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 Blastocystis is an anaerobic parasite that was identified as the most common eukaryotic organism 
reported in human fecal samples. Data on treatment options signifies that efficacious antimicrobi-
al eradication of Blastocystis spp. is still far from straight forward. As well as Metronidazole, has 
shown some resistance. The study evaluated chitosan and chitosan Nano particles against Blasto-
cystis in vitro. Blastocystis species in stool samples were cultured. Culture tubes were divided in-
to three groups: Chitosan, Chitosan Nano particles and Metronidazole (reference drug), and posi-
tive control. Different criteria were used to evaluate the tested drugs on Blastocystis and assessing 
the viability before and after treatment by the use of Neutral red stain and recording structural 
changes. Also, TEMand the single cell gel electrophoresis (SCGE)/comet assay were used. 
   The results showed a direct relation between increase in the concentration of Chitosan and Chi-
tosan nano-particles and exposure time and increase in the mortality rates. TEM showed morpho-
logical damage when exposed to tested drug, Comet assay showed direct relationship between the 
increase in the dose of Chitosan Nano particles NPs and the degree of DNA genotoxic destruc-
tion. 
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Introduction 
Blastocystis spp. is an anaerobic parasite 
that inhabits the intestinal tract of humans 
and a wide range of animals. This emerging 
parasite with a worldwide distribution is of-
ten recognized as the most common eukary-
otic organism reported in human fecal sam-
ples, and its prevalence has shown a dra-
matic increase in recent years (Shirvani et 
al, 2020).  Blastocystis prevalence is higher 
in developing countries. In Egypt, preva-
lence rates, up to 67.4% were reported in 
humans (El-Badry et al, 2018). The non-
specific symptoms of Blastocystis infection 
involve diarrhea, abdominal pain, fatigue, 
constipation, flatulence, and skin rash (Yak-
oob et al, 2004), but this parasite may also 
show an important role in numerous chronic 
gastrointestinal illnesses such as irritable 
bowel syndrome (Jones et al, 2009). 
Despite such widespread of this intestinal 
protozoan, current knowledge about this 
parasite is incomplete and contradictory, in-

cluding the use of available treatment op-
tions (Clark et al, 2013). Blastocystis is de-

have been existing for several decades 
(Boorom et al, 2008). An accumulating data 
on treatment options denotes that efficacious 
antimicrobial eradication of Blastocystis 
spp. is still far from straight forward (Sekar 
et al, 2013), hence, the importance of re-
search on another treatment option. As well 
as Metronidazole, the drug of choice has 
shown some resistance, lack of compliance 
from the patients and also taken for a long 
period of time. Also, pancreatitis, central 
nervous system toxicity at higher doses and 
alterable neutropenia were reported, which 
indicated alternative therapies of Blastocys-
tosisis (El-Sayed et al, 2017). 
Chitosan is a linear polysaccharide derived 
by the deacetylation of chitin and is made by 
treating the chitin shells of shrimp and other 
crustations with an alkaline substance such 



 
 

as sodium hydroxide (Lim et al, 2021).  Chi-
tosan attracted great interest due to its wide 
range of antimicrobial and antifungal activi-
ty and reduced toxicity to mammalian cells 
(Said et al, 2012).   
Nanoparticles are new promising drug carri-
ers that proved to be effective in treating 
many parasitic diseases through overcoming 
the poor cellular permeability, nonspecific 
distribution, low bioavailability, and rapid 
elimination of anti-parasitic agents from the 
body  (Sun et al, 2019; Younis et al, 2020).  
   This study aimed to evaluate the chitosan, 
and a combination of chitosan nanoparticle 
on the ultrastructure of Blastocystis spp. in 
vitro versus the drug of choice metronida-
zole using vital stain, transmission electron 
microscopy and comet assay. 

Materials and Methods 
   This study was carried out in the Diagnos-
tic and Research Unit of Parasitic diseases, 
Medical Parasitology Department (DRUP), 
the Biochemistry and Molecular Biology 
Unit, Faculty of Medicine, and department 
of Parasitology, Faculty of Veterinary Medi-
cine, Cairo University.  
   Stool samples were examined for Blasto-
cystis and excluding other parasites, Culture 
of stool samples to confirm the diagnosis, to 
study the different morphological forms of 
Blastocystis and to amplify Blastocystis or-
ganisms for subsequent use in the study and 
calculating the number of viable organisms 
in cultivated samples. 
Subsequently Blastocystis in culture was 
exposed to different materials and the effi-
cacy of these materials on Blastocystis was 
tested by using Transmission electron mi-
croscopic (TEM), single cell gel electropho-
resis (SCGE)/ comet assay. 
Stool Samples were collected in dry clean 
wide mouth plastic containers with tight fit-
ting lids and containing no preservatives. 
Specimens were kept free from contamina-
tion by urine or water. For safety, containers 
were put in plastic bags and were carefully 
transferred shortly after collection to the 
Parasitology department laboratory. Samples 

were examined within 1-2 hrs after being 
provided by the patient, if not, the specimen 
was excluded and not examined. All accept-
ed stools samples were subjected to macro-
scopic examination and microscopic exami-
nation by using direct wet smear and Formol 
ether concentration technique. Blastocystis 
was identified depending on its taxonomic 
characters.  
   In the present study, measurement was 
done for 25-50 stages/sample and after cul-
tivation. The whole size was allocated into 
the three size range. The cyst size was di-
vided into three groups; small sized group 
ranging from 1-10 , Medium sized group 
ranged from 11-  and large size was 
bigger than 21 . Mean size of each group 
was calculated and percentage of each was 
examined culture and considered in the 
whole study. 
In- e-
dium for stool samples proved to be positive 
for Blastocystis only and other parasites- 
free.  Positive samples were cultured in 5ml 

sample collection. Culture tubes were incu-
bated at 37°C with daily examined for 72 
hours. Culture tubes were considered nega-
tive if no parasite was detected after 72hr of 
culture and incubation. Culture tubes were 
considered suitable for the drug assessment 
when parasites exceeded 1×103/ml vacuolar 
forms. 
   Quantitative assessment of Blastocystis 
cultures was done by using Neutral red 
(Vdovenko and Williams, 2000). Cells con-
sidered viable when they appeared with their 
morphological criteria with the thin rim of 
cytoplasm and peripheral nuclei and stained 
red. Number of viable Blastocystis per 25 
organisms was counted. Five readings were 
taken and the average was obtained. The 
cultures of 70% vitality were used. Viable 
cultures were transferred to suitable tested 
tubes, the supernatants were removed by 
sedimentation and the chemicals were added 
to each tube (in triplicate). The tube was ex-
posed to continuous agitation and under the 



 
 

end of exposure time. Stocks of drugs with 
different concentrations were prepared and 
dissolved in distilled water (Zaki et al, 
2022).  
   Culture tubes were divided into 4 groups 
each with 3 tubes. GA: Positive control (not 
treated). GB: Parasites and chitosan treated 
with concentrations: 10, 25, 50, & 100 / 
ml. GC: Parasite treated with nano-chitosan 
at concentrations: 10, 25, 50, & 100 /ml. 
GD: Parasite treated with Metronidazole as 
150 l. All tubes were incubated at 37°C 
and examined after 1hr, 3hrs, 6hrs, 12hrs & 
24hrs. Treatment period of at least 1hr was 
used in previous standardized studies and 
had shown that this period is needed to in-
duce the cytotoxic effect in Blastocystis.  
At the end of each exposure time, the super-
natant of the tubes containing the tested drug 
were removed out by centrifugation 1500 
rpm for 3 min. The samples were washed 3 
time using PBS & sedimented by centrifuga-
tion again, then Neutral red was added for 
the previously exposed sample, to test via-
bility of Blastocystis. 
   Growth inhibition% was calculated: a-b/a 
x100. Where (a) was the mean number of 
parasites in control cultures and (b) was the 
mean number of parasites in treated cultures.  
   Calculations of LD50, LD100: Median lethal 
dose that killed 50% of the exposed parasite 
and median lethal dose that killed 100% 
were taken into consideration to determine 
each drug efficacy. Lethal concentration was 
determined by the mortality curve for each 
concentration Adetunji et al, 2022). After 
recording the mortality rate in each exposure 
time, it was designed; LD50 & LD100 were 
obtained in graph. 
   To investigate the adverse effects of  drugs 
on Blastocystis; good samples of cysts were 
exposed to drug different concentrations, 
and positive control samples were prepared 
for TEM inspection in lab FA-CURP, Facul-
ty of Agriculture, Cairo university research 
park (Graham et al, 2007). 
   Comet assay was done to Blastocystis ex-
posed to different concentrations of chitosan 

nano, metronidazole and positive control 
was done at the Animal Reproduction Re-
search Institute (Giza, Egypt). DNA damage 
assessment was by using comet assay to in-
vestigate DNA damage in exposed Blasto-
cystis. The damage was assessed in groups 
exposed to varying drug concentrations and 
in a control group that was not exposed. The 
DNA of Blastocystis was analyzed using 
Comet 5 image analysis software under a 
40× fluorescent microscope. (Kinetic Imag-
ing, Ltd., Liverpool, UK) . 
Statistical analysis: Data were expressed as 
mean± standard deviation (mean ± SD). 
Graph drawings were done using Excel 
Software 2013, data were analyzed by using 
(ANOVA), the difference was considered 
significant when p<0.05 using SPSS 
27(IBM.NY, USA)  

 
   Control positive sizes were 4-10  (6.67± 
1.33), 11-20  (15.66±2.32) & 22-31  
(26.3±2.4), small, medium & large. No cysts 
mortalities were recorded in exposed to con-
centrations lower than CNPS 10µg/ml.  
   Blastocystis exposed to CNPS at 10µg/ml 
caused mean mortality rate of 81.33% after 
24 hrs, but at 100µg/ml of CNPS caused 
mortality rate of 99.33% after 24 hrs. Its ex-
posed to CNPS 100µg/ml. caused increase 
in mortality rate of 74.33%, 77.33%, 85% & 
92% after 1, 3, 6, 12 & 24hrs exposure res-
pectively. CNPS 50µg/ml increased mortali-
ty rate from 61.66% to 91.33% after 1hr & 
24hrs respectively. Blastocystis exposed to 
chitosan 25µg/ml showed mortality rate of 
38%, 59%, 71.66%, 76.33% & 81.33% after 
1, 3, 6, 12 & 24hrs ET, respectively. At 50-
µg/ml increased mortality rate from 51.66% 
after 1hr ET to 85.66% after 24hrs ET. Exp-
osed to 10µg/ml chitosan, mortality rate was 
21% after 1hr ET, at 25µg/ml was 26.33%, 
at 50µg/ml rate was 34.33% and 45.33% at 
100µg/ml.   
   Blastocystis exposed to 6hrs chitosan at 10 
to100µg/ml, mortality rates increased from 
50% to 85.33% and after 24hrs increased 
from 83.66% to 98.66% when exposed to 10 



 
 

µg/ml & 100µg/ml respectively. The LD50 
& LD100 sizes decreased versus susceptibil-
ity decreased, mainly in large cysts. 
   TEM: Blastocystis in positive control sho-
wed that vacuolar form was round or oval in 
shape with a central vacuole and thin rim of 
cytoplasm with a nucleus of a crescent band 
of electron opaque material at one pole. In 
treated cultures drug caused changes when 
exposed to 100µg/ml after 24hrs by CNPS 
led to cytoplasmic vacuoles with necrotic 
cells and disruption of normal morphology 
with outer surface alteration. Also, plasma 
membrane ruptured with loss of all contents 
led to electric density and central vacuole 
membrane destruction. 
   Single cell gel electrophoresis/comet ass- 
ay: DNA destroyed Blastocystis different 
cysts size exposed to chitosan NPs 10µg/ml,  
chitosan NPs 100µg/ml for 24hr versus met- 

ronidazole 150 l and positive control. 
DNA damaged Blastocystis exposed to chit-
osan NPs different concentrations after 24hr 
& positive control in blank RPMI media, 
showed a relationship between the CNPS 
increased dose and DNA degree of genotox-
ic destruction. The damage was presented by 
various DNA in tail segment at 20.76% with 
CNPS 100µg/ml. Tail length was 8.49
positive control, and 12,13 when subject-
ed to chitosan NPs 100µg/m. Tail moment 
var  positive control to 

chitosan nano-particles 10µg/ 
ml with CNPS 100µg/ml & 1.18 

ronidazole 150 l. Olive tail 
moment was by migration of DNA fragm- 
ents ranged from 0.946 with positive control 
to 1.7 with metronidazole 150 l.  
   Details are shown in tables (1, 2, 3, 4, 5, 6, 
7, 8 & 9) and figures (1, 2, 3, 4, 5, 6 & 7). 

 

 

Table 1: Growth inhibition efficacy of CNPS on Blastocystis sizes (42% large, 31% medium, & 27% small). 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

 

Table 2: Growth inhibition efficacy of CNPS on Blastocystis sizes (17% large, 20% medium & 63% small) 
Tested dose 1 hr.  3 hrs. 6 hrs. 12 hrs. 24 hrs. 
10µg/ml C1 32±1.4 35±1.6 41±1.9 50±0.9 62±1.5 

C2 29±2.6 36±0.6 39±4.5 49±1.7 64±3.3 
C3 28±0.8 33±2.5 37±3.2 54±2.25 65±5.7 

Mean  33.66±1.6 34.66±1.56 39±3.2 51±1.61 63.66±3.5 
25µg/ml C1 40±0.2 59±4.6 65±0.9 79±0.46 85±5.5 

C2 42±2.5 58±0.46 64±5.5 77±4.5 86±4.1 
C3 39±1.5 59±1.2 65±2.7 78±1.9 87±3.5 

Mean  45.33±1.4 58.66±2.08 64.66±3.03 78±2.28 86±4.36 
50 µg/ml 
 
 

C1 55±5.7 63± 0.6 72 ± 1.7 83 ± 0.9 92 ± 0.7 
C2 54±3.8 65±1.9 69±3.3 81±3.3 92±2.8 
C3 57±0.6 66±2.25 69±2.4 85±0.3 90±5.4 

Mean  61.66±2.43 64.66±1.58 70±2.46 83±1.5 91.33±2.96 
100 µg/ml 
 
 

C1 70± 0.3 79 ± 1.3 85 ± 0.9 92 ± 2.8 95±1.4 
C2 71± 2.8 76±2.8 84±3.3 93±0.7 96±2.8 
C3 69±1.6 77±0.5 83±1.4 91±3.4 96±1.7 

Mean  74.33±3.36 77.33±1.53 85±1.86 92±2.3 95.66±1.96 
Metronidazole 150 l 18.92 62.65 70 100 100 
Control group  2 5 6 7 10 

Tested dose 1 hr. 3 hrs. 6 hrs. 12 hrs. 24 hrs. 
10µg/ml C1 35±0.4 40±2.9 48±1.8 70±4.2 82±3.2 

C2 33±1.6 39±3.1 45±2.3 70±3.7 79±1.7 
C3 33±2.8 38±0.8 46±1.5 72±1.9 79±0.5 

Mean  33.66±1.6 39±2.67 46.33±1.86 70.66±3.26 80±1.8 
25µg/ml C1 45±1.2 70±1.8 79±3.9 87±1.2 94±3.2 

C2 47±3.5 69±2.6 76±2.4 89±2.8 93±2.5 
C3 44±2.5 70±3.2 81±4.2 90±0.8 91±1.3 

Mean  45.33±2.4 69.66±2.53 78.66±3.5 88.66±1.6 92.66±2.33 
50 µg/ml 
 
 

C1 61±1.7 79± 3.9 86 ± 2.9 90 ± 1.8 97 ± 2.6 
C2 64±3.3 78±4.2 88±4.3 91±3.3 95±1.7 
C3 60±2.3 76±1.2 88±3.89 89±0.5 95±3.4 

Mean  61.66±2.43 77.66±3.1 87.33±3.69 90±1.866 96.33±2.56 
100 µg/ml 
 
 

C1 74± 1.3 83 ± 3.6 88 ± 1.45 94 ± 2.3 98±1.9 
C2 76± 2.5 86±1.25 96±3.7 93±1.2 98±0.7 
C3 73± 3.6 85±2.56 92±2.9 95±0.9 100±2.46 

Mean  74.33±2.46 74.66±2.47 92±2.68 94±1.466 98.33±1.68 
 18.92 62.65 70 100 100 

Control group  2.5 4 6 6 15 



 
 

Table 3: Growth inhibition efficacy of CNPS on Blastocystis sizes (67% large, 20% medium, &13% small) 
Tested dose 1 hr.  3 hrs.  6 hrs. 12 hrs. 24 hrs.  
10µg/ml C1 38±3.7 43±0.8 54±0.5 77±5.7 84±1.5 

C2 39±0.5 46±1.25 55±2.8 76±2.6 80±5.5 
C3 37±1.6 45±3.5 59±5.5 75±0.5 80±4.3 

Mean  33.8±1.93 44.66±1.85 56±2.93 76±2.93 81.33±3.76 
25µg/ml C1 48±0.7 72±5.5 83±1.4 88±0.5 95±4.3 

C2 49±1.8 72±1.9 86±3.8 88±3.7 95±1.6 
C3 48±0.9 74±0.67 84±5.6 91±4.8 92±2.8 

Mean  48.33±1.13 72.66±1.02 84.33±3.6 89±3 94±2.9 
50 µg/ml 
 
 

C1 67±0.8 84± 1.6 89 ± 1.5 92± 4.9 96± 1.6 
C2 68±2.5 83±2.4 90±3.2 93±2.2 98±2.8 
C3 68±3.5 84±5.4 90±1.45 92±1.9 97±5.9 

Mean  67.66±2.26 83.66±3.13 89.66±2.05 92.33±3 97±3.43 
100 µg/ml 
 
 

C1 79± 2.6 85 ± 5.25 90 ± 0.5 96± 5.5 99±3.7 
C2 79± 1.7 88±0.5 96±2.8 96±4.3 100±4.8 
C3 77± 2.8 88±1.67 94±3.4 98±1.3 100±1.6 

Mean  78.33±2.36 87±2.47 93.33±2.23 96.66±3.7 99.66±3.36 
l 18.92 62.65 70 100 100 

Control group  2.5 4 6 6 15 
 

 

Table 4: Growth Inhibition efficacy of chitosan on Blastocystis different sizes (30% large, 35% medium, & 35 % small) 

 

Table 5: Growth inhibition efficacy of Chitosan on Blastocystis sizes (12% large, 22 % medium,  &66% small). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 

Tested dose 1 hr. 3 hrs. 6 hrs. 12 hrs. 24 hrs. 
10 µg/ml C1 30±2.7 35±3.5 40±0.4 65±4.2  75±3.2 

C2 31±1.8 33±1.6 44±1.8 63±1.7  74±2.7  
C3 31±0.5 32±2.46 44± 2.9 62±2.9  73±1.5  

Mean  30.66±1.66 33.33±2.52 42.66±1.7 63.33±2.93 74±2.47 
25 µg/ml C1 39±1.2 60±1.8 73±3.9 78±3.2  80±4.2  

C2 37±3.5 59±2.6  72±2.4  75±4.8  83±2.5 
C3 38±4.2 58±3.2  70±1.2  76±5.2  81±1.3  

Mean  38±2.96 59±2.5 71.66±2.5 76.33±4.4 81.33±2.66 
50 µg/ml C1 51±1.7 69± 4.9 75 ± 0.9  80 ± 0.8 87 ± 4.6 

C2 54±3.3 68±1.2  76±4.3  81±2.3  85±1.7 
C3 50±5.3 66±2.5 72±1.89  79±4.5 85±5.4  

Mean  51.66±3.43 67.66±2.86 74.33±2.36 80±2.53 85.66±3.9 
100 µg/ml C1 64±1.3 73 ± 2.6 78 ± 3.45 84 ± 4.3 94±1.9 

C2 66±2.5 72±4.25  77±1.7 85±1.2  96±1.7 
C3 63±5.6 70±1.56  75±4.9 86±0.9  97±3.46 

Mean  64.33±3.13 71.66±2.8 76.66±3.35 85±2.13 95.66±2.35 
 18.92 62.65 70 100 100 

Control group  2.5 4 6 6 15 

Tested dose 1 hr. 3 hrs. 6 hrs. 12 hrs. 24 hrs. 
10 µg/ml C1 22±1.3 29±0.6 33±2.8 54±0.7  64±4.8 

C2 20±5.4 27±2.5 33±5.4 51±5.6  66±5.5  
C3 21±0.25 26±4.6 34± 3.7 52±3.5  63±2.8  

Mean  21±2.31 27.33±2.56 33.33±3 52.33±3.26 64.33±4.36 
25 µg/ml C1 26±0.9 35±4.6 52±1.5 66±3.2  70±1.7  

C2 27±5.7 39±1.3 53±0.5  65±4.8  72±0.6 
C3 26±3.5 38±2.25  52±3.3  66±5.2  73±3.4  

Mean  26.33±3.36 37.33±2.71 52.33±1.76 65.66±4.4 71.66±1.9 
50 µg/ml C1 31±5.0 46± 0.45 63±1.7 70±1.0 77±1.5 

C2 34±6.5 48±5.5  64±3.5  71±5.2  75±2.8 
C3 38±2.6 46±3.2 61±4.9  69±0.3 75±3.2  

Mean  34.33±4.7 46.66±3.05 62.66±3.36 70±2.16 75.66±2.5 
100 µg/ml C1 44± 0.6 53 ± 1.4 68 ± 2.5 74±5.4 84±4.4 

C2 46± 1.4 52±5.5  66±3.3 72±0.8  86±5.0 
C3 46± 3.5 50±3.6  66±5.5 73±4.0  87±1.6 

Mean  45.33±1.83 51.66±3.5 66.66±3.76 73±3.4 85.66±3.66 
Metronidazol  18.92 62.65 70 100 100 
Control group  2.5 4 6 6 15 



 
 

Table 6: Growth inhibition efficacy of chitosan on Blastocystis large sized cysts (70% large, 11% medium, &19 % small) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 7: Variation in LD50 & LD100 of CNPS to Blastocystis inoculum sizes. 
Efficacy of CNPS  Conc. of tested materials  LD50 LD100 
Blastocystis  different sizes 10 µg/ml CNPS 7hrs  - - - 

25 µg/ml CNPS 1.5hrs  - - - 
Metronidazole 150 l 2.5hrs 12hrs  

Blastocystis mostly small in size. 
 

10 µg/ml CNPS 12hrs  - - - 
25 µg/ml CNPS 2hrs  - - - 
Metronidazole  2.5hrs 12hrs  

Blastocystis mostly large in size. 
 

10 µg/ml CNPS 5hrs  - - - 
25 µg/ml CNPS 1.15hrs  - - - 
Metronidazole  2.5hrs 12hrs  

 

Table 8: Variation in LD50 & LD100 of Chitosan to Blastocystis inoculum sizes. 
Efficacy of chitosan Conc. of tested materials  LD50 LD100 
Blastocystis different sizes. 10 µg/ml chitosan 8hrs.  - - - 

25 µg/ml chitosan 2hrs. - - - 
 2.5hrs. 12 hrs.  

Blastocystis mostly small in size. 
 

10 µg/ml chitosan 15hrs.  - - - 
25 µg/ml chitosan 6hrs.  - - - 
50 µg/ml chitosan 3.30hrs.  - - - 
100 µg/ml chitosan 2.15hrs. - - - 
Metronidazole  2.5hrs 12 hrs.  

Blastocystis mostly large in size. 
 

10 µg/ml chitosan 5.5hrs.  - - - 
25 µg/ml chitosan  hr.  - - - 
Metronidazole  2.5hrs 12 hrs.  

 Table 9: Comet mean parameters and level of damage in DNA of Blastocystis exposed for 24hrs to different concentrations 
of CNPS compared control non-exposed Blastocystis and Metronidazole 150 l. 
Concentration Mean mortality  DNA damage Tail length (µg) DNA in tail (µg) Tail moment (µg) Olive moment 
Mean (1) 15% 16.76% 8.49 8.52 0.796 0.946 
Mean (2) 80% 20.23% 8.83 10.6 0.87 0.98 
Mean (3) 98.33% 20.76% 12.13 10.91 1.001 1.29 
Mean (4) 100% 21.43% 15.625 11.48 1.18 1.7 

 

 

Discussion 
   Blastocystis spp. is the commonest eukar-
yotic organism in human fecal samples 
(Salehi et al, 2017).  In Egypt, the Blasto-
cystis prevalence varied in different gover-
norates. In Cairo, prevalence was 34.5% (El 
Deeb and Khodeer, 2013), in Dakahlia  
prevalence was 22.4% (El-Shazly et al, 
2006), in Ismailia was 33.3-35.7% (Mokhtar 

and Youssef, 2018), in Gharbia  was 53% 
(El-Marhoumy et al, 2015), in Alexandria 
rates varied between 67.4%, 52% &54.17% 
respectively (Eassa et al, 2016; Elsayad et 
al, 2019; Mossallam  et al, 2021), in Sohag  
was 16.7% (El-Nazer et al, 2017), in Sharkia  
was 42.3% (Farghaly  et al, 2017), in Beni-
Suef  was 53.6% (Hamdy et al, 2020) and in 
Kafr El-Sheikh was 39% (Abdo et al, 2021).  

Tested dose 1 hr. 3 hrs. 6 hrs. 12 hrs. 24 hrs. 
10 µg/ml C1 38±0.9 45±0.8 48±5.3 75±1.5 84±5.6 

C2 39±5.6 43±2.25 50±4.4 76±0.9 84±3.5 
C3 36±3.25 44±5.6 52± 0.9 77±5.7 83±4.2 

Mean  37.66±3.25 44±2.83 50±3.53 76±2.93 83.66±4.3 
25 µg/ml C1 44±2.6 66±3.3 77±1.4 84±2.0 90±0.5 

C2 47±4.2 66±1.4 78±3.2 82±1.5 88±1.3 
C3 48±1.5 65±5.3 79±4.9 84±5.7 89±4.6 

Mean  46.33±2.76 65.66±3.3 78±3.16 83.33±4.4 89±3.33 
50 µg/ml C1 61±0.5 75± 2.3 79±0.5 85±0.4 95±0.7 

C2 58±1.4 75±4.5 79±3.5 86±2.4 95±2.9 
C3 59±4.7 74±5.25 82±2.6 87±5.3 96±4.7 

Mean  59.33±2.2 74.66±4.01 80±2.2 86±2.7 95.33±2.76 
100 µg/ml C1 72± 2.4 77 ±1.8 84 ±1.5 89±1.25 98±0.8 

C2 75± 4.7 78±3.5 87±0.4 89±2.3 98±2.4 
C3 76± 3.3 80±2.6 85±3.45 90±5.6 98±5.6 

Mean  74.33±3.46 78.33±2.63 85.33±1.78 89.33±3.05 98 ±2.93 
 18.92 62.65 70 100 100 

Control group  2.5 4 6 6 15 



 
 

Metronidazole was considered the drug of 
choice alone or in combination with other 
drugs (Adao and River, 2018), it showed 
wide efficacy rates, and drug resistance as 
well as large doses caused many side effects 
(Rajamanikam et al, 2019). Besides, some-
times metronidazole in large doses didn't 
eradicate of the parasite (Stensvold et al, 
2008). 
 Treatment of Blastocystis is a matter of de-
bate due to its undefined pathogenicity, and 
nanoparticles are novel treatment as immune 
system stimulant drug with successful prom-
ising outcomes (Sarkar et al, 2022). Chi-
tosan nanoparticle was used as one of the 
best nano-carriers in antibacterial, antifun-
gal, and anti-parasitic drugs (Pan et al, 2019; 
Chabra et al, 2019). Chitosan had been 
widely studied as carrier to deliver biologi-
cal curative nanoparticles to considerably 
increase their effects (Roshdy et al, 2019). 
   The current study showed a direct relation 
between the increase in the concentration of 
Chitosan, exposure time and increase in the 
rate of mortality. Exposing of Blastocystis to 
Chitosan 50µg/ml for 3hrs caused mortality 
rate of 67.66% that increased to 85.66% af-
ter 24hr. By increasing the concentration of 
Chitosan from 10µg/ml to 100µg/ml for 3hrs 
exposure, the mortality increased from 
33.33% to 71.66%. This agreed with Rahi-
mi-Esboei et al. (2013), who tested chitosan 
against Hydatid cysts in vitro. His results 
had signified that with the increase of chi-
tosan concentration and exposure time, the 
viability of hydatic cysts decreased in vitro. 
The chitosan 50 µg/ml had a scolicidal ef-
fect of 89 % after 3 hours of exposure time 
and by increasing the concentration of chi-
tosan to 100µg/ml it had 93% scolicidal ef-
fect after 3 hours of exposure time. Also, it 
agreed with Silva et al. (2021), who used 
chitosan oligosaccharides, while using the 
concentration of 100 l of chitosan oligo-
saccharides exhibited inhibition by 19% 
against Trypanosoma cruzi in vitro after 72 
hrs. By increasing the exposure time to 144 
hours using the same 100 l, mortality 

rate of 66.18%. Also, Teimouri et al. (2016) 
tested chitosan in vivo on survival time of 
mice infected with Plasmodium berghei us-
ing 10, 20, 40 & 80 mg/kg concentrations of 
chitosan which showed that as the concen-
tration of chitosan increased the survival rate 
of mice was decreased. 
In the present study, the maximum mean 
mortality rate with chitosan 100
95.66% after 24 hours exposure on an inocu-
lum of variable sized Blastocystis cysts. The 
maximum mean morality rate was increased 
and reached 98% with large sized cysts us-
ing the same concentration and same expo-
sure time. 
The antiprotozoal activity of chitosan was 
also tested by other authors against Leish-
mania infantum. Chitosan showed mean 
mortality rate 100% growth of promastigo-
tes at concentrations equal or superior to 

et al, 2015). In 
contrast, C-6 oxidized chitosan derivative 
obtained from chemical chitosan oxidation 
that had been destroyed by enzymes systems 
such as endocellulase, hyaluronidase, hyalu-
ronate lyase, chitinase, and other proteins, 
exhibited low antileishmanial against L. in-
fantum (Salah et al, 2015). Yarahmadi et al. 
(2016) assessed the effect of chitosan on the 
viability of Giardia lamblia cysts that resu- 
lted in 100 % mortality rate after 180min of 
exposure at 400 Also, Ta-
vassoli et al. (2012) found that 1250
chitosan after 360 min exposure time com-
pletely inhibited the viability of Trichomo-
nas gallinae.  
Regarding Chitosan nanoparticles, the pre-
sent study showed a direct proportional rela-
tion between the growth inhibition rates of 
Blastocystis when increasing the concentra-
tions and exposure duration.  Exposing Blas-
tocystis to CNPS 10 µg/ml for 1 hour re-
vealed mean mortality rate of 33.66 % 
which was increased to 80 % after 24 hours 
exposure time using the same concentration.  
The mean mortality rate increased with in-
creasing the concentration from 10µg/ml to 
100µg/ml of CNPS from 33.66% to 74.33% 



 
 

respectively after 1hr exposure. This agreed 
with Zaki et al. (2022), who found that incr-
eased concentration and exposure time of 
CNPS 20 l on Blastocystis gave a signi- 
ficant growth inhibition of 56.4% & 75.6% 
after 24hrs & 72hrs exposure times. CNPS 
40 l showed mortality rate of 73.1% & 
93.8 % after 24 & 72hrs exposure time. Al-
so, there was a significant decrease in para-
sites to 99.2% by 50 l CNPS for 72hrs. 
  In the present study, the maximum mean 
mortality rate was 99.66 % when 100 l 
CNPS was tested against an inoculum of 
mostly large sized cysts after 24hrs exposure 
time. This agreed with Taji et al. (2022), 
who studied the in vitro effect of CNPS with 
(75, 50, 25, & 12.5 l), against Blasto-
cystis viability after 24 & 48hrs, found that 
growth inhibition significantly increased to 
85.33% with 12.5 l to 100% with  
ml. They added that lower CNPS concentra-
tion caused 100% growths inhibition due to 
long exposure time of 48 hours. 
   In the present study showed that CNPS 
had higher efficacy than chitosan. The LD50 
of 10 µg/ml chitosan and 10µg/ml CNPS 
was 8hrs for chitosan and 7hrs for CNPS. 
The efficacy by comparing the mortality rate 
using 100µg/ml for both chitosan and CNPS 
after 24hrs caused increased from 95.66% to 
98.33% respectively. This agreed with Elmi 
et al. (2021), who evaluated CNPS efficacy 
versus chitosan in a concentration dependent 
manner against Plasmodium falciparum, Gi-
ardia lamblia and Trichomonas vaginalis, 
found that the efficiency of the tested mate-
rials was dose dependent. The more the 
nano-compound concentration, the more the 
protozoa elimination rates as compared with 
chitosan with the same concentrations and 
exposure time. Afzal et al. (2019) used Ma-
nnosylated thiolated chitosan loaded poly 
nanoparticles for oral visceral leishmaniasis 
therapy on Leishmania  donovani amastigot-
es, found that there was increased by 36-fold 
with the in vivo evaluation of antileishmani-
al activity reduction of parasite burden of 
infected BALB/c mice as compared to free 

PM. Also, Loiseau et al. (2020) used differ-
ent chitosan nanoparticles formulations for 
visceral and cutaneous leishmaniasis in vivo 
and in vitro reported promising outcomes. 
   In the present study, the large sized Blas-
tocystis cysts were more affected by the 
tested materials. Chitosan on different sized 
Blastocystis cysts, LD50 was reached after 8 
& 2hrs at 10 µg/ml and 25µg/ml respective-
ly.  For small sized cysts, LD50 was reached 
after 15hrs, 6hrs, 3.30hrs & 2.15hrs with 
10µg/ml, 25µg/ml, 50µg/ml & 100µg/ ml 
respectively. However, 1.5hrs ET for large 
sized cysts was reached with chitosan 10µg/ 
ml ET &1hr ET for chitosan 25µg/ml. But, 
it failed to reach LD100 mortality against 
small sized cysts, but LD100 on different 
sized cysts reached 98% by100µg/ml after 
24hrs ET. LD50 of 10µg/ml chitosan was 
reached after 15hrs against small sized cysts 
and was reached after 5.30 hrs against large 
sized cysts. However, LD50 of 10µg/ml 
CNPS was reached after 12hrs against small 
sized cysts and reached after 5hrs against 
large sized cysts. This agreed with Yaicha-
roen et al. (2006), who divided Blastocystis 
small sized cysts ranged from 1-10 me-
dium sized cysts ranged from 11-
large sized ones bigger than 21 -
one et al. (2018) reported some evident vari-
ations in cysts size in cultures with a huge 
size of vacuoles ranged from 5 to 150  
   In the present study, there was a high sus-
ceptibility of large cysts to the tested materi-
als than small sized cysts which might be 
due to increase of the cysts surface area and 
increase in the number of negatively charged 
receptors on the cell wall. This agreed was 
Nagy et al. (2011), who declared that the 
permeability of the cell membrane of the 
cysts  played an important role in increasing 
its the susceptibility to the drugs used. 
   In the present study, DNA damaged Bla-
stocystis exposed to different Chitosan NPs 
concentrations after 24hrs in form of differ-
ences in DNA% in the tail segment that 
reached 20.76 % with CNPS 100µg/ml, tail 
length was fluctuating from 8.4 pos-



 
 

itive control to 
 

damaged with Metronidazole 150µg/ml, tail 
moment varied from 0.796 positive 
control to 1.001 with CNPS 100µg/ml, and 
olive tail moment reported by migration of 
DNA fragments by agarose gel electropho-
resis. Also, there was a significant difference 
as compared with data of positive control 
that showed variation degrees in different 
DNA parameters indicating the DNA dam-
age increased with the increase of tested ma-
terials concentrations. This agreed with Ku-
mar et al. (2015) and Attaullah et al. (2020), 
they assessed the DNA damage in dead 
Trichinella spiralis exposed to silver NPs at 
different concentrations for 12hrs versus 
positive control by using Comet assay. Ah-
med et al., (2023) used comet this technique 
as well in assessment of Artemisia judaica 
against of Cryptosporidium parvum oocysts 
showed DNA genotoxic damage.    
   In the present study, TEM of positive con-
trol showed that the vacuoles were round or 
oval in shape with a central vacuole and thin 
rim of cytoplasm with a dense opaque nu-
cleus at one pole. This agreed with Zhang et 
al. (2012) and El Sayed et al. (2019), they 
reported that the vacuolar form as one of the 
common forms in fecal samples and culture, 
as oval in shape, with a central vacuole and 
scanty fine granules surrounded by the peri-
pheral rim of cytoplasm and single nucleus.  
   In the present study, the CNPS 100µg/ml 
for 24hrs exposure was highly lethal against 
Blastocystis cysts that showed cytoplasmic 
vacuoles with necrotic cells with disruption 
of normal morphology and alteration of out-
er surface coat, plasma membrane rupture 
with loss of intracellular contents and de-
struction of central vacuole. This agreed 
with Mossallam et al. (2021), who found 
that the simeprevir affected Blastocystis, 
which central vacuole lacked any electro 
dense particles and some cysts showed rup-
tured plasma membrane with loss of all cel-
lular contents. 

 

Conclusion 
    The outcome data proved the potentially 
effective of chitosan and chitosan NPs on 
treating Blastocystis hominis, but chitosan 
NPs was the better one 
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Fig. 1: Blastocystis hominis with its signet ring appearance of nuclei after applying iodine stain (arrow). 
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