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Abstract: This investigation has been designed to appraise the antibilharzial efficacy of garlic. Adult male

Swiss albino mice were allocated into two main groups; the first group was non-infected and killed after

6 weeks, while the second one was infected with S. mansoni cercariae and divided into 2 equal halves

to be sacrificed at 6 and at 12 weeks post-infection. The non-infected and infected groups were divided

into three subgroups: I. non-treated, II. treated with 50 mg/kg of garlic extract, and III. treated with 100

mg/kg of garlic extract. Ileal histological and ultrastructural examinations were performed. In non-infected

mice treated with garlic (50 mg/kg), the histological changes in the inspected organs were generally mild.

Concurrently, the high dose of garlic (100 mg/kg) induced an increment in the cellularity of the lamina

propria of intestinal villi of this group. Electron microscopy of the enterocytes showed dilated granular

endoplasmic reticulum, opaque mitochondria, multilamellar bodies and increased number of lysosomes and

detached ribosomes. In infected mice, infection resulted in muscular thickening, crypt hyperplasia, villous

atrophy as well as enterocytic hyperplasia and degenerative alterations, along with goblet cell hypertrophy

and hyperplasia in ileum of schistosomiced animals. Treating infected mice with the low dose of garlic

resulted in the diminution of the histopathological changes of schistosomiasis. Conversely, no major

differences were detected in the histological and ultrastructural observations following the administration

of 100 mg/kg of garlic after infection as compared to the non-treated infected groups.

So, it is concluded that garlic in low doses has a powerful antibilharzial effect.
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INTRODUCTION

Schistosomiasis is still one of the most prevalent
epidemic diseases in Egypt and in other developing
countries despite their great efforts undertaken for
controlling it. Data indicate that schistosomiasis affects
between 200 and 300 million people in 79 countries .[43]

Treatment of schistosomiasis worldwide relies very
heavily on praziquantel (PZQ). The effectiveness of
this drug against schistosomes is well recognized but
evidences are now accumulating that PZQ cannot
prevent re-infection and may sometimes enhance it .[8]

Meanwhile, in endemic areas, repeated chemotherapy
has resulted in the emergence of drug-resistant strains
of schistosomes . The development of such[16,30,35,32]

resistance has drawn the attention of many researchers
to alternative drugs of plant origin which may be
helpful in the treatment of schistosomiasis .[42]

Interest in the potential benefits of garlic has its
origin in antiquity as it is one of the earliest
documented examples of plants used for maintenance 

of health and treatment of several diseases. Garlic has

attracted particular attention of modern medicine

because of its widespread health use around the world,

and the cherished belief that it helps in maintaining

good health warding off illnesses and providing more

vigor. To date, many favorable experimental and

clinical effects of garlic preparations, including garlic

extract, have been reported. These biological responses

have been largely attributed to reduction of risk factors

for cardiovascular diseases and cancer, stimulation of

immune function, enhanced detoxification of foreign

compound, hepatoprotection, antimicrobial effect, and

antioxidant effect . In recent times, the antihelminthic[3]

effect of garlic has been verified by many

investigators . The only available literature[54,4 ,26,1 ,58,56,64]

on the schistosomicidal role of garlic was submitted by

Zakhary  and deals with the biochemical aspects of[64]

the issue. So, this study was carried out to confirm and

assess the antischistosomal potency of garlic from other

points of view.

Corresponding Author: Osama M.S. Mostafa, Zoology Department, Faculty of Science, Ain Shams University, Cairo, Egypt.
E-mail: osamamostafa@hotmail.com

 188



Res. J. Medicine & Med. Sci., 3(2): 188-187,2008

MATERIALS AND METHODS

Host: A total number of 180 Swiss adult male albino

mice (Mus musculus) of CD 1 strain, weighing 18-22

g, were purchased from the Schistosome Biological

Supply Program (SBSP) unit, Theodore Bilharz

Research Institute, Guiza, Egypt. The animals were

given access to water and standard diet ad libitum and

were monitored daily for health status.

Infection of Animals: Mice of infected groups were

exposed to 100±10 S. mansoni cercariae per mouse by

the tail immersion method, modified by Oliver and

Stirewalt .[45]

Garlic Preparation, Dosage and Administration:

Fresh Egyptian garlic was purchased from local

suppliers. Raw aqueous extract was prepared by

homogenizing 100 g of peeled garlic cloves in 100 ml

of distilled water. The garlic paste is squeezed out

through a piece of cloth to obtain the extract. The

doses 50 mg/kg body weight and 100 mg/kg b.wt of

garlic were selected for this work. The tested doses

were made by diluting the stock solution using distilled

water and stored at –20° C until use. Garlic extract

was given orally with an oesophageal tube, every other

day for a month and half.

Experimental Design: The mice were allocated into

two main groups; the first group was non-infected and

killed after 6 weeks, while the second one was infected

with S. mansoni and divided into 2 equal halves to be

sacrificed at 6 and at 12 weeks post-infection. The two

main groups were divided into four subgroups: I. non-

treated, II. treated with 50 mg/kg of garlic extract, and

III. treated with 100 mg/kg of garlic extract. Garlic was

given orally every other day for 6 weeks, either from

the first day of the experiment in mice killed after 6

weeks, or were given garlic from the beginning of the

7th week post-infection in mice killed after 12 weeks.

Histological Procedure: After perfusion, small pieces

from the ileum of all groups were excised and fixed in

aqueous Bouin’s solution for 24 hours. Fixed samples

were dehydrated using ascending grades of ethyl

alcohol, cleared in chloroform and embedded in

paraffin wax. Ileum transverse sections, of 5 µm

thickness, were stained using Mayer’s haematoxylin,

and 1% aqueous eosin .[13]

Ultrastructural Procedure: Ileal pieces of the perfused

mice, of all groups, were fixed immediately in 2.5%

phosphate- buffered glutaraldehyde at pH 7.2 and 4°C

for 2 hours. Then, samples were rinsed 3 times in

phosphate buffer (10 minutes each). The specimens

were post-fixed for 2 hours in 1% buffered osmium

tetroxide at 4°C , washed again in buffer and,[40]

afterward, they were dehydrated in graded acetone and

embedded in Spurr's resin. Ultrathin sections (80-90 nm

in thickness) were collected on 200-mesh nickel grids,

double stained with uranyl acetate and lead citrate ,[61]

examined and photographed with Joel 1200

Transmission Electron Microscope at the Electron

Microscope Unit, at Faculty of Science, Ain Shams

University.

RESULTS AND DISCUSSION

In non-infected, non-treated mice, the ileum

consists of 4 main layers: serosa, muscularis externa,

submucosa and mucosa. The lining of the ileum shows

a series of permanent folds, villi. Ileal villi are seen

under magnification as fingerlike outgrowths of the

mucosa projecting into the intestinal lumen. Between

the villi are small openings of simple tubular glands,

the crypts of Lieberkühn (Fig. 1).

Fig. 1: Photomicrograph of a part of a transverse

section of the ileum of non-infected, non-

treated mouse showing the serosa (1),

muscularis (2), submucosa (3) and mucosa (4)

layers. The mucosa is folded into villi (V),

between the bases of which crypts of

Lieberkühn (cL) are found. Bar = 50 µm.

The lining epithelium is continuous with that of

the glands or crypts and is mainly composed of

absorptive cells and goblet cells.

In relation to the digestive and absorptive functions

of the small intestine of mammals, the mucosa of the

ileum is the most important layer, and will be given a

special attention during the present study.

The ileum of non-infected mice that received 50

mg/kg b.wt of garlic every other day for 6 weeks

appeared quite normal. The villi appeared tall and
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slender  with  intact  enterocytes and brush border

(Fig. 2). On the other hand, the ileal tissue of non-

infected mice treated with 100 mg/kg of garlic showed

clear signs of villous degeneration. This was

accompanied with sloughed out apical enterocytes. In

addition, a marked inflammatory infiltration of the

lamina propria was observed (Fig. 3).

Fig. 2: Photomicrograph of a part of a transverse

section of the ileum of non-infected mouse

treated with the low dose of garlic revealing

normal contour of the mucosa with tall slender

villi (V). Bar = 50 µm.

Fig. 3: Photomicrographs of a part of a transverse

section of the ileum of non-infected mouse

treated with the high dose of garlic showing

villi (V) with apical degenerated and sloughed

out enterocytes (E) and stromal infiltration

(asterisks). Bar = 50 µm.

Many pathological changes were observed in the

ileum of S. mansoni-infected, non-treated mice after six

weeks of infection. These changes comprised

granuloma formation, villous atrophy (including

shortening, thickening, blunting and fusion), as well as

edema, stromal mononuclear infiltration, and increased

intestinal wall thickness. Enterocytic damage and

hyperplasia, along with goblet cell hypertrophy and

hyperplasia were also observed (Fig. 4). After twelve

weeks of infection, the magnitude of tissue destruction

was more prominent. Mice of this group showed

substantial enlargement of the ileum, which was

associated with severe muscular hypertrophy, crypt

hyperplasia and villous atrophy. In addition, diffused

mononuclear infiltrative inflammation was extended

through the ileal different layers. Moreover, granulomas

were evident in the subserosa, muscularis and

submucosa (Fig. 5). An apparent increase in the

number of goblet cells per villus was observed.

Besides, these goblet cells were more swollen than at

6 weeks post infection and emptying their contents in

the lumen. The enterocytes endured hyperplasia and

hypereosinophilia, while their nuclei acquired a distinct

hyperchromatic appearance, thus exhibiting an intense

stainability which reflects clear signs of nuclear

pyknosis (Fig. 6).

Fig. 4: Photomicrograph of a part of the ileum of S.

mansoni-infected mouse (non-treated, 6 weeks

post infection). Villi (V) are short, thick, blunt

and fused. The lamina propria suffers from

edema and inflammatory cell infiltration

(asterisks). Notice the muscular thickening

(arrow heads) especially near the granuloma

(G). Bar = 50 µm.

The histological structure of the ileum of mice

inspected 6 weeks after infection and treatment with

the low dose of garlic, has not apparently undergone

remarkable changes in its ordinary pattern, excluding

the presence of few granulomas and mild inflammation 
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Fig. 5: Photomicrographs of a part of the ileum of S.

mansoni-infected mouse(non-treated, 12 weeks

post infection) showing numerous granulomas

(G), muscular hypertrophy (arrow heads), and

cryptal hyperplasia (cL). Villi (V) are short,

blunt, and greatly infiltrated with inflammatory

cells (asterisks). Enterocytes (E) are enduring

hyperplasia and hypereosinophilia, and

containing hyperchromatic nuclei. Abundance

of goblet cells (gc) and mucus filling the

lumen are also visible. Bar = 50 µm.

Fig. 6: Photomicrographs of a part of the ileum of S.

mansoni-infected mouse(non-treated, 12 weeks

post infection) showing numerous granulomas

(G), muscular hypertrophy (arrow heads), and

cryptal hyperplasia (cL). Villi (V) are short,

blunt, and greatly infiltrated with inflammatory

cells (asterisks). Enterocytes (E) are enduring

hyperplasia and hypereosinophilia, and

containing hyperchromatic nuclei. Abundance

of goblet cells (gc) and mucus filling the

lumen are also visible. Bar = 50 µm.

in the villous stroma. However, the shape of the villi

became almost restored, and the muscular hypertrophy

and goblet cell hyperplasia were no more recognizable

(Fig. 7). In mice treated with this dose of garlic and

sacrificed 12 weeks post infection, the histopathological

lesions produced by Schistosoma infection were

reduced to a great extent. The number of granulomas

was reduced and the muscular hypertrophy was

restricted to the granulomatous area. Moreover, the

epithelium looked normal but the lamina propria was

infiltrated with inflammatory cells (Fig. 8).

Fig. 7: Photomicrograph of a part of the ileum of S.

mansoni-infected mouse(treated with the low

dose of garlic , sacrificed 6 weeks post

infection) showing normal villous architecture

(V). Bar = 50 µm.

Fig. 8: Photomicrograph of a part of the ileum of S.

mansoni-infected mouse(treated with the low

dose of garlic , sacrificed 12 weeks post

infection) showing a submucosal granuloma

(G ) ,  nea r  which  the  m u scu la r is  is

hypertrophied (arrow heads). Villi (V) are tall

but inflamed. Bar = 50 µm.

Oral administration of the high dose of garlic

(100mg/kg b.wt) to mice infected up to 6 weeks, did

191



Res. J. Medicine & Med. Sci., 3(2): 188-187,2008

not exert any improvement in the magnitude of

granulomatous formation, or developed pathology in the

ileum of the infected mice. The villi were short, thick

and fused, with their tips eroded and their stroma

infiltrated. The intestinal mucosal epithelium underwent

hyperplasia and the mucous cells were swollen.

Muscular hypertrophy was observed near granulomas

which usually contained more than one ovum (Fig. 9).

Twelve weeks post-infection, the histopathological

features were still more or less similar to those

observed in the corresponding infected, non-treated

mice. Schistosomal granulomas were present in all

intestinal layers. Marked hyperplasia of the crypts of

Lieberkühn and hypertrophy of muscle fibers were also

observed. Enterocytes were detached from the lamina

propria as the latter was shrunk and infiltrated with

inflammatory cells. Some enterocytes possessed round

nuclei. Goblet cells were swollen and hypertrophied

(Fig. 10).

Fig. 9: Photomicrograph of a part of the ileum of S.

mansoni-infected mouse( treated with the high

dose of garlic , sacrificed 6 weeks post

infection) showing short, thick and fused villi

(V) with degenerated apices and inflamed

cores (asterisks). The lumen is filled with

amorphous material and cell fragments.

Muscular hypertrophy (arrow heads) is

observed near the granuloma (G). Bar = 50

µm.

Ultrastructural observation of the ileum of non-

infected, non-treated mice cleared that the absorptive

cells (enterocytes) are tall columnar cells; each has an

oval basal euchromatic nucleus with a few patches of

heterochromatin, and contains one nucleolus (Fig. 11).

At the apex of each cell is a homogenous layer called

the striated (brush) border which is a layer of densely

packed microvilli that increases the surface area of

absorption. The clear area beneath the microvilli is

occupied with filamentous striations, the terminal web

(Fig. 12). The lateral walls of these cells form well-

Fig. 10: Photomicrograph of a part of the ileum of S.

mansoni-infected mouse(treated with the high

dose of garlic , sacrificed 12 weeks post

i n f e c t i o n ) s h o w in g  s e v e r a l  b i l h a r z i a l

granulomas (G). Notice the hyperplasia of

crypts (cL) and hypertrophy of the muscularis

(arrow heads). V, villi. Bar = 50 µm.

Fig. 11: Electron micrograph of the ileal epithelium of

non-infected, non-treated mouse showing

columnar enterocytes with basal oval nuclei

(N), Golgi complexes (Go), mitochondria (M),

ro ugh  end op lasmic  re t icu lum (RER),

lysosomes (ly) and microvilli (mv). Bar = 2

µm.

developed tight junctions, especially at the uppermost

regions; while their cytoplasm contains a variety of

different cell organelles including rough endoplasmic

reticulum, mitochondria, Golgi complex and few

lysosomes. Besides, free ribosomes are also found

either singly or in aggregates scattered in the cytoplasm

(Fig. 13).
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Fig. 12: Electron micrograph of the apical region of an

enterocyte of non-infected, non-treated mouse

showing tall, closely packed microvilli (mv)

connected at their bases to the terminal web

(tw). Bar = 0.2 µm.

Fig. 13: Electron micrograph of a part of an enterocyte

of non-infected, non-treated mouse revealing

a nucleus (N) with nuclear pores (arrow

heads), mitochondria (M), profiles of rough

endoplasmic reticulum (RER) and free

ribosomes (r). Bar = 0.2 µm.

Electron microscopy of the ileum of non-infected

mice that received 50 mg/kg b.wt of garlic every other

day for 6 weeks had an unaltered fine structure of

enterocytes (Figs 14 and 15). On the other hand,

various fine structural alterations were observed in the

ileum of non-infected mice treated with 100mg/kg of

garlic. Enterocytes looked shorter than normal but the

microvilli maintained their normal appearance (Fig. 16).

The mitochondria were rather condensed with dark

matrices and poorly defined cristae. The granular

endoplasmic reticulum were dilated and vesiculated.

The unattached ribosomes and lysosomes increased in

number, and several multilamellar bodies appeared in

enteric cytoplasm (Fig. 17).

Ultrastructural examination of ileum of infected,

non-treated mice confirmed the abundance of goblet

cells and lumenal mucus. The striated border of the

enterocytes was severely destructed as there were

almost no microvilli and the ones surviving were

undersized and unorganized (Fig. 18). Most enterocytic

organelles were hardly distinguished. On the other

hand, mitochondria appeared opaque, swollen and

vacuolated (Fig. 19). After twelve weeks of infection, 

Fig. 14: Electron micrograph of the apical parts of the

enterocytes of non-infected mouse treated with

the low dose of garlic showing tall and

parallel microvilli (mv), connected to the

underlying terminal web (tw). Several profiles

of mitochondria (M), rough endoplasmic

reticulum (RER), free ribosomes (r) and tight

junctions (arrow heads) can be seen. Bar = 0.5

µm.

Fig. 15: Electron micrograph of the cytoplasm of an

enterocyte of non-infected mouse treated with

the low dose of garlic showing a part of the

nucleus (N), mitochondria (M), rough

endoplasmic reticulum (RER), free ribosomes

(r), a well developed Golgi complex (Go) and

microvilli (mv). Bar = 0.5 µm.

Fig. 16: Electron micrograph showing intact microvilli

of non-infected mouse treated with the high dose of

garlic (mv). Bar = 2 µm.
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Fig. 17: Electron micrograph of a magnified part of an

enterocyte of non-infected mouse treated with

the high dose of garlic showing hypertrophied

Golgi complexes (Go), ballooned mitochondria

with dark matrices and poorly defined cristae

(M ), vesiculated profiles of granular

endoplasmic reticulum (RER) and many

detached free ribosomes (r). Nucleus (N),

lysosomes (ly) and multilamellar body

(asterisks) are also obvious. Bar = 0.2 µm.

Fig. 18: Electron micrograph of enterocytes of S.

mansoni-infected mouse(non-treated, 6 weeks

post infection) showing that enterocytes (E)

are shorter than normal and their microvilli

(mv) are almost damaged. Goblet cells (gc)

are frequent and mucus is seen in the lumen

(asterisks). Bar = 2 µm.

electron microscopy revealed the predominance and

hypertrophy of mucous cells, and the enormous

reduction of microvillus height and density of the

neighboring enterocytes (Fig. 20). Moreover,

perinuclear spaces were distended, Golgi complexes

were hypertrophied, rough endoplasmic reticula were

dilated and vesiculated, and the mitochondria were

ballooned and vacuolated. Scattering ribosomes and

lysosomes increased in number in many cellular areas

(Figs 21 and 22). In the mitochondria of other injured

absorptive cells, electron dense intercristal granules

were  very  common,  a feature well represented in

figure 21.

Fig. 19: Electron micrograph of a highly magnified

enterocyte of S. mansoni-infected mouse(non-

treated mice, 6 weeks post infection). The

nucleus (N) is flattened and highly indented.

Golgi complex (Go), profiles of rough

endoplasmic reticulum (RER), free ribosomes

(r), and opaque, swollen and vacuolated

mitochondria (M), are hardly distinguished.

Microvilli (mv) are reduced in number and

size. The micrograph shows a large area of

degenerated organelles (asterisk). Bar = 0.5

µm.

Fig. 20: Electron micrograph showing the abundance of

goblet cells (gc) of S. mansoni-infected

mouse(non-treated, 12 weeks post infection).

These cells are seen discharging their secretion

into the lumen. Microvilli (mv) of adjacent

enterocytes (E) are scarce, short and thick. L,

lymphocyte. Bar = 2 µm.

Electron micrographs of the ileum of mice

inspected 6 weeks after infection and treatment with

the low dose of garlic, revealed that the fine structure

of the enterocytes showed no destruction (Figs 23 and
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24). Twelve weeks post infection, and despite of the

presence of mitochondria with dark matrices, the

ultrastructure of the enterocytes of this group was

almost normal in comparison with the standard material

(Figs 25 and 26).

Fig. 21: Electron micrograph of a magnified part of an

e n t e r o c y t e  o f  S .  m a n s o n i - i n f e c t e d

mouse(nontreated, 12 weeks post infection)

showing several ballooned mitochondria (M)

having damaged cristae and stromal electron

dense granules (arrow heads). Profiles of the

granular endoplasmic reticulum (RER),

detached ribosomes (r), Golgi complex (Go)

and secondary lysosomes (ly) are also seen.

Bar = 0.5 µm.

Fig. 22: Electron micrograph of a magnified part of

another enterocyte of S. mansoni-infected

mouse(nontreated, 12 weeks post infection)

revealing adverse subcellular changes. The

perinuclear space is dilated (arrows), Golgi

complex (Go) is hypertrophied and the rough

endoplasmic reticulum (RER) is distended and

vesiculated. The micrograph shows several

ballooned mitochondria (M) with broken

cristae and distended outer chamber. r, free

ribosomes. Bar = 0.5 µm.

Treating mice with the high dose of garlic to mice

infected up to 6 weeks, most enterocytes were highly

degenerated. The microvilli were disrupted, being short

and few (Fig. 27). Large vacuoles, observed in the

cytoplasm, presumably represent swollen parts of the 

Fig. 23: Electron micrograph showing 3 enterocytes (E)

and a goblet cell (gc) of S. mansoni-infected

mouse(treated with the low dose of garlic ,

sacrificed 6 weeks post infection). Mucus

granules of the latter have dense cores. mv,

microvilli; M, mitochondria; RER, rough

endoplasmic reticulum; Go, Golgi complex

and N, nuclei are intact. Bar = 1 µm.

Fig. 24: Electron micrograph of an enlarged portion of

an enterocyte  of S. mansoni-infected

mouse(treated with the low dose of garlic ,

sacrificed 6 weeks post infection) showing

several mitochondria (M), profiles of rough

endoplasmic reticulum (RER), free ribosomes

(r) and lysosomes (ly). Bar = 0.2 µm.

rough endoplasmic reticulum and Golgi complex. Most

mitochondria appeared condensed and degenerated.

Some nuclei were pyknotic. Multilammellar bodies, as

well as many lysosomes and free ribosomes were also

located  (Fig.  28).  Twelve  weeks post-infection, the 
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Fig. 25: Electron micrograph of the intestinal

e p i t h e l i u m  o f  S .  m a n s o n i - i n f e c t e d

mouse(treated with the low dose of garlic

,sacrificed 12 weeks post infection) showing

columnar enterocytes with well conserved

microvilli (mv). These cells have basal nuclei

(N), mitochondria (M), Golgi complexes (Go)

and profiles of rough endoplasmic reticulum

(RER). Bar = 2 µm.

Fig. 26: Electron micrograph of the intestinal

e p i t h e l i u m  o f  S .  m a n s o n i - i n f e c t e d

mouse(treated with the low dose of garlic

,sacrificed 12 weeks post infection) showing

mitochondria (M) having dark matrices. Other

organelles are unaltered. RER, rough

endoplasmic reticulum; r, free ribosomes and

Go, Golgi complex. Bar = 0.5 µm.

ultrastructure examination revealed more serious

injuries. Microvilli were short and scarce (Fig. 29).

Vacuolation of the cytoplasm and swelling of the rough

end o p lasm ic  re t icu lum  were  ve ry co m m on.

Mitochondria in these specimens became opaque and

their cristae were poorly defined as compared to the

normal counterparts. Besides, the internum of some

mitochondria was occupied by electron dense materials.

Furthermore, an increase in the intensity of lysosomes

and scattering ribosome were observed (Fig. 30).

Fig. 27: Electron micrograph of the apical part of an

enterocyte of S. mansoni-infected mouse(

treated with the high dose of garlic ,

sacrificed 6 weeks post infection) showing a

moderate number of relatively short microvilli

(mv) connected to a terminal web (tw). Bar =

0.5 µm.

Fig. 28: Electron micrograph of an enterocyte of S.

mansoni-infected mouse( treated with the high dose of

garlic , sacrificed 6 weeks post infection) showing

highly hypertrophied Golgi complexes (Go), condensed

and degenerated mitochondria (M), vesiculated rough

endoplasmic reticulum (RER), detached ribosomes (r),

vacuoles (va), lysosomes (ly) and multilamellar bodies

(asterisk). Bar = 0.5 µm.

Discussion: In non-infected mice treated with garlic

(50 mg/kg body weight) no histopathological lesions

were encountered in the examined ileal tissues. On the

other hand, the pathological features detected in ileum

of mice with 100 mg/kg, constituted minor villous

atrophy and stromal mononuclear infiltration, together

with enterocytic disturbances. These disturbances

included dilatation and vesiculation of endoplasmic

reticulum, detachment of ribosomes, obscurity of

mitochondria, and the abundance of lysosomes and

multi-lamellar bodies. These ramifications probably

alter the synthesis and secretion of the intestinal

hormones and digestive enzymes as well as the

digestive process.
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Fig. 29: Electron micrograph of the intestinal

epithelium of S. mansoni-infected mouse(

treated with the high dose of garlic ,

sacrificed 12 weeks post infection) showing

scarce microvilli (mv) and an almost

unrecognized terminal web (tw). Lysosomes

(ly) and vacuoles (va) are abundant. Bar = 0.5

µm.

Fig. 30: Electron micrograph of a part of an enterocyte

of S. mansoni-infected mouse( treated with the

high dose of garlic , sacrificed 12 weeks post

infection) showing several dilated granular

endoplasmic reticulum profiles (RER),

detached ribosomes (r), condensed opaque

mitochondria (M) with electron dense granules

(arrow heads), lysosmes (ly) and vacuoles

(va). Bar = 0.5 µm.

In this respect, Nakagawa et al.  mentioned that[44]

raw garlic juice at a dose of 5 ml/kg resulted in death

of rats due to stomach injury. Joseph et al.  studied[31]

the effect of high doses of aqueous garlic extract and

garlic oil on liver, stomach, lungs, and heart tissues. At

the autopsy, all the organs were found grossly

congested. Microscopically, vascular congestion was the

most striking feature. Another study by Augusti[2]

showed that prolong feeding of rats with large

quantities of uncooked garlic resulted in anemia, weight

loss and failure to grow due to lysis of red blood cells.

Also, Hemmaid and Rahmy  reported that[2 8 ]

administrating garlic powder (~ 70 mg/kg of raw

garlic) to rats for 10 days induced several pathological

changes. Variable forms of erosion, exfoliation and

necrosis represented gastric alterations.

Nevertheless, the present results are more or less

similar to those that have been described in intestinal

samples obtained after X-ray radiation  ethanol[47 ]

administration  zinc deficiency  ä-endotoxication[5 1] [15] [21]

and after prolonged feeding on fatty diets .[63]

This contradictory effect of 100 mg/kg of garlic

compared to that of the low dose could be due to the

action of some garlic components, such as diallyl

sulfide and diallyl disulfide. Such components are

known to induce cytotoxic activity in case of over dose

administration .[7 ,3,25,28]

Light microscopic observation, in the present work,

brought into vision a number of abnormalities in the

ileum of schistosomiced mice. Among the prominent

alterations encountered were villous atrophy, stromal

inflammation, epithelial disturbances, goblet cell and

crypt  hyperplasia,  and  muscular hypertrophy. Elliott

et al.  mentioned that when the inflammation is part[14]

of protective immunity, increased epithelial proliferation

and crypt hyperplasia can be seen as a mechanism to

replace infected or damaged enterocytes and to provide

cells to cover areas of enterocyte loss.

In this respect, mucosal atrophy, due to the edema

and inflammatory infiltration of the lamina propria, has

led to the speculation that a malabsorption syndrome

may eventually occur in severe schistosomiasis .[1 1]

Moreover, the proliferation of the intestinal epithelium

as well as edema and inflammation form a thick

barrier, preventing normal food absorption. What is

more, is the injury of intrinsic nerves of intestine that

affects the muscular movement . Such events lead[41,60]

to impaired absorption of nutrients which was

confirmed by the clinical observations of Fikry  and[23]

Fikry et al.  who pointed to the existence of[24]

malabsorption syndromes in bilharzial patients, and by

Vengesa  and  Lease ,  Ferreira et al.  and Couto[62] [2 2 ]

et al.  using mice as an experimental model.[11]

Another intestinal histopathological sign prevailed

in this work is the hyperplasia of goblet cells which

was reported to be the hallmark of bilharziasis[1 1 ,5 0 ,18,19]

and some protozoan and nematodal infections .[59,29,33]

According to Tse and Chadee  and Farah and[59]

Nyindo , it is likely that mast cell products in the[19]

small intestine of infected animals increase local

membrane permeability and stimulate goblet cell

hyperplasia and mucus secretion. This is in accordance

with the development of severe catarrhal enteritis that

is seen in both acute and chronic stages of mansonian

schistosomiasis . Mucins from goblet cells may play[11,9]

an important role in trapping and removing intestinal

nematodes from the gut , but its significance in[3 4 ]

schistosomal infections remains obscure.
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Thickening of the intestinal wall was more obvious

in the chronic stage of infection when granulomas were

mostly fibrous. Bogitsh and Wikel  and Blennerhassett[6]

et al.  suggested that this hypertrophy is due to the[5 ]

infiltration of cells and fibers into the serosa-muscularis

area. However, Moreels et al.  mentioned that the[41]

myenteric plexus destruction is what leads to the

enlargement of the intestinal muscular layer.

It is worth to mention that these histopathological

features seem to be common for general intestinal

pathogenesis, as they are reported in intestinal

schistosomiasis  as well as in several[46,50,16,36,16,4111,12]

intestinal helminthic infections .[39,37,10,53]

With the aid of electron microscopy, changes can

be seen earlier and in more details if compared to the

light microscope tackling. Subcellularly, deterioration of

microvilli, dilatation and vesiculation of the rough

endoplasmic reticulum and hyperactivation of Golgi

complex seem to be the common injurious responses.

Also, mitochondria suffered from being ballooned, and

containing broken cristae and matricial electron dense

granules. Besides, an increase in the number of

lysosmes and detached ribosomes was also noticed.

Such observations were formerly submitted by Bogitsh

and Wikel  and Robinson and Crompton . However,[6] [50]

en te r ic  u l trastructural changes p rod uced  b y

schistosomiasis in this study bear striking resemblance

to those seen in hepatocytes of infected animals .[55,48,20]

It could be suggested that, the currently reported

deleterious changes affecting the major cellular

organelles are certainly reflected on the ability of these

cells to perform their functions efficiently as on their

ability to survive. One of the main affected structures

is the endoplasmic reticulum, which is believed to

represent the site of protein synthesis including

enzymes and hormones. So, its vesiculation reflects

poor cellular ability to synthesize proteins needed by

cells in the process of wear and tear. Furthermore, the

abundance of lysosomes is likely attributed to an

increased demand for intercellular digestion of poorly

functioning organelles . Also, the mitochondria, in[52]

addition of being the sites of cellular energy, they are

indirectly concerned with the synthesis of amino acids.

Therefore, it is not surprising that cell respiration is

inhibited if mitochondria  lose their regular

organization  and protein synthesis will be affected[5 7 ]

because of lack of energy . Moreover, Elliott et al. [49] [14]

and Harris et al.  reported the loss of the intestinal[27]

function as the absorptive surface area and brush

border digestive enzymes are decreased due to

microvillous atrophy, which certainly leads to body

growth retardation.

In the current study, treating infected mice with

garlic in a dose of 50 mg/kg caused a remarkable

histological and ultrastructural recovery, as the presence

of opaque mitochondria was the only observed

intestinal alterations.

Subsequent to the higher garlic dose application

(100 mg/kg b.wt), histological and ultrastructural results

were insignificantly different comparable to those of

the analogous infected control groups. This could be

explained on the basis of the induced-hepatocytic

damage in livers of non-infected mice treated with this

high dose of garlic . Such injury might affect the[3 8]

synthesis of many antioxidant enzymes, detoxifying

agents and immunoglobulins produced by the liver,

which, doubtless, leads to a drop in the immunity

making it a hard task to challenge infection to the

same extent the low dose does.

Nonetheless, no publications were devoted to the

influence of garlic on the structural characteristics of

the organs of schistosomiced animals to compare the

present results with.

On the light of the results obtained from this work,

it is concluded that garlic in low doses has a

therapeutic effect on established S. mansoni infection

and plays a role in ameliorating its pathological

consequences, although at high doses of garlic the

reversal of these effects is observed.
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