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Testing Two Antimalarial Drugs on Giardia lamblia in Experimentally Infected Hamsters
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Abstract: This work aims at testing the therapeutic effect of two antimalarial drugs, Artesunate and

Mefloquine, singly and in combination on Giardia lamblia in infected hamsters. Forty golden Syrian

hamsters, 100-120g, were infected each with oral administration of 20,000 Giardia lamblia cysts through

an oesophageal tube. Infected hamsters were divided into four groups. One group was left as control

infected untreated. Another group was treated with two successive oral doses of Artesunate 200mg/kg

body weight each, 24 hours apart. A third group was treated with a single oral dose of Mefloquine, 750

mg/kg body weight. The fourth group received combined doses of Artesunate 200mg/kg body weight and

Mefloquine 375 mg/kg body weight. Hamsters were given the appropriate drug, three weeks post-infection.

Two weeks later stool analysis was performed and numbers of cysts/gm stool were counted and then all

animals were sacrificed. The results revealed that high significant reduction was recorded in the group

given double dose of Artesunate regimen when compared to the untreated control. The number of Giardia

cysts was significantly reduced in the group given the single dose of Mefloquine regimen when compared

to the respective untreated control. Assessment of cure was also performed by histopathological,

transmission and scanning electron microscope examinations of the upper third part of the duodenum.

Histopathological examination of the small intestine showed complete villus regeneration in the group

given Artesunate regimen compared to the respective untreated control. Ultrastructural examination

revealed that partial healing of the destructed intestinal cell projection by combined regimen, while

complete healing could be detected in the group given Artesunate regimen compared with remarkable

destruction of the intestinal cell projection by Giardia cyst in the control group. Scanning electron

microscopic examination revealed disappearance of the vegetative forms (trophozoites) in the group given

Artesunate regimen. In conclusion, the present study could be of value in endemic areas where people

tend to develop drug resistance to the commonly used antigiardiasis.
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INTRODUCTION

Giardiasis is a protozoal disease, widespread

primarily in developing countries. Infections are

correlated with poor hygienic conditions, poor water

quality control, and overcrowding. The disease shows

a great variability in its presentation. Half of the

patients are asymptomatic, and in the other half, it can

manifest as a malabsorption syndrome (diarrhoea,

abdominal pain, asthenia and weight loss). This

variation in clinical manifestations includes virulence of

Giardia strain involved, number of cysts ingested, age

and immune status of the patient at the time of

infection. A greater incidence rate has been seen in

patients with hypogammaglobulinaemia . Other risk[1]

factors include, risky social behavior, malnutrition and

hypochlorhydria . There are very few therapeutics[2]

currently available, and drug development to treat

giardiasis is hampered mainly by socioeconomic

obstacles . Although standard treatments are usually[3]

curative, some immunocompromised patients, including

patients with acquired immunodeficiency syndrome, as

well as healthy patients, have giardiasis that is

refractory to recommended regimens . The current[4]

recommended treatments for giardiasis, include the

nitroheterocyclic drugs: tinidazole, metronidazole,

furazolidin, the substituted acridine, quinacrine,

benzimidazole and albendazole. Paromomycin is also

used in some situations, and nitazoxanide is proving

useful. However, treatment failures have been reported

with all of the commonly used antigiardial agents, and

drug resistance to all available drugs, has been

demonstrated in the laboratory . Resistance to single[5]

dose treatments with tinidazole and secnidazole has

been reported in giardiasis. Nevertheless, treatment by

quinacrine or nitazoxanide are possible alternatives .[6]

Previously, a case of metronidazole and albendazole

resistant giardiasis in a patient with acquired
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immunodeficient syndrome was successfully treated

with nitazoxanide 1.5gm twice daily for 30 days .[7]

Later on, the clinical resistance to both drugs was

approved by . Last but not the least, benzimidazoles[5]

have been proposed as a therapeutic alternative in the

treatment of giardiasis . 15% of untreated water[8]

samples, were positive for Giardia lamblia and

Cryptosporidium oocysts . Later on, the aqueous,[9]

methanol, acetone and hexane leaf extracts from mature

Artemisia plants, were found to be active in vitro

against the parasitic protozoa Entamoeba histolytica and

Giardia lamblia . Mefloquine is active in vitro against[10]

Entamoeba histolytica and Giardia lamblia .[11]

The mainstay of this study is to test and evaluate

the antimalarial drugs (Artesunate and Mefloquine) in

the treatment of experimental Giardia lamblia

intestinalis by using parasitological parameters,

histopathological, transmission and scanning electron

microscopy. 

MATERIALS AND METHODS

Experimental animals: A group of forty Golden

Syrian hamsters (Mesocricetus auratus), 100-120gm

each, were provided by the schistosome supply

program (SBSP), Theodor Bilharz Research Institute

(TBRI). Animals were fed on a standard pelleted diet

containing 24% protein, 4% fat and about 4-5% fiber

and water adlibitum.

Infection: Giardia lamblia cysts were obtained from

stool of diarrheic patients attending parasitology

laboratory in outpatient clinic of TBRI. Infection of

animals was done by oral administration of 20,000

Giardia lamblia cysts through an oesophageal tube.

The drugs: Artesunate was producing by company

Dafra Pharma, Belgium-Brussel. It was used as freshly

prepared 2% Cremophore El suspension. Mefloquine

which is manufacture in Switzerland for Roche

products, United Kingdom was also suspended in the

same carrier.

Experimental design: The infected hamsters were

divided into four groups 10 hamsters each. One group

served as untreated control. Another group of animals

were treated with two successive oral doses of

Artesunate 200mg/kg body weights each, 24 hours

apart. A third group was treated with a single oral dose

of Mefloquine 750 mg/kg body weight. The fourth

group of infected animals was given a combination of

Artesunate 200mg/kg body weight and Mefloquine

375mg/kg body weight. Treatment was initiated three

weeks post infection. Two weeks later stool analysis

was performed by direct smear method in order to

confirm the  infection .  M er thio la te  iod ine[ 1 2 ]

formaldehyde concentration method (MIFC) . was[13]

used for counting Giardia cysts/gm stool.  Sacrification

of animals in all groups occurred by cervical

dislocation followed by removing the small intestine

and the number of vegetative forms was counted in its

content. The experiment was carried according to the

internationally valid guidelines in the Theodor Bilharz

Research Institute.

Histopathological examination: After sacrification of

the animals, part of the small intestine from each

animal was removed and immersed in 10% buffered

formalin solution. This part was then embedded in

paraffin and sectioned. Five sections (5 microns in

thickness) were taken from each small intestine

specimen and stained with haematoxylin and eosin . [14]

Transmission electron microscopic examination: A

part of the small intestine from each animal was

collected and cut into small pieces and fixed in 3%

g lu ta ra ld ehyde  with  so d ium caco d yla te  fo r

ultrastructural study. Two hours later the collected

intestines were transferred to 2% osmium tetraoxide,

dehydrated with ascending concentration of alcohol and

embedded in epoxy resin according to the technique of

. Semi and ultra thin sections were cut with a leika[15]

ulta microtome. These sections were stained with

uranyl acetate and lead citrate and examined on a Joel

JTM-1200 EXII electron microscope at the Faculty of

Science, Ain Shams University.  

Scanning electron microscopic examination: After

animals were sacrificed, part of the small intestine from

each animal was collected and cut into small pieces,

then fixed in 3% glutaraldehyde, the samples were

washed in phosphate buffer, and passed into rising

concentrations of acetone; critical point dried using

2CO . The samples were then mounted on stainless steel

holders and subjected to sputter coat of gold . and[16]

examined on a Joel JTM-1200 EXII scanning electron

microscope at the Faculty of Science, Ain Shams

University.

Statistics: Differences between the mean scores of any

two groups compared were tested for significance using

an unpaired 2 tailed student's t-test. The data were

considered significant if p values were less <0.05.

RESULTS AND DISCUSSION

Parasitological parameter: High significant difference

was observed in the percentage reduction of Giardia

cysts in the group treated with double doses of

Artesunate (90.3%), compared to 41% & 60% in the
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groups treated with Mefloquine & combined regimen,

respectively. Similarly, the mean parasitic count by

Field Microscopy in the control and treated groups was

shown in Table (1). The difference of both treated

groups, was statistically significant from respective

untreated control hamsters at P<0.001 (Table 1).

Histopathological examination: In the control infected

non treated hamsters, atrophic degeneration of the

intestinal villi was detected (Fig. 1a). The group which

given a combined dose regimen, revealed partial villus

atrophy, but still regenerated villi could be detected

(Fig. 1d). Intestinal villi in infected hamster were

showing partial regeneration of endothelial cells even

after mefloquine treatment (Fig1 c). While the group

which given double dose regimen revealed complete

regeneration of the endothelial cells as shown by

Haematoxylin and Eosin stain (Fig. 1b).

Transmission electron microscopic examination:
Ultrastructural examination revealed, remarkable
destruction of the intestinal cell projection as shown in
Giardia cyst (Fig. 2a). Partial healing of the destructed
intestinal cell projection by combined regimen was
occurred (Fig. 2d). Destructed intestinal cell projection
even after mefloquine treatment was obvious (Fig. 2c),
while complete healing could be detected in the group
given the double dose regimen (Fig. 2b). 

Scanning electron microscopic examination: Scanning
electron microscopic examination in the control infected
non treated hamsters showed the vegetative forms in
the intestinal cell (Fig. 3a). Intestinal mucosa showing
number of trophozoite even after Mefloquine  treatment
(Fig. 3c). Reduced number of trophozoite after
combined treatment with Artesunate and Mefloquine
(Fig. 3d).While these trophozoites disappeared in the
group given the double dose regimen (Fig. 3b).

Table 1: Number of cysts/gm stool and trophozoite forms in hamsters infected with Giardia lamblia and treated with Artesnuate, M efloquine

and combination of both, three weeks post-infection.

Groups Dose(mg/kg) Number of cysts / gm stool Number of intestinal vegetative forms

-------------------------------------------------- ----------------------------------------------------------

M ean±SD Reduction % M ean±SD Reduction %

Infected untreated control - 48748.0±17085 106.0±31.0

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Artesunate treated 2x200 4719.0±4032.0* 90.33% 13.0±10.0* 88.0%

(24hours apart)

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

M efloquine treated 750 28828.0±11695*     41.0% 42.5.±15.5*          57.5%

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Artesunate 200 &375 19579.0±10356.0* 60.0% 45.0±12.9* 60.0%

& M efloquine treated

*P<0.001 highly significant versus to control group.

Fig. 1: Histopathological sections of small intestine recovered from infected untreated and infected treated hamsters
with different regimens.

A:  Control intestine shows degeneration and eruption of intestinal villi (arrows) in infected hamster (Hx&Eosin
x400);  B: Intestinal villi in double dose of Artesunate treated infected hamster shows, complete regeneration
(arrows) of endothelial cells (Hx&Eosin x400);  C: Intestinal villi in infected hamster shows partial regeneration
(arrows) of endothelial cells after Mefloquine treatment  (Hx&Eosin x400); D: Intestinal villi in combined treated
infected hamster shows partial regeneration (arrows) of endothelial cells (Hx&Eosin x400).
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Fig. 2: Electron micrograph of small intestine recovered from infected untreated and infected treated hamsters with

different regimen.

A: Destructed intestinal cell projection (arrows)was appeared by Giardia cysts (X8000); B: Complete healing

of the destructed intestinal cell projection was observed after Artesunate  treatment (X8000); C: Destructed

intestinal cell projection was appeared after Mefloquine treatment (X8000); D: Partial healing of the destructed

intestinal cell projection was appeared after combined treatment with Artesunate and Mefloquine (X8000).

Fig. 3: Photomicrograph of small intestine recovered from infected untreated and infected hamsters treated with

different regimens.

A: Intestinal mucosa shows the trophozoite (arrows) in infected untreated hamster; B: Intestinal mucosa in

double dose of Artesunate treated infected hamster shows almost vanished trophozoites; C: Intestinal mucosa shows 

number of trophozoite even after Mefloquine  treatment; D: Intestinal mucosa shows reduction in number of

trophozoite after combined treatment with Artesunate and Mefloquine.

Discussion:Giardia lamblia is a cosmopolitan parasite
with worldwide distribution. It usually spreads by direct

faeco-oral transmission. Typical symptoms include
abdominal pain or cramps, foul smelling stools,

flatulence, bloating, weight loss, nausea, vomiting,
fatigue or chills. Besides, Giardia lamblia interferes

with absorption of nutrients in the small intestine,
especially fats and fat-soluble vitamins leading to
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malabsorption . The infection may be asymptomatic or[2]

patients may-present with extraintestinal symptoms,
such as fever, maculopapular rash, pulmonary

infiltrates, lymphadenopathy, polyarthritis and urticaria.
A case of hypokalemic myopathy was induced by

Giardia  infection in a patient with primary
immunodeficiency . The joint symptoms are the most[2]

common extraintestinal manifestations occurring in 90%
of patients. 26% of patients are positive for HLA-B27.

This has prompted some authors to support a genetic
succeptibility in the development of the disease .[1]

The goldstandard in the defense mechanism now
available against parasitic protozoa is chemotherapy.

This defense is being challenged by drug resistance and
with a few new drugs in the pipeline, prevention and

circumvention of resistance are medical and veterinary
priorities. By the advance of many antigiardial

preparations, and by the emergence of drug resistance
to some of them, this experiment has been resorted to,

to solve the problem of drug resistance to Giardia
infection. From this study, it could be concluded that

the antimalarial drug artesunate, exerts a potent
antigiardial effect in experimental animals. This is

evident by the low level of faecal cyst count recovered
and reduced number of trophozoites, in the group given

the double dose regimen. Again, this drug regimen was
shown to ameliorate the deleterious effect of Giardia

upon the intestinal mucosa. This is evidenced by
complete villus regeneration recovered in this

previously mentioned group. The same picture was
shown by . Previously, the inhabitants of North[17,1 8 ,1 9]

East of Mexico use an infusion of leaves from
Artemisia ludoviciana as an antidiarrhoeal remedy. The

authors postulated that the aqueous, methanol, acetone
and hexane leaf extracts from mature plants were found

to be active in vitro against the parasitic protozoa
Entamoeba histolytica and Giardia lamblia . Also,[10]

mefloquine is active in vitro against Entamoeba
histolytica and Giardia lamblia .[11]

Ultrastructural examination of the small intestine in
the control group, revealed remarkable destruction of

the intestinal cell projection by the Giardia cyst. Partial
healing of the destructed intestinal cell projection by

combined regimen, while complete healing could be
detected in the group given the double dose regimen.

The same picture was shown by .[19]

Attachment of Giardia lamblia trophozoites to

enterocytes is essential for colonization of the small

intestine and is considered a prerequisite for parasite-

induced enterocyte dysfunction and clinical disease .[20]

A combination of parasitic factors and host responses

seems to be involved. Scanning electron microscopic

examination revealed, trophozoite forms could be

detected in the group untreated control while complete

disappeared could be detected in the group given the

double dose regimen. Damage of the intestinal

epithelium by adherent trophozoites of G. lamblia has

been proposed as one important mechanism in the

pathogenesis of the infection . The importance of[21]

adherence for the survival of G. lamblia in vivo has

been emphasized by . who concluded that parasite[20]

survival is dependent on the cells' attachment abilities,

without which they would be swept away by peristaltic

waves, and that further, the adherence process may be

a potential target for attack by chemotherapeutic

mechanisms.

Conclusion: This study concluded that highly

significant effect of Artesunate when given alone in

intestinal giardiasis. A combination of low doses of

Artesunate with Mefloquine failed to produce any

significantly better effect. This could be of uttmost help

in endemic areas like Egypt, where G. lamblia is a

common parasitic infestation, and resistance to the

commonly used antigiardial drugs commonly

supervenes.

Recommendations: Further trials are recommended to

discover new potent antigiardial compounds. This

experiment complies with the current laws of Egypt,

where the experiments were performed.
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