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Abstract: The effect of sublethal concentrations of the antihelminthic plant derivative, dihydro-
artemisinin methyl ether (Artemether) on the infectivity of the larval stages of Schistosoma 
haematobium to Bulinus truncatus and to hamster (Mesocricetus auratus) and certain physiological 
parameters of B. truncatus snails was studied.  The results obtained showed infectivity of B. truncatus 
to infection with S. haematobium miracidia was greatly reduced by exposure to LC0, LC10, LC25 of 
Artemether and also a reduction in the infectivity of the Schistosome cercariae shed from infected B. 
truncatus post exposure to sublethal concentrations of Artemether. The present results showed viable 
Bilharzial egg deposition, with related granulomas of chronic inflammatory cellular collection having a 
portal location in the liver of hamster infected with S. haematobium cercariae.  The results obtained 
showed also that the glucose level in haemolymph of exposed snails was elevated while glycogen 
content in the soft tissues of the snails was significantly reduced. Sublethal concentrations of 
Artemether had strong In vivo and In vitro inhibitory effects on acetylcholinesterase activity of B. 
truncatus.  
 
Key words: schistosomiasis, Schistosoma haematobium, Bulinus truncatus, antihelminthic, 

molluscicides.    
 

INTRODUCTION 
 
 Freshwater snails of the genus Bulinus play a major role as intermediate hosts of Schistosoma haematobium 
is the etiological agent of schistosomiasis. Plant molluscicides have been regarded as possible alternatives to the 
costly and environmentally hazardous molluscicides currently available (Oliveira-Filho et al, 2010). There is a 
great interest in the use of molluscicides of plant origin by local communities in self-supporting system of 
schistosomiasis control program where, natural products are considered as potentially useful and 
safe molluscicides (Miyasato  et al, 2012; Adewumi et al, 2013). Many investigations were carried out on the 
molluscicidal activity of certain plants and their extracts (Bakry et al, 2007; Abdel-Hamid, 2008; Hasheesh et al, 
2011; Al-Zanbagi, 2013). 
 Artemether was first synthesized and used as an antimalarial drug in China (Hien and White, 1993). This 
drug was derived and developed from the plant Artemisia which was known since ancient time for its medicinal 
importance  have a molluscicidal and miracidicidal activity (Mansour et al, 2002 ; Hafez et al, 2007; 
Gholamrezaie et al, 2013). It also have anti-schistosomal properties, with no drug-related adverse effects and 
significantly reduces the incidence and intensity of schistosome infections, including those of S. mansoni, S. 
japonicum and S. haematobium (Xiao, et al, 2000 & 2002; Hou et al, 2008). The larval migratory stages of the 
parasite, known as schistosomulae is the selectively targets of artemether where it blocks the development of 
ovipositing adult schistosome worm pairs in the vasculature (Xiao et al, 2000). Among the obvious changes, the 
molluscicides greatly affect the metabolic activities of the snail intermediate hosts (Rawi et al, 1995) Also, they 
act on different enzymes chiefly those of respiration metabolism (Bakry et al, 2002a&b; Sakran and Bakry, 
2005). In order to promote energy production, gastropods catabolize primarily carbohydrates, which are stored 
as glycogen and transported in the haemolymph as glucose (Livingstone and deZwaan, 1983; Bakry et al, 2011). 
 The present work aimed to study the mode of action of Artemether as molluscicides against B. truncatus as 
indicated by its sublethal concentrations action on the infectivity of the larval stages of S. haematobium to B. 
truncatus and to hamster and certain physiological parameters of B. truncatus snails.  
 

MATERIAL AND METHOD 
 
1. Snails:  
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 Laboratory bred B. truncatus snails (5-6 mm in shell diameter) and were obtained from Schistosome 
Biological Supply Program (SBSP), Theodor Bilharz Research Institute (TBRI). 
 
 
2. Schistosoma Haematobium ova:  
 They were obtained from Schistosome Biological Supply Program (SBSP), Theodor Bilharz Research 
Institute (TBRI). 
 
3. Animals:  
 Male hamsters (Mesocricetus auratus) were provided by lab/bred colony of similar age and weighing 100-
120 g were selected for this study. Animals were kept in a controlled animal room at 24oС±2 and were allowed 
free access to diet and water during the stud 
 
4. Artemether:  
 It is a methyl ether derivative of artemisinin, which is a peroxide lactone isolated from 
the Chinese antimalarial plant, Artemisia annua. It is also known as dihydro-artemisinin methyl ether, but 
its correct chemical nomenclature is (+)-(3-alpha, 5a-beta, 6-beta, 8a-beta, 9-alpha, 12-beta, 12aR) -decahydro- 
10-methoxy-3, 6, 9-trimethyl-3, 12-epoxy-12H-pyrano (4, 3-j)-1, 2-benzodioxepin. It is a relatively lipophilic 
and unstable drug (De Spiegeleer et al, 2012). Artemether tablets (50 mg with documented purity of 99.6% were 
purchased from Kunming Pharmaceutical Corporation, Kunming, China) were used in this experiment. The 
actual concentration was calculated as the percentage of the active material in the used weight. Artemether was 
applied to snails as aqueous solution of tablets. 
 
5. Molluscicidal Activity:  
 A stock solution of 1000 ppm was prepared from Artemether powder on the basis of w/v using de-
chlorinated water (pH 7.0-7.5). A series of concentrations was prepared from each compound on the basis of 
w/v as aqueous solution (WHO, 1965). The effectiveness of Artemether has been expressed as LC50 and LC90 
(Litchfield and Wilcoxon, 1949). The sublethal concentrations were calculated through a computer program 
(IPM SPSS Statistics program, version 20 for Windows) employing the probit analysis (Finney, 1971). 
 
6. Effect of Sublethal Concentrations of Artemether on Infectivity of S. haematobium miracidia to B. 
truncatus snails:  
 The effect of sublethal concentrations of Artemether on infection rate of B. truncatus with S. haematobium 
miracidia was examined by exposing 3 groups each of 50 snails individually to a dose of 10 miracidia/snail and 
maintained in each concentration of Artemether (LC0, LC10, LC25) for 24 hours under room temperature (24 ± 1 
°C) and ceiling illumination. After exposure to miracidia, snails were maintained in their corresponding 
sublethal concentrations. Another group of 50 snails was exposed to miracidia in the absence of the Artemether 
and maintained under the same conditions (control group). Examination of snails for cercarial shedding was 
carried out twice weekly, 25 days post exposure. 
 
7. Effect of Sublethal Concentrations of Artemether on Infectivity of S. haematobium cercaria to hamster 
(Mesocricetus auratus):  
 Three groups each of Male hamsters (M. auratus); weighing 100-120 g was exposed to 120 S. haematobium 
cercariae/mouse, from B. truncatus snails exposed to LC0, LC10 and LC25 of Artemether, respectively. A fourth 
hamster group (control) was infected S. haematobium cercariae from infected B. truncatus snails unexposed to 
sublethal concentrations of Artemether, by tail immersion method according to the method of Oliver and 
Stirewalt (1952).  
 Forty-five days after exposure to cercariae, hamsters in each group of the experiments were sacrificed 
individually and dissected. The worm load in each hamster was carried out by perfusion according to the 
method of Kloetzel (1967). The different developmental stages of S. haematobium ova (the Oogram) are 
determined followed the method of Pellegrino et al (1962). The ova count/g tissue (Digestion of liver) was 
calculated according to Kamel et al (1977). 
 
8. Histological studies:  
 Three groups (each of six hamsters) one group were infected with S. haematobium cercariae from B. 
truncatus snails exposed to LC25 of Artemether and second group was infected S. haematobium cercariae from 
infected B. truncatus snails unexposed to LC25 of Artemether. Third group were used as a control group. 
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 Forty-five days after exposure to cercariae, hamsters in each group of the experiments were sacrificed 
individually and dissected. Then part of the liver from each one was removed, fixed in Bruin's fluid for five hrs, 
and then transferred to 70% alcohol. Further procedures included dehydration in 100% alcohol, clearing in xylol 
and paraffin embedding were followed. Four sections (5 microns in thickness) were taken from each liver 
sample, each section being at a distance of at least 500um from the proceeding one. Sections were stained with 
haematoxylin and eosin and were examined under a polarized light microscope. 
 
9. Effect of Sublethal Concentrations of Artemether on Physiological Parameters in Snails’ Hemolymph and 
Tissues:  
 For studying the effect of Artemether on some physiological parameters of B. truncatus snails, four 
identical groups of B. truncatus (each of six replicates) of which were exposed for one month to  sublethal 
concentrations (LC0, LC10, LC25) of Artemether respectively. The fourth group was maintained as control under 
the same laboratory conditions, without exposure to Artemether. 
 
10. Assay Methods:  
 Haemolymph samples were collected according to Michelson (1966) by removing a small portion of the 
shell and inserting a capillary tube into the heart. The haemolymph pooled from 10 snails were collected in a 
vial tube (1.5ml) and kept in an ice-box. For preparation of tissue homogenates of both exposed and unexposed 
snails, one gram of snail's soft tissues from each group was homogenized in 5 ml distilled water, pH 7.5. A glass 
homogenizer was used and the homogenate was centrifuged for 10 minutes at 3000 rpm, fresh supernatant was 
decanted. 
 Physiological parameters were determined spectrophometrically, using kits purchased from BioMerieux 
Company, France. Determination of tissues glycogen was evaluated according to Carrol et al, (1956). 
Haemolymph glucose concentrations were determined according to the glucose oxides method of Trinder 
(1969).  
 In vivo acetylcholinesterase activity was measured in the nervous tissue of snails following exposure for 24 
hours or 48 hours to LC0, LC10 &LC25 of Artemether. The effects of Artemether were studied. Control was kept 
in water alone. The acetylcholinesterase (AChE) activity was measured in the nervous tissues by the method of 
Ellman et al (1961). As modified by Singh and Agarwal (1991), for this snail, pooled nervous tissue (50mg) 
dissected from around the buccal mass was homogenized in 1.0 ml of 0.1M phosphate buffer pH 8.0 for 5 min. 
in an ice bath and centrifuged at 1000 rpm for 30 min at -40C. 
 The enzyme containing supernatant (0.05ml) was pipetted to a corvette. To this was added 5×10-4M of 
freshly prepared acetylcholine iodide solution in distilled water as substrate, 1.45 ml of buffer (pH 8.0) and 0.05 
ml of chromogenic agents 5:5 dithio-bis-nitrobenzoate (DTNB). The change in optical density at 412nm caused 
by the enzymatic reaction was monitored for 3 min at 250C. Enzyme activity has been expressed as µM 
sulphhydril group (SH) hydrolysed/min/mg protein. Each experiment was replicated at least six times  
 In vitro enzyme activity was determined by the method of Singh and agarwal (1991). This involves pre-
incupation of the enzyme with the inhibitor. The freeze dried tested plant was suitably diluted in buffer and 
pipetted in the cuvettes; controls contained only buffer. Enzyme containing supernatant was then pre-incubated 
for 15 min at 250C with the inhibitor following which cholinesterase activity was determined in the usual 
manner (Ellman et al, 1961). 
 
11. Statistical Analysis:  
 Student’s t-test and chi-square test (Petrie and Sabin, 2000) were used in comparing the means and rates of 
experimental and control groups statistically.  
 
Results: 
 The molluscicidal activity of Artemether on B. truncatus snails after 24 hours of exposure is presented in 
table (1). The data obtained indicate that LC50 and LC90 values for Artemether were 18.5 and 36.6 pmm 
respectively. The sublethal concentrations (LC0, LC10 & LC25) were found to be 1.85, 6.8,11.4 ppm, 
respectively. 
 The effect of sublethal concentration of Artemether on infection of B. truncatus with S. haematobium 
miracidia was presented in table (2). The infection rate was significantly lower than that of control snails 83.3%, 
being 33.3, 24   and 15 for snails exposed to LC0, LC10, LC25 of Artemether, respectively with reduction rate of 
60%, 61.2 and   82%, respectively. 
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Table 1: Molluscicidal activity of Artemether against adult against adult B. truncatus snails after 24 hours exposure. 
LC0 
ppm 

LC10 ppm LC25 ppm LC50 ppm Confidence limit of LC50 ppm LC90 ppm Slope function 

1,85 6.8 11.4 18.5 15.41-22.2 35.6 1.8 
 
Table 2: Effect of Artemether on the infectivity of S. haematobium miracidia for B. truncatus snails. 

Sublethal concentration 
(ppm) 

Survived snails at first shedding Infected snails  
% Reduction Number % Number % 

Control 42 84 35 83.3  
LC0 30 60 10 33.3 60 
LC10 25 50 6 24 61.2 
LC25 20 40 3 15 82 

 
 
Table 3: Number of worms in mice infected with S. haematobium cercariae from B. truncatus snails exposed to Artemether. 

Sublethal 
concentrations 

(ppm) 

Mean number of worms/mouse ± SD 
 

Total mean 
number of worms 

/mouse ±SD 

Percent worm of 
reduction % 

Male Female Pairs 
Control 12.1±0.64 6.2±0.64 4.7±0.82 23.1 ± 1.8  

LC0 6.6±0.15** 3.2±2.5** 1.6±0.32** 11.4±1.8** 50.65 
LC10 3.2±o.42*** 1.4±0.11*** 0.88±0. 31*** 5.48± 2.1*** 76.28 
LC25 1.8±0.21*** 1.1±0.32*** 0.62±.1.5*** 3.52±1.1*** 84.76 

*p<0.05**p< 0.01 & ***p< 0.001 
 
 The effect of the tested concentrations of Artemether on the infectivity of S. haematobium cercariae is 
shown in table (3). Lowest number of worms was obtained from mice infected with Schistosome cercariae shed 
from Bulinus snails post exposed to LC25 of Artemether with a reduction of 84.76% than that of control. The 
mean number of the immature stages of Schistosome ova was higher in the experimental treated groups than that 
of the control. Meanwhile, the number of mature ova was significantly lower in the experimental groups, 
(p<0.001). Being 39.4, 23.1 & 8.4   ova in the case of B. truncatus snails post exposed to LC0, LC10 & LC25 of 
Artemether, respectively, and as  compared to number of ova for control group (68.4). The percentage of dead 
ova in mice infected with cercariae shed from B. truncatus snails post exposed to LC0, LC10 & LC25 of 
Artemether was also higher the values recorded being 8.2, 13.7 &18.5%, respectively than that of the control 
(1.4%), (Fig. 1). The total number of ova/g tissue was also decreased significantly in all the experimental groups 
and as compared to the control (Fig 1). 
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Fig. 1: The Oogram pattern in mice infected with Schistosoma haematobium cercariae from Bulinus truncatus 

snails exposed to sublethal concentrations of Artemether. 
 
 The present results showed that histologically, the liver of hamster is formed of homogeneous mass of 
parenchymal cells arranged in hepatic lobules, distinguished by their central vein and separated by poorly 
developed interlobular spate. The hepatic lobules are composed of irregular branched and interconnected hepatic 
strands that anastomose to form a network enclosing a system of tortuous blood sinusoids. Liver of normal 
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hamster (Fig.2A&B) showed preserved normal hepatic lobule with radial arrangement of hepatocytes around the 
central vein. No fibrosis, cirrhosis, dysplasia or neoplasia and or degeneration were recorded of hepatocytes. 
 The results showed viable bilharzial eggs deposition, with related granulomas of a chronic inflamatory 
cellular collection having a portal location in the liver of hamster infected with S. haematobium cercariae from 
B. truncatus snails unexposed to LC25 of Artemether (Fig 2 C). Viable eggs appeared oval in longitudinal 
section or round showing the miracidial content in cross-section (Fig.2 C).  
 Infection of hamster with S. haematobium cercariae from B. truncatus snails exposed to LC25 of Artemether 
caused multinucleated histolytic inflammatory giant cell with cytoplasmic engulfed foreign bilharzial pigment 
do not contain viable bilharzial egg (Fig 2 D). 
 
 

 
 
Fig. 2: A&B Section in liver of normal hamster showing preserved normal hepatic structure with radial 

arrangement of hepatocytes around the central vein and separated by blood sinusoids. H=hepatocytes, 
BS= blood (d. H&E x300). C. Section in liver of infected hamster with Schistosoma haematobium 
cercariae from Bulinus truncates unexposed to Artemether showing viable Bilharzial eggs deposition, 
with related granulomas of a chronic inflamatory cellular collection having a portal location. G= 
granuloma, BE= Bilharzial egg, (d. H&E x300). D. Section in liver of infected hamster with 
Schistosoma haematobium cercariae from Bulinus truncates exposed to Artemether(d. H&E x300 ). 
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Table 4: Effect of prolonged exposure to Artemether for one month on glucose level in haemolymph, and glycogen content in soft tissues of 
B. truncatus snails. 

Dose Glycogen content 
(mg/g tissue) 

Glucose level 
(mg/ml) 

Control 40.2 ± 2.6 24.±1.6 

LC0 31.2±3.1** 28.2±1.8* 

LC10 23.1± 2.5 *** 36.5±2.6** 

LC25 16.2 ± 1.3*** 44.6±2.1*** 

 Date are expressed as Mean ± SD for 4 animals 
*p<0.05**p< 0.01 & ***p< 0.001 
 
Table 5: Effect of different doses of Artemether on    acetylcholinesterase (AChE) activity in the nervous tissue of B. truncatus for 24hr and 

96hr (in vivo). 

Exposure 
periods 

In vivo AChE activity (µMSH Hydrolysed/min/mg protein) 

Control LC0 LC10 LC25 

24 hr 0.073± 0.0012 0.056± 0.0004 
23.29% 

0.039± 0.011 
46.85% 

0.028± 0.016 
61.64% 

96hr 0.065± 0.0014 
 

0.034± 0.0012 
47.69% 

0.028± 0.024 
56.92% 

0.012± 0.014 
78.46% 

Values are mean ±SE of six replicates 
Values in parenthesis indicate per cent enzyme activity with control  
 
Table 6: In vitro inhibition acetylcholinesterase activity (µMSH Hydrolysed/min/mg protein)) in the nervous tissue of Bulinus truncatus  

after 15 min pre- incubation with sublethal concentrations of Artemether. 

AChE activity (µMSH Hydrolysed/min/mg protein) 

LC25 LC10 LC0 Control 

0.041± 0.0028 
46.1% 

0.051± 0.0016 
21.1% 

0.067± 0.019 
11.84% 

0.076± 0.0004 

 
 The glycogen content in tissues of the oxicated snails was significantly lower (p<0.01) than in the control 
group (Table 4). On the other hand, a glucose level was also increased in snails exposed to the same 
concentrations of the tested plant extract. 
 In vivo treatment of snails with sublethal concentrations of Artemether for 24 hour or 96 hours caused 
significant (P<0.05) inhibition of acetylcholinesterase (AChE) activity in the nervous tissue of B. truncatus 
(Table 5). Thus post 24 hr exposure to LC0, LC10 & LC25 of Artemether reduced the AChE activity was 
decreased 23.29%,46.85% and 61.64%, respectively. Similarly, post 96hr exposure to the same tested doses of 
Artemether the AChE activity was reduced till reach 47.69%, 56.92% and 78.46%as compared the control 
values, respectively. The Maximum inhibition (78.46%) of AChE control was observed after 96hr of exposure 
to the higher tested dose level (LC25 of Artemether). 
 In vitro (Table 6) treatment with sublethal concentrations of Artemether was also caused inhibition of 
AChE activity. Fifteen minutes pre-incubation with LC0 of Artemether are able to reduce the enzyme activity to 
11.84%while treatment with LC25 of Artemether showed 46.1% inhibition as compared to the control level. 
 
Discussion: 
 In the present study, the infectivity of s. haematobium miracidia for B. truncatus was greatly reduced after 
exposure to sublethal concentration of Artemether. These results are mostly incomitaut accords with many 
authors ( Rawi et al, 1995; El-Ansary et al, 200; Sharaf El-Din et al, 2001; Sakran and Bakry, 2005; Bakry et al, 
2011).   
 Regarding the infectivity of S. haematobium miracidia of for B. truncatus, it was greatly reduced by the 
tested sublethal concentration. These findings accords with those of Mohamed et al (2000) using Abamectin and 
Bakry et al (2001), using Agave franzosini plant. 
 In this study, various parameters were carried out to test the infectivity of S. haematobium cercariae shed 
from B. truncatus exposed to sublethal concentrations of Artemether to the Hamsters. The present results 
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showed that, the mean number of worms per mouse in the experimental groups was less than that of non treated 
group. The lowest number of worms was obtained from the infected mice exposed to the dose level LC25 of 
Artemether with a reduction of 84.76%. This agrees with the findings of Ritchie et al (1994) that showed 
infectivity of S. mansoni cercariae was inhibited after treatment with 100 ppm of bis tri-nbutyltin oxide for 5 
min.  
 In the present work, the total number of ova per g tissue was decreased significantly in hamsters infected 
with the Schistosome cercariae shed from B. truncatus snails exposed to Artemether. Similar observations were 
reported by Ritchie et al (1994) and Sharaf El-Din et al  (2001). 
 The reduction in the number of ova explained by WHO (1963) that, the few specimens of cercariae that no 
survived post treatments with different molluscicides, could infect the exposed mice and developed to adult 
worms laid low number of ova. This may be due to disturbance in their physiological activities as Bayluscide 
affects the respiratory enzymes, which are essential factors in physiological processes of cercariae and adult 
worms.  
 The present results showed that viable bilharzial eggs deposition, with related granulomas of a chronic 
inflamatory cellular collection having a portal location in the liver of hamster infected with S. haematobium 
cercariae from B. truncatus snails unexposed to LC25 of Artemether. Eggs appeared oval in longitudinal section 
or rounded in shape on cross-section. This agree with Rollino et  al (2008)  who claimed that egg  production  of 
S. haematobium  starts  4-6  weeks  after  infection  and  continues  for  the  life  of  the  worm. Eggs  pass  from  
the  lumen of  blood  vessels  into  the  adjacent  tissues. Spicher et al (2004)  mentioned  that  eggs  of  
schistosome can  either  succeed  in  reaching  the  lumen  of  the  organ  (intestine)  and  leave  the  body  with 
urine or  feces or  remain  trapped  in the body  tissues, where  they  die  and  induce  granuloma  formation  or  
even  be  transported  in  the  blood  flow toward the  other organs (including  peritoneum) where  they  
determine  granulomas. 
 The data obtained showed that Infection of hamsters with S. haematobium cercariae from B. truncatus 
snails exposed to LC25 of Artemether caused a multinucleated histolytic inflammatory giant cell with 
cytoplasmic engulfed foreign bilharzial pigment. It shows an inflammatory giant cell, engulfing a recent viable 
bilharzial egg. These observations agree with Rollino et al (2008)  who observed that in  chronic  
schistosomiasis, tissue  injury  is  mediated  by  egg-induced  granulomas  and  there  is a  subsequent  
appearance  of  fibrosis. Also, Michael and Anthony (1998) mentioned that in granulomatous reactions, the eggs 
induction leads to fibrosis. This in turn may lead to portal hypertension or urinogenital dysfunction, depending 
on the parasite species. The disease symptoms are therefore attributable to immunopathology.  
 Furthermore, no cirrhosis, dysplasia or neoplasias were observed. This may be due to fibrosis, which leads 
to elevation of the portal pressure that causes dilation of the portal veins (Morgan et al, 2005; Zampachova, 
2006). On the other hands, Neves et al (2006) mentioned that S. mansoni infection with high-fat diet promotes 
intensive quantitative changes in hepatic structure,contributing to an increase of hepatic regeneration. They 
observed that only liver of fatty mice exhibited some degree of steatosis. 
 The current study, further, indicated that the tested dose level that equal LC25 of Artemether significantly 
decreased the glycogen content in soft tissues while glucose in haemolymph increased. The levels of glycogen 
and glucose might have changed due to consuming much amount of glycogen through a highly accelerated 
glycolysis as to obtain the energy required for snails' biological functions. This finding was reported by Bakry et 
al (2001) using A. franzosini plant against B. truncatus and Mohamed et al (2000) using Niclosamide & crude 
oil against B.alexandrina. 
 It is evident from the result that the tested doses of Artemether had strong in vivo and in vitro inhibitory 
effects on acetylcholinesterase activity of B. truncatus. The inhibition of AChE activity was found to be 
concentration and time dependent. The acetylcholinesterase enzyme occurs in the outer basal (Taylor, 1980), 
neuromuscular junction and in certain other tissues (Hall, 1973). It is responsible for the  termination of 
cholinergic impulses by the hydrolysis of ACh released during synaptic transmission; Inhibition of AChE thus 
permits accumulation of ACh at the synapses which doses rises several folds in comparison to the normal levels 
leading first to paralysis and then eventually to death (Koelle,1973). The present data also demonstrate that 
Artemether have follows similar order in their toxicity and anti-AChE activity. This indicates that one of the 
principal causes of snail’s death could be cholinesterase inhibition. 
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	11. Statistical Analysis:
	Student’s t-test and chi-square test (Petrie and Sabin, 2000) were used in comparing the means and rates of experimental and control groups statistically.

