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Abstract 
   Entamoeba histolytica is an invasive parasite and results in intestinal inflammation and ame-

bic liver abscess. Metronidazole is the main used drug for amoebiasis in both adults and chil-

dren. However, metronidazole has some drawbacks such as having potential mutagenic effects in 

rats as well as the problem of the emergence of drug- resistance species makes the development 

of other safer drugs for amoebiasis is critical. In this study we assessed the ability of bee venom 

(BV) loaded chitosan (CS) nanoparticles to treat amoebiasis and that BV has antiamoebic effect 

as well as it is proved that orally administered BV loaded CS nanoparticles can be a more effec-

tive alternative drug for amoebiasis than subcutaneously injected BV.  
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Introduction 
   Entamoeba histolytica is an anaerobic pro-

tozoan parasitic amoebozoa, member of gen- 

us Entamoeba, predominantly infecting man 

man and other primates causing amoebiasis, 

and estimated to infect about 50 million peo- 

ple worldwide (Ryan and Ray, 2004). Am-

oebiasis leads to around100.000 deaths/year 

(Houp et al, 2016). The protozoan parasite 

Entamoeba histolytica results in intestinal 

ulcer, bowel inflammation and amebic liver 

abscess (ALA), which is known to be the 

major extraintestinal manifestations (Sánch-

ez et al, 2016). Infection starts with inges-

tion of fecally contaminated food or water 

containing E. histolytica cysts. The infective 

cyst form of the parasite survives passage 

through stomach and small intestine (Haque 

et al, 2003).The cysts are resistant form ex-

creted with feces from patients or asympto-

matic cyst passers.  They lose their wall dur-

ing passage via the gastrointestinal tract 

which led to production of trophozoites that 

colonize the intestinal mucosa (Hughes and 

Petri, 2000). Under still unclear circum-

stances, trophozoites are capable of invading 

the epithelium, the intestinal mucosa, and 

even deeper in intestine forming bottle flask 

ulcer (Stanley, 2003). 

   Cases with amebic colitis gave a several-

week history of watery or bloody diarrhea, 

weight loss and cramping abdominal pain 

(Adams and MacLeod, 1977; Aristizabal et 

al, 1991; Ellyson et al, 1986). Patients with 

amebic liver abscess typically present with 

sub-acute onset with fever and pain in the 

right upper quadrant of the abdomen. Jaun-

dice may be an associated symptom in about 

10% and diarrhea in about 30% of cases. 

There may be a few- month history of dys-

entery before (Maltz and Knauer, 1991; 

Anesi and Gluckman, 2015). 

   The treatments for invasive infection differ 

from that for noninvasive one. Paromomycin 

may be used for the therapy of noninvasive 

infections. Nitroimidazoles, especially met-

ronidazole were the mainstay of treatment 

for invasive amoebiasis (Powell, 1966). 

   Metronidazole proved the main drug used 

worldwide to treat invasive amoebiasis in 

children and adults (Powell et al, 1967; Ga-

rdner and Hill, 2001; Farthing, 2006; Jarrad 

 et al, 2016), and nitroimidazole derived 

compounds like ornidazole, secnidazole and 
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tinidazoleare equally effective. Diiodohy-

droxyquin, diloxanide furoate, paromomy-

cin, chloroquine and emetine have also been 

used as alternate drugs (Knight, 1980).  But, 

metronidazole proved to acquire mutagenic 

effect and potential carcinogenicity in rats. 

Metronidazole, tinidazole and other 5-nitro-

imidazole agents killed trophozoites by al-

terations in protoplasmic organelles leading 

to ineffective in treating cyst passers (Rav-

din and Petri, 1995). Lemée et al. (2000) 

pointed to an increased frequency of cases 

refractory to metronidazole treatment and 

emergence of the drug-resistance. So, atten-

tion was given for the development of new 

safer and more effective drugs for amoebia-

sis. 

   The applying BV for the treatment of dif-

ferent diseases has been used since ancient 

times in medicine (Beck, 1935; De Klobusi-

tzky, 1971; Billingham et al, 1973; Hider, 

1988). In addition to 88% water, BV com-

posed of at least 18 components with phar-

macological importance including different 

peptides (apamin, adolapin and melittin), 

enzymes (hyaluronidase and phospholipase 

A2), bioactive amines (epinephrine and his-

tamine), and other non-peptide components 

(free amino acids, lipids and carbohydrates) 

and minerals (Tu et al, 2008; Zhou et al, 

2010). BV has been used in medicine for the 

treatment of a variety of diseases, such as, 

rheumatism, tumors, arthritis, back pain and 

skin diseases (Hider, 1988; Somerfield and 

Brandwein, 1988).  As well as, BV has been 

proofed in vitro the sooner  and  potent  anti-

protozoal  biogenic  agent    and it is proved 

that bee products such as BV can be consid-

ered as potent and novel in vitro anti-

protozoan agents against Toxoplasma gondii 

acute tachyzoites stage (Hegazi et al., 2014). 

Also, some evidence has demonstrated that 

administration of BV is effective in case of 

Schistosoma mansoni infection (Mohamed 

et al, 2014) and can induce different cell 

death pathways in Trypanosoma cruzi 

(Adade et al, 2012). Other reported the oc-

currence of different Programmed cell death 

(PCD) phenotypes in Leishmania species 

(Monte-Neto et al, 2011; Schurigt et al, 

2010) and Trypanosoma cruzi (MennaBarre-

to et al, 2009; Sandes et al, 2010) to the 

treatment with BV. 

   New advances in nanotechnology, allow 

the chance for production of drug nanoparti-

cles which can be utilized in a variety of in-

novative ways (Jain, 2008). Both natural and 

synthetic polymers were used in the synthe-

sis of nanoparticles for drug delivery (Tiya-

boonchai, 2003). But, among many poly-

mers which were studied for forming nano-

particles, CS has given big attention in phar-

maceutical and medical fields (Shahbazi et 

al, 2008), due to its favored properties and 

advantages such as, biocompatibility, low 

toxicity, biodegradability, haemostatic, and 

anticancerogen properties (Hejazi and Amiji, 

2003). 

   CS is a nontoxic, semicrystalline, linear 

polysaccharide composed of randomly dis-

tributed N-acetyl glucosamine and glucosa-

mine units. Indeed, CS is derived from natu-

ral chitin which is the second mostly distrib-

uted polysaccharide in nature after cellulose 

(Rinaudo, 2006). CS is widely used for na-

noparticles because of its recognized muco-

adhesivity and ability of enhancing the pene-

tration of huge molecules across the surface 

of mucosal membranes (Illum, 1998). CS 

nanoparticles have been proved to possess 

great capacity for association of proteins. 

Moreover, CS nanoparticles are extensively 

investigated for delivery of polypeptides 

such as snake venom, diphtheria toxoid and 

tetanus toxoid (Vila et al, 2004; Rezaei and 

Alonso, 2006; Ralston and Petri, 2011). 

   Among different methods developed to 

prepare the CS nanoparticles, ionic gelation 

method received great attention because of 

this process is non-toxic, convenient, con-

trollable and organic solvent free (Agnihotri 

et al, 2004). Ionic gelation technique is de-

pendent on the ionic interactions between 

positively charged amino groups of CS mol-

ecules and negatively charged groups of 

polyanion (Shu and Zhu, 2002). Among va-
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riety of polyanions investigated, TPP proved 

to be widely used due to its quick gelling 

ability and non-toxic property (Kawashima 

et al, 1985; Gan et al, 2005). 

   The aim of this study was to assess the ef-

fect of BV in case of amoebiasis and the 

ability of CS nanoparticles to deliver BV as 

well as to evaluate the effectiveness of BV 

loaded CS nanoparticles as a treatment for 

amoebiasis. 
 

Materials and Methods 
   Medium molecular weight CS derived from 

shrimp shells and BV in the form of lyophilized 

powder were purchased from Sigma-Aldrich. 

Bradford protein assay kit which includes brad-

ford reagent and protein standard was purchased 

from Bio Basic (Canada). Sodium tripolyphos-

phate (TPP), absolute ethanol and acetic acid 

were purchased from Merck (Germany). Other 

reagents used in this work were of analytical 

grade. 

   Preparation of CS nanoparticles and BV load-

ed CS nanoparticles: CS nanoparticles were pre-

pared using ionic gelation method based on 

cross linking between CS solution and TPP ani-

ons. CS was dissolved in 1% acetic acid 

(2mg/ml), and adjusted to pH 5.4 using 0.1 N 

NaOH. TPP dissolved in distilled water as 

1.0mg/ml. To 10ml of CS solution 5ml of TPP 

solution was added drop wise at room tempera-

ture using magnetic stirring (1000rpm, 60min) to 

form an opalescent suspension. Nano-particles 

were separated by centrifugation at 12,000 rpm, 

5±3°C for 30 min, freeze-dried and stored at 4-

8°C. BV loaded CS nanoparticles were formed 

by the addition of TPP solution containing dif-

ferent concentrations of BV (20, 70, 100, 550 & 

700μg/ml) to CS solution. The effect of BV con-

centrations (20, 70, 100, 550 & 700μg/ml) on 

encapsulation efficiency was also investigated 

(Nesalin and Smith, 2012; Mohammadpour 

Dounighi et al, 2012; Zolfagharian et al, 2012; 

Sharma and Sharma, 2013). 

   Characterization of prepared nanoparticles: 

Morphology of prepared nanoparticles was de-

termined using TEM. Particle size, size distribu-

tion analysis (PDI, polydispersity index) and 

zeta potential of nanoparticles were evaluated by 

Zetasizer (Malvern Instruments), based on dy-

namic light scattering technique. Also, Fourier 

transform infrared spectra (FTIR) of CS, CS na-

noparticles and BV loaded CS nanoparticles 

were detected. 

   Evaluation of encapsulation efficiency: Encap-

sulation efficiency (EE) was studied as follows. 

Separation of BV loaded CS nanoparticles from 

the aqueous suspension was done by centrifuga-

tion at 12,000 rpm at 5±3°C for 30 min. The su-

pernatant was collected and protein content (free 

BV) in supernatant was determined by the Brad-

ford protein assay spectrophotometric method at 

595nm (Bradford, 1976; Kruger, 1994). Encap-

sulation efficiency was calculated according to 

the following equation as described by Gan and 

Wang (Gan and Wang, 2007).  

Total amount of venom - Free amount of venom in supernatant 

EE =                                                                                                         ×100 

Total amount of Venom 
 

  In vitro study: Profile of BV loaded CS na-

noparticles was determined by the following 

method. Suspension of certain amount of the 

nanoparticles in 3ml of PBS 0.2 mol/lit, pH 

7.4 followed by incubation in a shaking wa-

ter bath at 37°C, 50rpm (Mohammadpour 

Dounighi et al, 2012). Then 100μl of sam-

ples were taken from the tube and centri-

fuged at determined time intervals (1, 2, 3, 

5, 7, 9, 17, 27, 37 & 42 h) after incubation 

.The samples in the tube were replenished 

with 100μl fresh PBS solution at 37°C. The 

amount of BV released in the supernatant 

was measured by the Bradford method. 

   Animals: Male C57BL/6 strain, albino mi-

ce, 6 to 8 weeks old (25gm), clean from par-

asitic infection, were obtained from the Sch-

istosome Biological Supply Centre (SBSC), 

Theodor Bilharz Research Institute (TBRI), 

Giza. Animals were maintained under stand-

ard laboratory care (; and given filtered 

drinking water and balanced diet. 

   Parasite: E. histolytica cysts were obtained 

from diarrheic patients attending parasitolo-

gy laboratory in outpatient clinic of TBRI.     

   Drugs: BV was given to mice subcutane- 

ously at a dose of 0.1µg/g. BV loaded CS 

nanoparicles with encapsulation efficiency 

http://archrazi.areeo.ac.ir/?_action=article&au=122293&_au=H.++Zolfagharian
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of 93.3% were dissolved in saline (1:1) by 

mild sonication and each mouse was given 

orally a volume of nanoprticles solution con-

taining BV with 0.1µg/g concentration. Sim-

ilarly, unloaded CS nanoparticles dissolved 

in saline (1:1) and the same amount as load-

ed nanoparticles was given orally to mice. 

All treatments were given for periods of 

once a week for two weeks and twice for 

one week.     

   Studied groups: Each mouse was infected 

orally by 10,000 of E. histolytica cysts.   An-

imals were divided into eight groups: G1: 

Control mice. G2: Infected control mice. 

G3: Infected mice treated with BV twice for 

one week (double dose). G4: Infected mice 

treated with BV once a week for two weeks 

(single dose). G5: Infected mice treated with 

CS nanoparticles twice for one week (double 

dose). G6: Infected mice treated CS nano-

particles once a week for two weeks (single 

dose). G7: Infected mice treated with BV 

loaded CS nanoparticles twice for one week 

(double dose) and G8: Infected mice treated 

BV loaded CS nanoparticles once a week for 

two weeks (single dose). Animals were sac-

rificed three weeks post infection 

   Parasitological study: A week post-infec-

tion, stool analysis was done for all to verify 

infection, and treatments were given. One 

week later stool analysis was done by direct 

examination of fresh stool for trophozoites 

and Merthiolate Iodine Formaldehyde Con-

centration technique (Blagg et al, 1955). Af-

ter sacrificing mice large intestines were ex-

cised and colonic contents were examined.  

  Immunological investigations: Levels of 

cytokines IL-6, IL-10 & TNF-α were meas-

ured by sandwich ELISA (R&D systems 

Inc.) and expressed as pg/mL, (Baqai, 1996). 

  Histopathological study: Large intestine 

and liver were fixed in 10% neutral buffered 

formalin, sections, stained by hematoxylin 

and eosin (H&E) and then examined by light 

microscopy (Tzipori et al, 1981). 

  Ethical considerations: Studies of the ex-

perimental animal were conducted in ac-

cordance with international valid guidelines 

and they were maintained under convenient 

conditions at the SBSP animal house of 

TBRI. 

   Statistical analysis: Data were analysed by 

Statistical Package for Social Sciences 

version 23 (copyright by IBM SPSS soft-

ware, US). Two-ways ANOVA was applied 

to test the effect of treatment, dosage and 

their interaction on the studied parameters of 

experimental mice. Post hoc ANOVA (least 

significant difference, LSD & Duncan’s test 

of homo-geneity) tested differences and 

similarities between groups, respectively. 

Correlation coefficient and regression anal-

yses were used to fit the relationships bet-

ween the studied variables. The data were 

expressed as a mean ± standard error (SEM). 
 

Results  
   The results are shown in tables (1, 2, 3 & 

4) and figures (1 to 15). 
 

Table 1: Effect of treatment (venom, CS nanoparticles and BV loaded CS nanoparticles), dose (single & double) and cysts 

number in intestine and stool of mice. 

 
P > 0.05: insignificant effect; P<0.05, P<0.01 and P<0.0001: significant effect at α= 0.05, 0.01 and 0.0001, respectievly. SS: 

Sum of squares, df: degree of freedom, MS: mean of squares. MS= SS/df; Fcalculated=MSfactor/MSerror. 
 

 

 

Parameter Source SS df MS Fcalculated P-value 

Cyst in intestine  

 

 

 

Cyst in stool 

Treatment 396.542 2 198.271 74.937 <0.0001 

Doses 93.521 1 93.521 35.346 <0.0001 

Treatment * Doses 

Error 

Treatment 

29.292 

111.125 

2322790 

2 

42 

2 

1 

14.646 5.535 <0.01 

2.646 

1161395 3952.684 <0.0001 

<0.0001 Doses 221544.2 221544.2 754.002 

Treatment * Doses 22497.13 2 11248.56 38.283 <0.0001 

Error 12340.63 42 293.824   
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Table 2: Effect of treatment (venom, CS nanoparticles and BV loaded CS nanoparticles), dose (single & double) and their 

interactions on levels of IL-10, IL-6 and TNF- α in the serum of mice. 
 

 
P > 0.05: insignificant effect; P<0.05, P<0.01 and P<0.0001: significant effect at α= 0.05, 0.01 and 0.0001, respectievly. SS: 

Sum of squares, df: degree of freedom, MS: mean of squares. MS= SS/df; Fcalculated=MSfactor/MSerror 

Table 3: Number of cysts in intestine and stool of mice. 

 
*, ♦: Significant difference, at α=0.05, in comparison to corresponded normal and infected groups, respectively. In each col-

umn, mean values marked with same superscript letter similar (insignificant, P>0.05), with different ones significantly dif-

fered (P<0.05). 

Table 4: Levels of IL-10, IL-6 and TNF- α in the serum of mice. 

Treatment Doses IL-10 IL-6 TNF-α 

Normal  124.49 ± 8.17 136.30 ± 11.76 150.95 ± 15.49 

Infected  555.95 ±40.72* 583.43 ± 24.21* 620.37 ± 20.54* 

BV Double 205.34 ± 10.41BCD*♦ 160.91 ± 16.51A♦ 225.91 ± 39.72AB♦ 

 Single 259.38 ± 14.02DE*♦ 310.92 ± 22.58C*♦ 301.31 ± 35.41BC*♦ 

CS nanoparticles Double 228.02 ± 17.07CD*♦ 236.04 ± 10.58B*♦ 250.50 ± 27.59ABC♦ 

 Single 315.34 ± 28.48E*♦ 315.59 ± 25.43C*♦ 345.33 ± 74.86C*♦ 

BV loaded CS nanoparti-

cles 

Double 149.69 ± 10.30AB♦ 160.78 ± 12.03A♦ 185.52 ± 19.60AB♦ 

 Single 177.80 ± 14.04ABC♦ 190.79 ± 15.67AB*♦ 238.20 ± 31.65ABC♦ 

 
 

Discussion 
   In the present study, TEM images of the 

nanoparticles have shown the morphology 

and surface appearance of nanoparticles. 

Nanoparticles have smooth surface and 

spherical shape. The size range of prepared 

nanoparticles was about 90-140nm. The av-

erage diameter size, measured by Zetasizer, 

of CS nanoparticles and BV loaded CS na-

noparticles was 117nm and 161nm, respec-

tively. The PDI value of CS nanoparticles 

was 0.313 while PDI value of BV loaded CS 

nanoparticles was 0.334, and so indicating a 

favorable and narrow particle size distribu-

tion (Zolfagharian et al, 2012), and relative-

ly homogeneous dispersion (PDI < 0.5). 

The results of particle size obtained by 

Zetasizer showed that BV loaded CS nano-

Parameter Source SS Df MS Fcalculated P-value 

IL_10 

 

 

 

IL_6 

 

 

 

TNF- α 

Treatment 95485.88 2 47742.94 20.932 <0.0001 

Doses 38293.48 1 38293.48 16.789 <0.0001 

Treatment * Doses 7047.599 2 3523.799 1.545 >0.05 

Error 

Treatment 

Doses 

Treatment * Doses 

Error 

Treatment 

Doses 

95797.28 

81141.43 

89834.44 

29093.69 

108149.2 

60048.3 

66256.18 

42 

2 

1 

2 

42 

2 

1 

2280.888 

40570.72 

89834.44 

14546.84 

2574.981 

30024.15 

66256.18 

15.756 

34.887 

5.649 

<0.0001 

<0.0001 

<0.01 

2.128 

4.695 

>0.05 

<0.05 

Treatment * Doses 3559.916 2 1779.958 0.126 >0.05 

Error 592683.4 42 14111.51   

 

Treatment Doses Cyst in intestine Cyst in stool 

Normal  0.00 ± 0.00 0.00 ± 0.00 

Infected 51.13 ± 2.58
* 

5581.25 ± 17.59
* 

BV Double 8.13± 0.52
B*♦ 

724.50 ± 9.83
C*♦ 

 Single 13.13 ± 0.91
C*♦ 

803.38 ± 2.28
D*♦ 

CS nanoparticles Double 9.00 ± 0.71
B*♦ 

863.50 ± 6.64
E*♦ 

 Single 10.75 ± 0.31
BC*♦ 

1008.50 ± 5.08
F*♦ 

BV loaded CS nanoparticles Double 3.38 ± 0.26
A*♦ 

315.88 ± 3.82
A*♦ 

 Single 5.00 ± 0.46
A*♦ 

499.63 ± 5.82
B*♦ 

 

B B 
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particles have larger size than CS nanoparti-

cles, possibly because of the large size and 

molecular weight of protein, venom adsorp-

tion on nanoparticles surface during incuba-

tion period and negligible increase of viscos-

ity by venom during loading of nanoparti-

cles (Gan and Wang, 2007). 

   In this study values of zeta potential for 

CS nanoparticles and BV loaded CS nano-

particles were 35.2 and 31.2 mV, respective-

ly (figure3). These results showed that load-

ing of BV slightly decreased the particle’s 

zeta potential. It was proposed that BV at-

tachment with long CS chain is less spread 

and does not occur in uniform way. CS mol-

ecules are supposed to have a diffuse con-

formation in solution due to electrostatic re-

pulsion force between the amine groups of 

CS molecule. Carboxylic groups on the sur-

face of protein molecules created hydrogen 

bonds with amine groups existing at certain 

parts of CS chain while maintaining a com-

pact 3-D structure at pH 5.4. So, inner hy-

drophobic core of protein molecules re-

mained unchanged (Mao et al, 2001). It is 

supposed that BV engagement with CS mol-

ecules could not greatly suppress the posi-

tive charge of CS molecules. There could 

still be a high proportion of unoccupied free 

amino groups on the CS chain (Gan and 

Wang, 2007), and it can be concluded that 

zeta potential of CS and BV loaded CS na-

noparticles can affect their stability in sus-

pension through electrostatic repulsion be-

tween particles (Mohammadpour Dounighi 

et al, 2012). 

   FTIR was used to assess the formation of 

BV loaded CS nanoparticles by ionic gela-

tion method and to determine BV-CS inter-

actions (Mohammadpour Dounighi et al, 

2012). FTIR spectra of CS matrix, CS nano-

particles and BV loaded CS nanoparticles 

illustrated (Figs. 4-6). CS was characterized 

by three peaks (Sharma and Sharma, 2013), 

the strong and wide peak at 3500-3300 cm-1 

corresponds to hydrogen-bonding stretching 

(O-H) (Yu et al, 1999), the peak of ν (NH2) 

at around 1633cm-1, and the peak of C-O-C 

the asymmetric stretch was found at about 

1150\cm-1 (Zolfagharian et al, 2012). In CS 

nanoparticles the relative intensity of the 

peak at 3438 cm-1 increased indicating that 

the hydrogen bonding was enhanced. More-

over, since protein molecules are consisted 

of amino acids that interact with each other 

to produce a well-defined three-dimensional 

structure (folded protein) which is affected 

by different solution conditions, the interac-

tion of such protein molecules with cationic 

CS chain and, consequently, their encapsula-

tion may become difficult depending on the 

3-D conformation and conditions of the so-

lution. TPP acts as cross-linker and forms 

further hydrogen bonds with amine groups 

on both CS and BV molecules resulting in 

more compact protein-CS nanoparticles. 

Additional adsorption of BV molecules on 

surface of formed nanoparticles might occur 

in sequence leading to more protein loading 

on particles (Gan and Wang, 2007). 

Also, in CS nanoparticles the peak for N-H 

bending vibration at 1633 cm-1 shifted to 

1562 cm-1 and a new sharp peak appeared at 

1642 cm-1. The peak at 894 cm-1 corre-

sponds to the saccharide structure of CS 

(Silverstein et al, 2005). FTIR spectrum is 

consistent with the result of CS film modi-

fied by phosphate, thus it is supposed that 

there was interaction between phosphoric 

and ammonium ion (Knaul et al, 1999). So, 

the phosphate groups of TPP were linked 

with amino groups of CS in nanoparticles 

(Sharma and Sharma, 2013). 

   Encapsulation of BV within nanoparticles: 

The results showed that encapsulation effi-

ciency increased by increasing BV concen-

tration. The optimum encapsulation efficien-

cy (93.3%) was observed for nanoparticles 

prepared at CS concentration of 2 mg/ml and 

BV concentration of 550μg/ml. The interac-

tions between CS and BV and cross linking 

of CS with TPP &BV led to positive correla-

tion between BV concentration and encapsu-

lation efficiency. Studies on the effect of the 

protein concentration on encapsulation effi-

ciency were inconclusive and sometimes 
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contradictory (Zolfagharian et al, 2012). 

This data agreed with both Mohammadpour 

Dounighi et al. (2010) and Avadi et al. 

(2010), but was in contrast with Xu and Du. 

(2003), who reported opposite results on 

Bovine serum Albumin (BSA) encapsulation 

at pH 6.0 and the same trend was also re-

ported by Sabnis and Block (2000) and 

Somnuk et al. (2011) for α-Lactalbumin, 

cytochrome C and ribonuclease A. 
 

   In vitro release of BV loaded CS nanopar-

ticles was evaluated by using nanoparticles 

prepared at optimum conditions (2mg/ml CS 

& 550μg/ml of BV concentration). The pro-

file of release exhibited a burst releases 

more than 50% in the first 5 h.  This fast 

burst effect in the first few hours was the 

dissociation of protein molecules which 

were loosely bound to surface of CS nano-

particles (Amidi et al, 2006). The nanoparti-

cles with huge specific surface adsorbed the 

venom causing in fast release of venom in 

the early few hours and subsequent release 

the slow degradation of nanoparticles led to 

release of entrapped venom with a constant 

rate (Zolfagharian et al, 2012).  

        In the present study, the different factors 

(i.e. treatments, doses and interaction be-

tween treatments and doses) were signifi-

cantly affected E. histolytica cysts number in 

intestine and stool of experimental mice as 

well as the level of serum cytokines (IL-6, 

IL10 & TNF- α). 

   In this study, number of cysts in intestine 

and stool was significant higher than number 

of cysts in treated mice as well as in the con-

trol mice. The mice treatment with BV, CS 

nanoparticles and/or BV loaded CS nanopar-

ticles caused non-significant decrease in 

number of cysts in intestine and stool com-

pared to infected group with the lowest 

count of cysts in intestine and stool recorded 

in the group treated with BV loaded CS na-

noparticles given at double dose.  

   In the present work, the levels of cytokines 

(IL-6, IL-10 and TNF- α) in the infected 

mice group are much higher than levels of 

cytokines in the treated mice groups. But, 

cytokines levels in treated groups were 

slightly higher than the normal mice. The 

highest reduction in the levels of cytokines 

was among the treated mice groups observed 

in the mice group treated with BV loaded 

CS nanoparticles given at double dose.  

   In the present study, there was a strong 

positive correlation between the number of 

cysts in stool and their number in intestine in 

some mice groups (e.g. group 3, 4) however, 

there is a week correlation between these 

parameters in others (e.g. group 2, 5). There 

were positive correlations between IL-6 and 

IL-10 and strong correlations (positive/ neg-

ative) between TNF-α with both IL-6 & IL-

10, which correlated between different pa-

rameters among mice groups related to dif-

ferent immune status and heath conditions. 

   In the present study, injecting BV subcu-

taneously led to significant reduction in E. 

histolytica in intestine and stool due to the 

fact that BV is potent anti-protozoal biogen-

ic agent. Also, it is important to mention that 

there is a significant difference in the reduc-

tion of counts of cysts and levels of cyto-

kines between treatment with BV and treat-

ment with BV loaded CS nanoparticles as 

the later led to higher reduction in these pa-

rameters as BV alone. So it can be conclud-

ed that CS nanoparticles have efficient ca-

pacity to deliver BV and to facilitate the 

elimination of amoebiasis. Moreover, un-

loaded CS nanoparticles resulted in good 

results on the count of cysts and the levels of 

cytokines with zero mortality in mice thus it 

can be deduced that CS nanoparticles have 

no toxicity on experimental mice. 

   Histophathological results indicated that 

G2 (infected control mice) showed extensive 

intestinal inflammation, degeneration of the 

intestinal mucosa and presence of marked 

liver abscess, G3 (infected mice treated with 

BV twice for one week) showed moderate 

intestinal inflammation, regeneration and 

healing of intestinal villi and normal liver, 

G4 (Infected mice treated with BV once a 

week for two weeks) showed intestinal in-

flammation more than G3, degeneration and 
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healing in intestinal villi and liver abscess, 

G5 (infected mice treated with CS nanopar-

ticles twice for one week) showed marked 

intestinal inflammation, regeneration of in-

testinal villi and normal liver, group6 (in-

fected mice treated CS nanoparticles once a 

week for two weeks) showed marked intes-

tinal inflammation, partial degeneration and 

healing of intestinal villi and liver necrosis, 

G7 (infected mice treated with BV loaded 

CS nanoparticles twice for a week) showed 

complete healing in intestinal villi and nor-

mal liver  and G8 (infected mice treated BV 

loaded CS nanoparticles once a week for 

two weeks) showed regeneration and healing 

in intestinal villi and normal liver. Histo-

pathological examination revealed complete 

healing in G8 treated with BV loaded CS 

nanoparticles twice for one week. This indi-

cates that the best result for the elimination 

of amoebiasis in the mice treated with BV 

loaded CS nanoparticles given twice for one 

week and when BV, CS nanoparticles and 

BV loaded CS nanoparticles were given at 

double dose (twice for one week) they re-

sulted in better effects than when single dose 

(once a week for two weeks).  
Conclusion 

   In this study, BV loaded CS nanoparticles 

were prepared successfully based on ionic 

gelation method. FTIR spectra indicate that 

there was cross linking between CS mole-

cules and TPP anions, and favored size dis-

tribution and good dispersion. Also, CS na-

noparticles showed acceptable encapsulation 

efficiency of 93.3% for BV. Thus, CS nano-

particles can be considered as a promising 

delivery system of BV in an effective way. 

As well as  results of the effect of BV, CS 

nanoparticles and BV loaded CS nanoparti-

cles on amoebiasis in mice indicated that BV 

has anti-amoebic effect and BV loaded CS 

nanoparticles proved more successful in 

treating amoebiasis than BV alone. 
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Fig. 1: TEM image of CS nanoparticles (A) and BV loaded CS nanoparticles (B). (CS: 2 mg/ml; BV: 550 μg/ml). 

 
Fig. 2: Size analysis of CS nanoparticles (A) and BV loaded CS nanoparticles (B). 
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Fig. 3: Z potential of CS nanoparticles (A) and BV loaded CS nanoparticles (B). 

 
 

Fig. 4: FTIR spectrum of CS matrix. 
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Fig. 5: FTIR spectrum of CS nanoparticles. 

 
Fig. 6: FTIR spectrum of BV loaded CS nanoparticles. 

 
 

Fig. 7: Influence of BV initial concentration on encapsulation efficiency (CS: 2 mg/ml; TPP: 1 mg/ml).  
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Fig. 8: In vitro release behavior of BV loaded CS nanoparticles (CS: 2 mg/ml, BV: 550μg/ml). 

 

 

Figure9: graphical illustration for the difference in number of cysts in intestine (A) and stool (B) among mice groups. 

 
Fig. 10: Graphical illustration for differences in levels of IL-10 (A), IL-6 (B) and TNF- α (C) among mice groups. 
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Fig. 11: Correlation between number of cysts in stool and number of cysts in intestine among mice groups. 

 
Fig. 12: Graphical illustration for correlation between levels of IL-6 and IL-10, IL-6 and TNF- α, IL-10 and TNF- α in mice groups(2-5). 
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Fig. 13: Graphical illustration for correlation between levels of IL-6 and IL-10, IL-6 and TNF- α, IL-10 and TNF- α in mice groups (6-8). 

 

 
 

Fig. 14: Histopathological study for intestine of eight mice groups (X40). 
 

 
Fig. 15: Histopathological study for liver of mice groups (X40). 

 

 


