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Abstract 

Background: We aimed to investigate the effect of chitosan nanoparticles loaded 
azithromycin on reducing the number of Toxoplasma gondii tissue cysts in the brain 
of a mouse model. 
Methods: Chitosan nanoparticles and azithromycin loaded nanoparticles were 
synthesized using microfluidic system and characterized using dynamic light scat-
tering (DLS) and TEM images. Forty BALB/c mice after infection with a cyst 
forming T. gondii strain, were divided into four groups daily receiving PBS, 10 
mg/kg azithromycin, 10 mg/kg chitosan nanoparticles, and 10 mg/kg chitosan 
nanoparticles loaded azithromycin, respectively, for 10 days. Immediately after 
end of the treatment, the mice were sacrificed and the tissue cyst burden in their 
brain was investigated using an optical microscope and compared by ANOVA 
statistical test.  
Results: The average particle size and dispersion index for chitosan nanoparticles 
were 193.66 nm and 0.43, and for nanoparticles containing azithromycin drug, 
they were 233.66 nm and 0.21, respectively. The amount of drug loading was 
1.8% and the drug release was more than 90% after less than 48 hours. The sta-
bility of nanoparticles did not change significantly after 28 days of observation. 
Toxoplasma tissue cyst numbers obtained in a range of 1.48 to 1.95 in 10 ul brain 
suspension with no significant differences among the groups of treated mice. 
Conclusion: The synthesis of chitosan nanoparticles loaded with azithromycin by 
microfluidic system could make the particles with more uniformity and stability 
and high loading of the drug with low cost and more convenient conditions.  
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Introduction  

 
oxoplasmosis, caused by the intracellu-
lar parasitic protozoan Toxoplasma gondii, 
is a significant infection transmitted 

through various routes, particularly by con-
suming undercooked meats and meat prod-
ucts (1,2). In chronic form, the parasites exist 
as tissue cysts containing numerous bradyzo-
ites, primarily forming in the brain, central 
nervous system (CNS), eyes, smooth and skel-
etal muscles, and occasionally in other organs 
like the kidneys and liver. When the immune 
system is compromised, bradyzoites can trans-
form into tachyzoites, reactivating into an 
acute infection (3). Chronic toxoplasmosis, 
associated with tissue cysts, has been linked to 
neurological disorders such as schizophrenia 
and behavioral issues (4-7). 

Tissue cysts are resistant to immune re-
sponses, and no approved treatment can 
completely eliminate them from the body (8, 
9). Azithromycin, a macrolide antibiotic, can 
affect both acute and chronic forms of toxo-
plasmosis (10-14). Nanotechnology in drug 
delivery involves designing nanoparticles 
(NPs) and nanosystems to efficiently deliver 
drugs to specific body sites (15, 16). These 
NPs, ranging from 10-1000 nanometers, can 
be made from various materials and offer ad-
vantages like drug encapsulation, protection 
from degradation, enhanced solubility, and 
controlled release. Functionalized NPs can 
target specific cells or tissues, improving drug 
concentration at the desired site while mini-
mizing side effects on healthy cells (17, 18). 

Microfluidics, a method involving small 
channels to handle and manipulate fluids, of-
fers advantages over traditional bulk synthesis 
methods for creating NPs. This technique 
provides precise control, rapid mixing, scala-
bility, continuous production, and integration 
with other processes (19). Chitosan, a natural 
polymer derived from chitin found in crusta-
cean exoskeletons, is biocompatible, biode-
gradable, and suitable for producing nanopar-

ticles with specific drug release profiles (20-24). 
Its antimicrobial effect was investigated in 
several infectious organisms including proto-
zoan parasites. 

Metronidazole-loaded chitosan NPs were 
evaluated against Giardia lamblia infection in 
Syrian hamsters and enhanced the therapeutic 
effect compared to metronidazole alone (23). 
Studies on the anti-Toxoplasm effect of chi-
tosan NPs have mostly been conducted on the 
RH strain or on the tachyzoite stage of the 
parasite. For example, Teimouri et al., (25) 
evaluated different concentrations of chitosan 
against tachyzoites of Toxoplasma RH strain in 
vitro and in vivo with satisfactory efficacy. 

Few studies have been done on anti-
toxoplasma compounds in the cyst stage of 
the parasite. Saraei et al investigated the effect 
of aripiprazole on tissue cysts in the mouse 
brain and did not observe any reduction in 
parasite cysts (26). In another study using 
fluphenazine and thioridazine against tissue 
cysts of Toxoplasma Tehran strain in mice, cy-
togenesis in the brain of infected animals was 
not inhibited (27).  

The present study was designed to investi-
gate the effect of chitosan nanoparticles load-
ed azithromycin on reducing the number of T. 
gondii tissue cysts in the brain of a mouse 
model. 
 

Materials and Methods 
 
Making microfluidic system to prepare 
nanoparticles 

A microfluidic system was created using a 
polydimethylsiloxane (PDMS) chip (obtained 
from Riz Tarashe Mizan Company, Karaj, 
Iran). The chip design included input, passage, 
and output channels for nanoparticles. It was 
designed with Solidworks software and print-
ed onto a mask. A silica wafer (Riz Tarashe 
Mizan Co.) was prepared as the stationary 
phase. Su-8 (Riz tarashe Mizan Co.), a light-
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sensitive polymer, was applied to the wafer 
and cured using UV irradiation through the 
mask. The uncured parts were dissolved, leav-
ing the original design. PDMS and its cross-
linker were applied to the slide and heated to 
form the structure. Input and output channels 
were then punched into the mold (23, 28). 
 
Preparation of chitosan polymer and chi-
tosan-azithromycin solution 

A chitosan polymer solution (high molecular 
weight, 75% deacetylation, Sigma-Aldrich) was 
prepared by dissolving 20 mg of chitosan 
powder in 1% acetic acid and stirring over-
night. Azithromycin powder (Daroupakhsh 
Shimi, Tehran, Iran) was added to this solu-
tion to create the drug solution. A stock solu-
tion of tripolyphosphate (TPP) was prepared 
with various dilutions. Tween 80 was dis-
solved in deionized water and, if necessary, 
sodium hydroxide (NaOH) was used to adjust 
the pH (23). 
 
Synthesis of chitosan nanoparticles and 
drug loaded nanoparticles 

To synthesize NPs, the microfluidic system 
was connected to two syringe pumps. The 
polymer and azithromycin solution was 
pumped at a flow rate of 5 mm/hr, while the 
Tween 80 and tripolyphosphate solution was 
pumped at flow rates of 5 and 2.5 mm/hr. 
The solution containing NPs and drug was 
then subjected to sonication for 30 minutes 
(19, 20, 23).  
 
Physicochemical characterization of the 
prepared nanoparticles 

The size and polydispersity index (PDI) of 
the nanoparticles were measured using dy-
namic light scattering (DLS) with a Nano Zeta 
sizer. The process was repeated three times, 
and the results were reported as mean values 
± standard deviations. To examine the shape 
of NPs, TEM image of synthesized NPs was 
obtained at the Central Materials Engineering 
Laboratory of Khajeh Nasiruddin Tusi Uni-
versity (Tehran, Iran). 

 
Determination of drug loading and stabil-
ity test 

The drug loading efficiency refers to the ra-
tio of the drug content incorporated within 
the nanoparticle structure to the total weight 
of the nanoparticle. To determine the drug 
loading efficiency, the following steps were 
performed after synthesizing the drug nano-
particles. The resulting solution was subjected 
to centrifugation. The supernatant was then 
discarded, and the tube containing the nano-
particle sediment was incubated at 37 °C for 
24 hours. The weight of the sediment was 

measured using a precise scale. To break 
down the NPs, the sediment was sonicated at 
high speed for one hour. A portion of the su-
pernatant solution was used for the measure-
ment of its absorption value using a spectro-
photometer. The amount of drug loading was 
then calculated using the calibration curve (19). 
In order to assess the stability of the nanopar-
ticle size, the size of the synthesized NPs was 
measured at specific time intervals including 1, 
7, 14, 21 and 28 days with 3 repetitions. 
 
Measurement of drug release rate in vitro 

Drug-loaded NPs were sealed in a dialysis 
bag and immersed in a Falcon tube with 10 ml 
of PBS solution and 2% Tween 80. The tube 
was placed in a shaker incubator at 37 °C with 
a rotation speed of 100 rpm for a week. At 
specific intervals, 500 μl of the solution was 
replaced with fresh PBS to measure drug re-
lease using a spectrophotometer at a wave-
length of 226 nm. 

 
Animals 

Forty-five female BALB/c mice, aged 7-8 
weeks and weighing 20-25 grams, were pur-
chased from Karamad Zist Exir Company, 
Teharn, Iran. They were kept at Zanjan Uni-
versity’s lab animal care center under standard 
conditions, following the guidelines provided 
by the National Ethics Committee for Work-
ing with Laboratory Animals. This research 
was approved by the Ethics Committee of 
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Zanjan University of Medical Sciences (code: 
IR.ZUMS.REC.1400.327). The conditions in-
cluded a temperature of 25 °C, a 12-hour 
light-dark cycle, and free access to food and 
water. 
 
Parasite strain and tissue cyst inoculation 
in mice 

Two mice infected with tissue cysts of the T. 
gondii Tehran strain, which is a tissue cyst 
forming type II strain, were gifted from the 
Department of Parasitology at Tehran Univer-
sity of Medical Sciences, Tehran, Iran. For the 
primary passage to produce sufficient parasite 
stock, a suspension containing tissue cysts was 
intraperitoneally inoculated into 5 mice using 
0.5 ml per mouse containing approximately 20 
cysts. Following a 3-month period in the sub-
sequent passage, during which a satisfactory 
number of cysts formed in the mice brains, an 
adequate suspension amount was prepared for 
inoculating the various test groups. Each 
mouse of the treatment and control groups 
was intraperitoneally inoculated with 0.5 ml (~ 
20 tissue cysts) (27). 

After confirming the formation of tissue 
cysts in the brains of mice by randomly exam-
ining the brains of a number of mice, 120 days 
post-infection, the mice were randomly as-
signed to four groups of 10 each, and subse-
quently received daily intraperitoneal injection 
as follows: control Group received 0.5 ml PBS 
only. Azithromycin Group received 0.5 ml 
PBS containing 10 mg/kg of azithromycin, 
Chitosan NPs (Ch) Group received 0.5 ml 
PBS containing 10 mg/kg of chitosan. 
Azithromycin loaded chitosan NPs (AZM-Ch) 

Group received 0.5 ml PBS containing 10 
mg/kg of azithromycin loaded chitosan NPs. 
Based on previous studies, the treatment dura-
tion for all groups was set at 10 days (26, 27). 
 
Evaluation of treatment effect and data 
analysis 

Post-treatment, mice were anesthetized and 
their brains were isolated and homogenized 
and tissue cysts were counted (29). Cyst 
counts from different groups were compared 
using a one-way ANOVA test. 
 

Results 

 
The microfluidic system, created using soft 

lithography, optimally uses a 1 mg/ml poly-
mer solution and a 4 mg/ml drug-infused pol-
ymer solution. The ideal concentration for the 
tripolyphosphate (TPP) solution, which af-
fects nanoparticle size, is also 1 mg/ml at a 
flow rate of 5 ml/h. 
Table 1 presents the size of nanoparticles and 
their dispersion index. Additionally, we calcu-
lated the drug loading in the NPs, and it was 
1.8% based on drug calibration curve (Fig. 1). 
The formation of NPs was further confirmed 
through electron microscopic images (Fig. 2), 
which showed that the size and morphology 
of the nanoparticles were consistent with the 
results obtained from DLS measurements (Fig. 
3).  
Nanoparticle stability, assessed over 28 days, 
showed no significant changes in size or PDI 
(Table 2). 

 

 
Table 1: Size and poly dispersion index of chitosan nanoparticles and azithromycin loaded nanoparti-

cles 
 

Nanoparticles Mean Size (nm) PDI* 

Chitosan NPs 193.66 0.4 

Azithromycin loaded NPs 233.66 0.2 

*PDI (poly dispersion index) less than 0.5 indicates homogenous nature of formulation 
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Fig. 1: Azithromycin drug calibration curve at the maximum wavelength of 226 nm (98% ethanol solvent) 

 

 
 

Fig. 2: Electron microscope image of nanoparticles synthesized by the microfluidic system 

 

 
 

Fig. 3: Particle size distribution diagram of chitosan nanoparticles loaded with azithromycin 
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Table 2: Average size of chitosan nanoparticles and poly dispersion index during 28 days 
 

Time (day) Size (nm) ± SD PDI 

 1 230.9 ± 10.51 0.2 

 7 258 ± 6.02 0.2 

14 237.76 ± 8.55 0.19 

21 248.6 ± 12.2 0.2 

28 258 ± 9 0.4 
 

In vitro release test 
The drug release data indicated a rapid re-

lease pattern of azithromycin, with over 80% 
release within the first 24 h. Subsequently, it 

reached its maximum release rate of 100% by 
72 h, and the graph showed a plateau until the 
end of the 7th day (Fig. 4). 
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Fig. 4: Drug release from chitosan nanoparticles loaded with azithromycin  
 
 

Effect of chitosan nanoparticles containing azithromycin on the number of brain cysts 
The average number of T. gondii tissue cysts 

in different study groups of mice are shown in 
Table 3. A sample of tissue cysts in brain is 
shown in Fig. 5. 
 

 
Table 3: The average number of Toxoplasma gondii tissue cysts in different groups of mice 

 
 

Experimental groups 
(n=10/group) 

Cyst number/10 
µl * (mean) 

SD 

PBS (untreated control) 1.86 1.42 

Ch nanoparticles 1.48 0.53 

AZM 1.90 0.86 

AZM-Ch nanoparticles 1.95 1.83 

*In the volume of 10 microliters of the brain suspension. Ch, chitosan; AZM, azithromycin; AZM-Ch, 
azithromycin-loaded chitosan 

Through statistical comparison, it was determined that the number of cysts in the four studied groups did not 
exhibit significant difference. 
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Fig. 5: Image of tissue cysts of Toxoplasma gondii under a light microscope magnification with 40x lens 
 

Discussion 

 
This study showed that synthesizing chi-

tosan NPS loaded with azithromycin using a 
microfluidic system produced uniform, suita-
ble particles with high drug loading at low cost. 
However, a 10 mg/kg dose did not signifi-
cantly reduce tissue cysts in infected mice. 
Nanoparticle size was influenced by flow rate 
and solution concentration, with an optimal 
flow rate of 5 ml/h producing smaller, uni-
form NPS. Excessive flow rates and higher 
tripolyphosphate concentrations resulted in 
larger nanoparticles. The average size of the 
nanoparticles was 193.66 nm, increasing to 
233.66 nm after drug loading, aligning with 
previous research. Electron microscopy con-
firmed the expected morphology and traits. 
The mean cyst count in the nanoparticle-
treated group was 1.95, compared to 1.86 in 
the control group, with no significant differ-
ence. 

Some researchers conducted similar studies, 
but they mainly targeted the tachyzoite stage, 
which represents the acute form of Toxoplasma 
infection. Teimouri and colleagues evaluated 
different concentrations of Cs against Toxo-
plasma RH strain in vitro and in vivo and report-
ed satisfactory efficacy. However, they treated 
the tachyzoite stage of the parasite, which is 
not comparable to the chronic tissue cyst 
form (25). In another study, low molecular 
weight Cs against Plasmodium braghei was used 

in a mouse model, which resulted in longer 
survival of treated mice. It goes without saying 
that this active parasite in the blood can easily 
be exposed to the inoculated therapeutic 
compounds. Meanwhile, the Toxoplasma cyst, 
which is a latent stage in tissue, is not readily 
available for compounds (30). Gaffar et al., 
showed that chitosan and silver NPS were ef-
fective against experimental toxoplasmosis in 
mice. Again, this experiment was performed 
on the tachyzoite stage, which is an active pro-
liferative form and completely different from 
the tissue cyst stage (31). The effectiveness of 
different concentrations of chitosan with low 
molecular weight against Toxoplasma tachyzo-
ites has been reported with good results (32). 
In vitro exposure of tachyzoites to chitosan 
cannot be a suitable model to evaluate drugs 
against this parasite, especially its chronic 
form.  

A study by Soheili et al. which employed 
soft lithography technology for a microfluidic 
system, emphasized the significant role of in-
corporation speed in chitosan nanoparticle 
synthesis as drug carriers (19). This speed crit-
ically influences both drug loading extent and 
subsequent release rate. Consequently, meticu-
lous attention to the system's initial configura-
tion, encompassing factors such as channel 
diameter and length, emerges as imperative 
within this realm. 

Within the current microfluidic setup, 
adopting a Y-shaped design has yielded small-
er nanoparticles while preserving effective 
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drug loading. Based on the diagram derived 
from the data, the drug release profile illus-
trates that over 90% of the drug was dis-
charged within 48 hours. This pattern aligns 
with the findings of Raouf et al., where nearly 
the entire drug load was released within the 
same 48-hour timeframe (33).  

Exploration of nanoparticle stability has re-
vealed periods of stability up to 28 days. This 
corresponds with the findings of a study by 
Jonassen et al., which explored the stability of 
chitosan nanoparticles under varied conditions 
and identified their stability over a month (34). 
Similarly, in a research by Habibzadeh et al., 
focusing on nanoparticles synthesized through 
a microfluidic system, demonstrated con-
sistent size and zeta potential over a span of 
30 days, devoid of significant variations (35). 

For quantification of tissue cysts we fol-
lowed the protocol outlined by Abd Elgaward 
et al (29). This process involved homogenizing 
mouse brains with PBS, generating a suspen-
sion subsequently used to prepare at least 3 
slides per sample, each containing 10 micro-
liters. These slides were subjected to examina-
tion under a 40× objective lens of an optical 
microscope. Diverse methods have been em-
ployed for tissue cyst enumeration across var-
ious studies. For instance, Dumas et al em-
ployed a technique where the prepared sus-
pension was subjected to centrifugation, en-
hancing the likelihood of detecting all tissue 
cysts within a smaller sample volume under a 
light microscope (36). 

Within the context of nanoparticle synthesis 
using microfluidics, notable achievements 
were realized, particularly in achieving a sub-
stantial drug loading of 1.8%. The Polydisper-
sity Index that quantifies particle size disper-
sion generally tended to be higher in this 
method. Studies by Hagras et al. and Etewa et 
al. (22, 24) diverged from this approach, 
adopting conventional bulk methods for solu-
tion merging 

The high molecular weight chitosan was 
used in our study. Teimouri et al. suggest low-

er molecular weights are more effective, po-
tentially impacting our carrier’s efficacy (25). 

In the present study, Tehran strain of T. 
gondii was used, which is different from the 
strains employed in most comparable investi-
gations (11, 12, 22, 37, 38). These studies 
commonly utilized the Me49 strain (32). 
Hence, discrepancies in results could poten-
tially stem from variations in the strains stud-
ied. In a couple of studies, focusing on the 
Tehran strain, the authors similarly did not 
yield the expected effects on tissue cysts de-
crease in mouse models (26, 27). 

The treatment period in our current study 
spans 10 days, a duration comparable to sev-
eral influential prior investigations. For in-
stance, Djurković et al. applied clindamycin 
over a 3-month course (39). Ferreira et al. 
evaluated sulfadiazine and combination thera-
pies over 4 weeks (40). Shu and Jiang et al. 
investigated minocycline for 3 weeks (41), 
while Ferguson et al. studied atovaquone for a 
month in 1994 (42). Notably, certain studies, 
adopted shorter durations, achieving effective 
outcomes over 8 days (43, 44). Chew et al. al-
so demonstrated effectiveness with a 7-day 
regimen involving spiramycin (45). 

Given the challenges linked with macrolide 
antibiotics like azithromycin crossing the 
blood-brain barrier, the utilization of suitable 
carriers such as chitosan has been proposed to 
mitigate required dosages (40). However, a 
precise dose for loading azithromycin onto a 
chitosan carrier to impact brain tissue in mice 
remains undetermined. Raouf et al. reported 
the effectiveness of a 10 mg/kg/day dose 
against Pseudomonas bacteria biofilm in mice 
model (33). 

In the existing studies, as previously men-
tioned, dosages of 100, 200, 250, and 300 
mg/kg/day have been explored. Most of these 
investigations focused on the RH strain during 
its acute phase and did not involve drug carri-
ers (46). In contrast, our current study em-
ployed a dosage lower than the LD50 value 
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(lethal dose for 50% of subjects) of azithro-
mycin (10 mg/kg/day) in mice. 

In this investigation, the drug was adminis-
tered via the intraperitoneal route. Similarly, 
Raouf et al. introduced azithromycin nanopar-
ticles through intraperitoneal injections in Syr-
ian mice (33). Whereas, Dumas et al. em-
ployed an oral administration of the drug in 
their study focused on tissue cysts (36). De-
gerli's study, which focused on the acute phase 
of the disease, also administered the drug oral-
ly (13).   

Several factors might contribute to these re-
sults, including the limitations for production 
nanoparticles with high loading drug in this 
system, which may hinder the administration 
of higher doses. The duration of the treatment 
(10 days), the injection dose of azithromycin, 
the intraperitoneal administration of drug, and 
the possibility of drug resistance could have 
further impacted the results obtained.  

 

Conclusion 
 

The synthesis of chitosan nanoparticles 
loaded with azithromycin by microfluidic sys-
tem could make the particles with more uni-
formity and stability with low cost and more 
convenient conditions. More research is nec-
essary to further optimize treatment strategies 
for improved therapeutic outcomes with re-
gards to T. gondii latent infection. 
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