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1. Introduction

     Schistosomiasis, caused by the trematode flatworms of 
the genus Schistosoma, is one of the most neglected tropical 
diseases with major public health significance in terms of 
morbidity and mortality. Recent estimates indicate that more 
than 230 million people are affected in 76 countries[1], about 
779 million are at risk of contracting the infection and 280 000 
cases died in each year in sub-Saharan Africa because of 
schistosomiasis[2,3]. The burden of infection occurs in rural 
areas; however, with  increased travelling, European and 
North American travellers are occasionally become infected. 
Five major species causing human schistosomiasis of which 

Schistosoma mansoni (S. mansoni), the aetiological agent of 
intestinal schistosomiasis, is endemic in 54 countries[4]. 
     Currently, praziquantel  is  the only anti-schistosomal 
agent. Although it  is safe and highly effective in a single 
dose  regimen,  the problem of worm resistance  is a big 
threat, as low efficacy of praziquantel in the treatment of 
schistosomiasis has been reported in Senegal and Egypt[5,6].
     No  safe,  effective  alternative drug  for  treatment  of 
schistosomiasis exists. Moreover, in spite of more than 40 
years of research to develop a vaccine for schistosomes, no 
effective vaccine candidate exists, and praziquantel remains 
the mainstay for schistosomiasis control[7]. This makes the 
discovery and development of praziquantel alternatives is 
very important. 
     Great efforts by various research groups are going  to 
develop novel anti-schistosomal agents either synthetic 
or  from natural compounds. As a relatively  time-saving 
and cost-effective approach, scientists started to test the 
available compounds  in  the market, which have  some 
antiparasitic activities. Among  them,  the antimalarials 
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artemether, mefloquine,  and  compound  artemisinin-
naphthoquine phosphate,  have  shown activity  against 
schistosomiasis[8-10]. 
   Recently, the compound BTP-Iso, a novel benzimidazole-
derived  compound, with well-known broad  spectrum 
anthelmintics activity of this group of compounds, has also 
revealed anti-schistosomal effects[11]. 
      Ivermectin  is  a  semi-synthetic  broad-spectrum 
antiparasitic drug with high efficacy and a wide margin 
of safety, affecting most of parasitic nematodes as filarial 
worms, Ascaris, Enterobius, and Strongyloides. Moreover, 
ivermectin affects different ectoparasites such as lice, mites, 
ticks, and fleas[12]. The effect of  ivermectin on nematodes 
can be attributed to its strong agonist effect to muscular and 
neuronal glutamate-gated chloride channels[13-15]. Early 
researchers recorded the lack of efficacy of ivermectin on 
trematodes and cestodes[16-19]. However,  a pronounced 
in vitro  effect  of  ivermectin when  incubated with  the 
metacestode stage of the tapeworm Echinococcus granulosus 
(E. granulosus)[20]. Moreover, degenerative changes have 
been observed in the E. granulosus protoscoleces incubated 
with ivermectin in the form of tegumental blebbing, which 
revealed that  the tegument is  the primary site of damage 
in this parasite[21]. Similar tegumental changes have been 
recorded recently[22], when ivermectin was incubated with 
the  trematode Fasciola gigantica (F. gigantica). These 
recent studies highlight the potential activity of ivermectin 
on trematodes and possibly on schistosomes. 
      This  study was  conducted  to  evaluate  the possible 
antischistosomal effect of ivermectin against adult S. mansoni 
harboured in mice in terms of worm burden, oogram pattern, 
tissue egg  load,  granuloma measurement.  In  addition, 
we used scanning electron microscope  (SEM)  to study any 
alterations in  the tegumental surface of schistosomes. To 
our knowledge this is the first experimental study to test the 
activity of ivermectin on S. mansoni.  

 2. Material and methods

2.1. Mice infection

   Cercariae of S. mansoni Egyptian strain (CD) were obtained 
from infected Biomphalaria alexandrina snails after light 
exposure. Snails were purchased from Schistosome Biologic 
Supply Program (SBSP) at Theodor Bilharz Research Institute 
(Giza, Egypt).
     Female BALB/c mice  (age=6 weeks), obtained  from the 
Medical Experimental Research Center  (MERC), Faculty of 
Medicine, Mansoura University, Mansoura, Egypt, weighing 
25-30 g were used  in  the experiments. Each mouse was 
infected with 80依10 cercaria through subcutaneous injection. 
Mice were maintained under environmentally controlled 

conditions and fed on standard diet and normal drinking 
water.
   All animal experiments in this study were carried at MERC, 
following  the  institutional and national animal welfare 
regulations.

2.2. Drug

   Ivermectin (Sigma-Aldrich, USA) was dissolved in dimethyl 
sulfoxide with gentle heating in a water bath immediately 
before use.  

2.3. Experimental design and mice treatment

   The study was carried on 21 mice, randomly divided into 
three groups each with 7 mice: Group I was infected with 
S. mansoni cercaria and received the vehicle only (infected 
-untreated control), Group II was infected and treated with 
ivermectin in a single oral dose of 25 mg/kg and Group III 
was infected and treated with 25 mg/kg/day of ivermectin for 
two consecutive days.
   All mice were deprived of food 3 h before drug or vehicle 
intake. The dosing protocols were administered by oral 
gavage using a ball-tipped feeding needle six weeks p.o.  
Mice were allowed  to eat one hour after  treatment. Two 
weeks post-treatment all animals were euthanized by  i.p. 
injection of sodium thiopentone (100 mg/kg). 

2.4. Parasitological studies (worm recovery, oogram pattern 
and tissues egg count)

     The portal vein was perfused using citrated saline  to 
recover adult worms. The collected worms were counted and 
sexed, to calculate the percentage of worm reduction[10]. For 
oogram studies, one hundred eggs per oogram were randomly 
chosen and classified as immature (stages I-IV), mature and 
dead, then the percentage of each stage was determined[11]. 
One gram of liver and intestine was incubated in 4% KOH at 
37 °C for 18 h. The number of eggs was counted to calculate 
the number of eggs per gram of tissue[10].

2.5. Scanning electron microscopy (SEM)

     Worms  recovered  from  the  three groups used  in  the 
study were washed with  saline  and  incubated  in  2.5% 
glutaraldehyde in phosphate-buffered saline (pH 7.4) for 24 
h at 4 °C, then processed for examination by SEM, using JEOL, 
JSM-6510LV (USA).

2.6. Histopathological studies 

     Specimens of  the  liver were  fixed in 10% formalin and 
processed  into 4 µm thick sections. Later sections were 



Amira Taman et al./Journal of Coastal Life Medicine 2014; 2(10): 817-823 819

stained with haematoxylin and eosin (H&E), and examined 
under  light microscope. Counting of  the granuloma was 
conducted in five successive microscopic fields (伊40) of serial 
tissue sections of more than 250 µm apart, and the average 
diameter of granulomata was calculated as well.

2.7. Statistical analysis

      SPSS  software  version  16.0 was  used  for  statistical 
comparison  between  infected  treated  groups  and  the 
infected untreated control group. A nonparametric Mann-
Whitney U  test was used to test for significant differences 
between groups. A P value>0.05 was considered statistically 
insignificant. The percentage of reduction between treated 
and untreated groups was assessed using  the  following 
formula:  (mean  value  of  untreated  group-mean  value 
of  treated  group)伊100/mean  value  of  untreated  group. 
Descriptive statistics including the mean依SD were used. 

3. Results

3.1. Parasitological studies

   Ivermectin administered to mice 6 weeks p.o., in a single oral 
dose of 25 mg/kg (Group II), resulting in significant reduction 
in  female worms  (P<0.01), but non-significant  reduction 
(P>0.05) in male worms and total worms burdens compared 
with Group I (controls), with percentage reductions of 21.6%, 
7.9%, and 7.6%, respectively  (Table 1). However, ivermectin 
given for two consecutive days (Group III) showed statistically 
significant reductions in female worms, male worms and total 
worms (P<0.01), with reductions of 45.4%, 27.6%, and 28.8%, 
respectively, compared with controls (Table 1).   
Table 1
Effects of ivermectin given 6 weeks p.o. on worm burden in mice infected with Egyptian 
strain of S. mansoni.

Animal groups Male burden Female burden  Total worms burden
Group I       18.1依2.9         13.9依2.0      37.7依6.8
Group II       16.7依1.8 (7.9)        10.9依1.2 (21.6**)      34.9依1.3 (7.6)
Group III       13.1依1.1 (27.6**)          7.6依2.6 (45.4**) 26.8依2.9 (28.8**)
Values are expressed as means依SD. Group I: infected-untreated mice; Group II and III: 
infected mice and treated with ivermectin at single oral dose of 25 mg/kg or the same 
dose  for  two consecutive days,  respectively. Numbers between parentheses  indicate 
the percentage of reduction compared with infected-untreated controls. **: Significant 
difference from control group at P<0.01.

     Analysis of  the oogram pattern of  the  treated groups 
revealed significant reduction  (P<0.01)  in  immature eggs 
(especially early immature stages) in Groups II and III  (19.4 
% and 38.8%, respectively), and significant (P<0.01) increase 
in dead eggs in both groups, respectively (56.2% and 76.8%, 
respectively), compared with the infected-untreated controls. 
However, non-significant reduction in mature eggs in both 
treated groups (P>0.05), compared with the control group, was 
recorded (Figure 1).
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Figure 1. Oogram pattern  in S. mansoni-infected mice under different  treatment 
regimens of ivermectin. 
Group I: Untreated control; Group II: Received 25 mg/kg ivermectin; Group III: Received 
25 mg/kg ivermectin for two consecutive days. 

     Mean number of eggs per gram of intestinal and hepatic 
tissues was  significantly  reduced  (P<0.01)  in Group  III 
compared with Group I, with percentage reductions of 21.0% 
and 27.4%,  respectively. While Group  II  revealed non-
significant reduction in the mean number of intestinal eggs, 
significant reduction  (P<0.01)  in hepatic eggs of 8.7% and 
14.5%, respectively (Table 2). 
Table 2
Effects of ivermectin given 6 weeks p.o. on tissue egg loads in mice infected 
with Egyptian strain of S. mansoni  
Animal groups Intestinal ova count (伊103) Hepatic ova count (伊103)

Group I             36.0依4.3         46.4依3.0
Group II             32.9依3.1 (8.7)         39.7依2.4 (14.5**)
Group III    28.4依2.4 (21.0**)    33.7依5.9 (27.4**)
Values are expressed as means依SD. Group I: infected-untreated mice; Group II and III: 
infected mice and treated with ivermectin at single oral dose of 25 mg/kg or the same 
dose  for  two consecutive days,  respectively. Numbers between parentheses  indicate 
the percentage of reduction compared with infected-untreated controls. **: Significant 
difference from control group at P<0.01.

3.2. Results of SEM

      To  detect  the  possible  effect  of  ivermectin  on 
schistosomes´ tegument, recovered worms were examined by 
SEM. The shape and appearance of untreated control worms 
of S. mansoni  (Figure 2A), were similar to those previously 
described in the literature[23]. The morphological alterations 
of the tegument occurred in a dose-dependent manner and 
were more pronounced in female than in male adults. Male 
worms recovered from mice treated with a single oral dose of 
ivermectin showed tegumental damage as roughness of the 
surface, peeling and erosion with exposure of the basement 
membrane,  reduced number and collapse of  tubercles 
(Figure 2B and C) as well as shortened spines on tubercles 
(Figure 2C). Swelling of the tegumental ridges and vesicles 
formation were seen on the ventral surface of the worm next 
to the gynaecophoric canal (Figure 2D). No morphological 
alterations could be observed in the oral and ventral suckers 
of male worms except for minor erosions, emergence of few 
tiny vesicles, and some deformities of the ventral sucker (not 
shown). Ivermectin given in the high dose (25 mg/kg for two 



Amira Taman et al./Journal of Coastal Life Medicine 2014; 2(10): 817-823820

consecutive days), resulting in extensive destruction of the 
male tegument in the form of peeling and erosions on the 
dorsal surface; exposing the basement membrane (Figure 
3A), in addition to massive destruction of the ventral surface, 
damage and deformity  of  gynaecophoric  canal  (Figure 
3B). Several vesicles were also seen in the gynaecophoric 
canal  (Figure 3C). However, female worms had pronounced 
destructive changes all over the body with massive erosion 
and peeling of the oral sucker, ventral sucker, area between 
both suckers  (Figure 3D)  in addition  to deformity of  the 
ventral sucker and area below ventral sucker (Figure 3E). 

Figure 2.  SEM of male S. mansoni worms recovered from infected mice 
treated with 25 mg/kg of ivermectin. 
A is male control. B, C, and D are treated male worms with roughness of the 
surface, peeling, erosions  (arrowheads) and collapsed tubercles with short 
spines (C). Swelling of the tegumental ridges and vesicles formation (arrows) on 
the ventral surface next to the gynaecophoric canal (D). 
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3.3. Histopathological studies 

     Histopathological  examination  of  liver  sections  of 
untreated  infected mice  revealed marked  inflammation 
of  liver parenchyma, many eosinophilic abscesses and 
multiple cellular granuloma around mature ova (Figure 4A), 
with mean diameter of  (858.6依52.1) µm and number of 15.6
依1.3  (Table 3). Mice treated with single dose of ivermectin 
showed moderate  parenchymal  inflammation,  some 
eosinophilic abscesses with significant reductions (P<0.01) 
in  granuloma count  (7.1依1.1)  and diameter  (480.7依60.6) 
µm (Figure 4B). While mice  treated with  two  ivermectin 
doses,  revealed  less  inflammatory  reactions and small-
sized granulomata  in  the  liver parenchyma  (Figure  4C) 
with significant high reductions in the granuloma number 
and diameter  (P=0.001)  of  (5.0依1.3)  and  (425.0依17.1) µm, 
respectively, compared with the control group (Table 3). 

Figure 4. Effect of oral administration of ivermectin on hepatic granuloma 
diameter in mice infected with S. mansoni (Egyptian strain). 
A: Untreated control; B: Received 25 mg/kg ivermectin; C: Received 25 mg/kg 
ivermectin for two consecutive days(H&E 伊100). Arrow points to Schistosoma ova.

A B C

Table 3
Effects of ivermectin given 6 weeks p.o. on granuloma characteristics in mice 
infected with Egyptian strain of S. mansoni.
Animal groups Granuloma count/40伊 Reduction (%) Granuloma diameter (µm) Reduction (%)

Group I 15.6依1.3 858.6依52.1
Group II  7.1依1.1 54.1** 480.7依60.6 44.0**

Group III  5.0依1.3 67.9** 425.0依17.1 50.5**

Data are presented as means 依SD. Group I: infected-untreated mice; Group II 
and III: infected mice and treated with Ivermectin at single oral dose of 25 mg/
kg or the same dose for two consecutive days, respectively. **:  Significantly 
different from control (P<0.01).

4. Discussion 

     Schistosomiasis  is one of  the most  important parasitic 
diseases  that  continue  to  threaten millions  of  people 
in many  tropical  and  subtropical  countries[24].  The 
dependence  on  a  single drug  to  treat  people  infected 
worldwide  is a big  threat, particularly when considering 
the  emergence  of  praziquantel-resistant  strains  of 
schistosomes[6]. Accordingly, outstanding researches  for 
the discovery and development of novel antischistosomal 
compounds  are  eminent  to  allow  alternation  of  drug 
regimens and prevent or delay  further development of 
resistant strains.
   Despite being developed for veterinary uses, ivermectin 
is  used  to  control  several  nematodes  and  arthropods, 
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which  cause  human  diseases  such  as  lymphatic 
filariasis, onchocerciasis,  strongyloidosis, and scabies, 
respectively[12]. 
      There  are  contradictory  results  about  the  effect  of 
ivermectin  on  trematodes. Early  studies  reported  that 
avermectins  and milbemycins had no  activity  against 
Fasciola hepatica (F. hepatica) and S. mansoni[18,19]. 
However,  another  research  reported  that  IVOMEC ®-F, 
which is composed mainly of ivermectin, reduced the fecal 
egg count by 98%, given to sheep infected by F. hepatica[25]. 
Recently,  researchers  preferred  to  use  ivermectin  in 
combination with other drugs  to enhance/potentiate  its 
effect on Fasciola[26,27].
     This  study  is  the  first  one  to highlight  the potential 
in vivo antischistosomal  effect  of  ivermectin.  Oral 
administration of a  single dose of  ivermectin at 25 mg/
kg,  resulted  in significant  reduction of 21.6%  in  female 
worms. While, administration of  the  same dose  for  two 
consecutive days,  revealed  reduction  of  45.4%,  27.6%, 
and 28.8%, respectively,  in  female, male worms and total 
worm burdens, respectively compared to infected controls 
receiving  the vehicle  only. Worm  reductions could be 
related  to  the  tegumental damage  found  in some worms 
and verified by SEM. Reduction in female worms is of great 
significance, as compounds targeting female schistosomes 
will  affect  egg production,  the main  cause  of  disease 
morbidity[28], and hence lead to improve the clinical status 
or even  treat  infected  individuals,  and  reduce disease 
transmission. Moreover,  reduction of male worms  is  of 
importance since males are  in  frequent contact with  the 
host microenvironment[29].
      Previous  research  showed  that  a  single  dose  of 
praziquantel at 300 mg/kg  (approximately one third of  the 
curative dose)  resulted  in  16.8%  schistosomes’  burden 
reduction[30].  This  result  illustrates  that  high dose  of 
praziquantel  (6  times  that  of  ivermectin)  remains  less 
effective than lVM dose (25伊2 mg/kg) used in our study.
   Both regimens of ivermectin showed significant reduction 
in  immature eggs  (early  stages)  leading  to  reduction  in 
tissue egg load. Reduction of ova and significant increase 
in  the number of dead eggs indicates  the strong ovicidal 
activity  of  ivermectin. These  results  are  in  agreement 
with previous studies  reporting  the  in vitro  and  in vivo 
effects of ivermectin against F. gigantica and F. hepatica, 
respectively[22,26,27]. The decreased egg production could 
be attributed to  the reduction in the number of  the adult 
females or  tegumental and suckers destruction  that may 
interfere or even  impair  feeding  in adult worms, which 
could affect egg-laying[31,32].
   The SEM analysis revealed several morphological changes 
in adults worms  recovered  from mice  treated with both 
regimens of ivermectin, which were more extensive with the 

double dose, particularly in female worms. Several agents 
exhibit  their  antischistosomal activity by  targeting  the 
tegument, as praziquantel[27], artemether[33], atorvastatin 
alone  or  in  combination  with medroxyprogesterone 
acetate[34], mefloquine[9,35], miltefosine[36], and  recently 
the compound BTP-Iso, a novel benzimidazole-derived 
compound[11]. Likewise,  tegumental alterations  induced 
by ivermectin on adult schistosomes were similar to those 
observed for parasites incubated with the aforementioned 
compounds.    In addition,  the  lethal effect of  ivermectin 
on  the cestode; E. granulosus and  the  trematode[21]; F. 
gigantica is mainly attributed to tegumental destruction[22]. 
This may suggest  that  the tegument is  the possible target 
for ivermectin in platyhelminths.
   The tegument has a vital role in schistosomes’ nutrition, 
host  immune evasion, and sensation[37]. Therefore,  it  is 
an ideal drug target since its destruction will expose the 
worm antigens  to  the host  immune system  for eventual 
destruction  and  elimination.  Ivermectin  in  high dose 
showed tegumental disruption on the ventral surface of male 
worms with deformity of some parts of  the gynaecophoric 
canal and  formation of vesicles  inside. Intimate contact 
between male and female schistosomes, which is achieved 
by  female  residing  in  the male gynaecophoric canal,  is 
important  for stimuli  transfer  from male to  female. These 
signals are not  only  important  for physical  and sexual 
maturation of  females but also  to maintain  their mature 
status[38].  Ivermectin  in double dose affects  integrity of 
the gynaecophoric canal and separation of  female  is a 
possible result. Separated mature females will suffer from 
regression of  the  reproductive organs  for affecting egg 
production and development[39]. Additionally,  females 
were more affected than males with extensive destruction 
of  the oral and ventral suckers and area between  them. 
The extensive effect of  ivermectin on females than males 
might  be  attributed  to  the  fact  that male  tegument  is 
much thicker with highly folded surface and tubercles[38]. 
Damage of  the suckers  in  females could result  in  loss of 
the ability  to attach  to  the blood vessels and  interfere 
with ingestion of nutrients from blood[40], which could be 
another possible mechanism of killing more females than 
males and reduced egg deposition in tissues. 
     One of  the most  important  findings  in our  study has 
highly  significant  reduction  in  bilharzial  granuloma 
count and  size after both dosing protocols. This could 
be attributed to  the reduction in  the  tissue egg  load due 
to  ivermectin  effect. However,  an  immunomodulatory 
effect after  treatment might be another possible cause as 
cytokines are believed to modulate the granuloma size and 
to play a fundamental role in the pathology of schistosome 
infection[41]. 
      Herein  as  in  previous  studies[21,22],  the  tegument 
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is  probably  the  primary  target  for  ivermectin  action. 
Macrocytic lactones such as ivermectin are potent agonist 
of  nematode  and  arthropod  glutamate-gated  chloride 
channels (GluCl) and potentiate the effect of glutamate[42]. 
Glutamate signalling has been recorded previously on the 
surface of schistosomes[43,44], which supports the presence 
of ivermectin target in the tegument. 
   Our data encourage researchers to look for other uses of 
ivermectin other  than being used to  treat nematodes and 
arthropods causing human diseases. Interestingly, a recent 
work  increases  the possibility  of  using  ivermectin  in 
combination with other antimalarials compounds to control 
malaria caused by Plasmodium falciparum species[45]. 
     Based on the outcome of  this study, we could consider 
ivermectin as a potential antischistosomal agent due  to 
its  schistosomicidal activity on adult worms especially 
females and its ovicidal effect in addition to its potentiality 
in  improving hepatic  lesions. Further  laboratory work  is 
needed to elucidate  the effect of  ivermectin on different 
schistosomes’ species, particularly if used in combination 
with other antischistosomal drugs such as praziquantel 
and artemether.
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