima and 
tunica media. In addition, the observed findings 
of Allium sativum homogenate consumption 
showed an inverse correlation with the progres-

Table 3. Ossified length of mandible , girdles and for-& hind limb bones of offspring of hypercholes-
terolemic mother alone or in combination with Allium sativum supplementation  

Data were expressed as Mean ± SE (n=10). Abbreviations; G1, normal control; G2, Allium sativum-treatment; G3, 
Experimental hypercholesterolemia; G4, Experimental hypercholesterolemia +Allium sativum. By applying one way 
ANOVA  between the experimental groups as well as between each group and determined F test, significance was 
determined at p<0.05.  

  G1 G2 G3 G4 P < 0.05 
Mandibular 8.51±0.06 0.015±8.11 3.13±0.31 0.268±4.93 S 

Girdles Scapula 2.9 ± 1.02 2.73± 0.03 1.2 ± 0.07 1.78± 0.08 S 
Ilium 4.5±0.23 4.28±0.01 1.91±0.23 2.7±0.02 S 

Fore 
limb 

Humerus 5.02±0.63 4.9±0.06 2.3±0.11 0.09±3.68 S 
Radius 5.2±0.33 4.92±0.08 1.43±0.12 0.08±2.95 S 
Ulna 4.9±0.17 4.63±0.07 1.83±0.23 0.03±2.35 S 

Hind 
limb 

Femur 4.42±0.32 4.08±0.09 1.75±0.144 0.142±2.65 S 
Tibia 4.6±0.65 4.42±0.05 1.76±0.48 0.11±2.87 S 
Fibula 4.20±0.25 3.8±0.04 1.6±0.099 0.11±2.3 S 
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sion of the mentioned cardiovascular disease 
markers (TCL, TG, LDL, and HDL & CK).  Similar 
findings were reported by Yeh and Liu [33]. 
 
These protective effects may be attributed to 
inhibition of enzymes involved in lipid synthesis, 
prevent lipid peroxidation and LDL, increase 
antioxidant [34]. Dillon [35] and Dillon et al [36] 
reported that garlic inhibited the in vitro oxida-
tion of isolated human LDL by scavenging su-
peroxide and inhibiting the formation of lipid 
peroxides. 
 
From the present findings, there are a close-
relationship between maternal hypercholes-
terolemia and development of offspring myocar-
dial degeneration as well as increased the inci-
dence of different pattern of congenital abnor-
malities. As a result of the hypercholesterolemic 
stress, depletion of the body weights was de-
tected in their offspring. The observed findings 
agree with the work of Mogren et al [37] who 
revealed a correlation between children athero-
sclerosis and low birth weight.   
 
Overloading of cholesterol administration was 
influenced by a reduction of its synthesis and 
utilization by fetal tissues, impairing growth and 
consequently increased the incidence of devel-
opmental defects including morphological and 
delayed ossification of bones. The estimated 
axial and appendicular bones in offspring of 
hypercholesterolemic mother showed apparent 
reduction.  The offspring growth defects may be 
associated to the damage of myocardium and 
development of atherosclerosis in dorsal aorta 
which reduces the carriage of nutrient and oxy-
gen to tissues as well as the cytotoxicity of hy-
percholesterolemia. Developmental bone de-
fects may be attributed to either disruption of 
vitamin D synthesis via inhibition of cholesterol 
synthesis as a result of decreased level of 7-
dehydrocholesterol reductase [38] or defects in 
the formation of cell membrane domains [39] 
which regulate growth factor receptors.  LDL 
receptor was found to exert its regulatory action 
on cellular cholesterol metabolism in fibroblasts 
through an interaction with a specific cell sur-
face receptor and that this receptor is defective 
in homozygous familial hypercholesterolemia. 
 
Following in vitro and in vivo studies on pla-
centa, Bonet et al [40] and Stefulj et al [41] 
have shown that LDL oxidation is cytotoxic for 
placental cells, leads to cholesterol ester accu-

mulation in both placental macrophages and 
trophoblast and intern induce fetal growth    
defects.   
 
Viccica et al [42] reported that cholesterol is 
synthesized by the liver and secreted as circu-
lating lipoproteins and play a great role in os-
teoblast differentiation. 
 
From the present findings, Allium sativum sup-
plementation prior and throughout hypercholes-
terolemic treatment ameliorated light and ultra-
structural component of myocardial  muscle 
and dorsal aorta and confirmed by approxi-
mately normal matching of LDL, HDL, triglyc-
erides and creatine phosphokinase level. These 
was intern reflected the normal morphological 
criteria, skeltogenesis and apparent almost nor-
mal histological pattern of their myocardium. 
 
Amelioration of atherosclerosis by Allium sati-
vum was also achieved in human [43, 44] and 
experimental animal [45]. The authors attrib-
uted amelioration to the scavenge of free radi-
cals which protect membranes from damage 
and maintains cell integrity via lowering of cho-
lesterol, anti-platelet activities, and thrombox-
ane formation.  
 
Finally, the authors concluded that Allium sati-
vum supplementation to hypercholesterolemic 
pregnant rat ameliorated the drastic effects of 
hypercholesterolemia in myocardium, dorsal 
aorta and growth pattern of offspring. 
 
Please address correspondence to: Hassan I. El-
Sayyad, PhD, Department of Zoology, Faculty of Sci-
ence, Mansoura University, Egypt. E-mail: elsay-
yad@mans.edu.eg  
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