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ABSTRACT 
 

The current investigation was conducted to assess the potential impact of chitosan nanoparticles (CS-NPs) with the 
antimalarial mefloquine (Mef) and the anti-schistosomal praziquantel (PZQ) on some biochemical and immunological 
responses induced in mice infected with Schistosoma mansoni by measuring AST, ALT, ALP enzymes, TP, and IL-10. 
One hundred and twelve mice were grouped into fourteen separated collections with eight mice in each group. G1 
(uninfected controls) and G2 (positive untreated control). At the 7th day post infection (PI), the groups were divided into 
the following groups: G3 (Mef dosage 400mg/kg), G4 (500mg/kg of CS-NPs), G5 (400mg/kg Mef with 500mg/kg CS-
NPs), G6 (500mg/kg PZQ with 200mg/kg Mef), and G7 (500mg/kg CS-NPs accompanied with 200mg/kg Mef and 
500mg/kg PZQ). At the 21st day PI, the groups from G8-G12 were treated with the same previous doses respectively. 
At the 35th day PI, the groups were as follows: G13 (a PZQ dosage of 1000mg/kg), and G14 (1000mg/kg PZQ with 
500mg/kg CS-NPs). All the animals were sacrificed on the 56th day PI. Treatment with Mef accompanied with PZQ and 
CS-NPs at 7- and 21-days PI markedly reduced AST and ALT more than the other treated groups in comparison to the 
untreated positive mice. Accompanying Mef, PZQ and CS-NPs showed a synergistic effect on immunological response 
in schistosomiasis treatment as expressed in elevated levels of IL-10 when compared with uninfected control group. 
This represents an aid in improving the usage of drugs against schistosomiasis. 
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INTRODUCTION 

 

Schistosomiasis, an intravascular parasitic disease 

prevalent in tropical and subtropical regions, is caused by the 

trematode flatworm Schistosoma (Chuah et al. 2019; 

LoVerde, 2019; Angora et al. 2020; Huang et al. 2020). An 

estimated 237 million individuals worldwide are infected, 

with an additional 600-779 million at risk of infection 

(Chitsulo et al. 2000). The most prevalent species in Africa 

are Schistosoma haematobium and Schistosoma mansoni 

with approximately 90% of the worldwide infection load 

(Mazigo 2019; Gebreyesus et al. 2020). The most significant 

life-threatening complication of S. mansoni disease is the 

extensive fibrosis of the liver (Costain et al. 2018; Gunda et 

al. 2020; Masi et al. 2020), which is caused by the trapping 

and accumulation of S. mansoni eggs (Setty et al. 2007). The 

position and count of these eggs induce specific 

manifestations (McManus et al. 2020), which comprise 

variceal bleeding, diarrhea, hepatosplenic enlargement, and 

portal hypertension (Schwartz and Fallon 2018). 

Praziquantel (PZQ) is the most widely used effective 

drug for treating schistosomiasis (McManus et al. 2018). 

However, it has limited efficacy against juvenile 

schistosomes, and drug resistant isolates have been 

identified in various epidemiological settings due to the 

unrestricted administration of drug on a large scale in 

certain communities (Ismail et al. 1996; Wilson 2020; 

Amara and Saadawi 2022). Moreover, it is unable to 

provide prophylaxis or inhibit reinfection with the 

possession of weak bioavailability and solubility (Panic 

and Keiser 2018; Tetteh-Quarcoo et al. 2020; Walker et al. 

2020), highlighting the need for alternative medications. 
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Mefloquine (Mef), a drug commonly used to treat 

malaria, has demonstrated significant in vivo and in vitro 

activity against schistosomiasis (Zhang and Xiao 2012). 

The combination of PZQ and Mef may improve therapeutic 

effectiveness against S. mansoni compared to each drug 

alone (El-Lakkany et al. 2011).  

Chitosan, a biopharmaceutical compound derived 

from chitin, is characterized by biocompatibility, pH 

sensitivity, and low toxicity (Prabaharan et al. 2006; 

Elbehary et al. 2023). Nanoparticle manufacturing 

technology has gained interest as a drug delivery system 

in a wide range of diseases including cancer, 

gastrointestinal and lung disorders (Mohammed et al. 

2017), with chitosan nanoparticles being a particularly 

promising option. 

Cytokines are proteins that control the body’s response 

to infection and inflammation, with some being pro-

inflammatory and others anti-inflammatory and pro-

healing. The immunomodulatory interleukin 10 (IL-10) 

was produced by a variety of cell types including B-

lymphocytes, monocytes, macrophages (Mosmann et al. 

1990). Immunity appears to employ IL-10, which is 

defined as a Th2 cytokine, as a feedback regulatory 

mechanism to manage the immune cells themselves or the 

cells around them (Saraiva and O’garra 2010).  

Considering the above-mentioned knowledge, current 

investigation was intended to appraise the role of 

nanotechnology in combating S. mansoni infection through 

the use of CS-NPs. To evaluate and compare the efficacy 

of each drug alone or in combination with CS-NPs, 

biochemical and immunological studies were conducted on 

mice infected with S. mansoni. 

 

MATERIALS AND METHODS 

 

Experimentation was accomplished at Theodor 

Bilharz Research Institute (TBRI) where treatment and 

handling of mice were in conformity with the international 

principles of research ethics adopted by the institute. 

 

Animals 

One hundred and twelve pathogen-free mice had 

similar age of 42-56 days old with approximately 18-20 

grams weight were used in this study. The Mice were 

housed in nonporous, non-opaque plastic cages that 

allowed for easy viewing and sanitation. The cages were 

kept in an air-conditioned animal room at a temperature 

range of 20-25°C and the mice were provided with a 

standard commercial pelleted diet. The animals were 

randomly divided into fourteen groups of eight mice each, 

which were housed in separate cages. 0.1mL of 

Schistosoma mansoni cercarial suspension, attained from 

TBRI, was pipetted in a small petri-dish where the number 

of cercariae was determined. Mice infection was 

accomplished subcutaneously with one hundred S. mansoni 

cercariae per mouse (Stirewalt and Dorsey 1974) which 

were provided from the SBSP, TBRI. 

 

Drugs 

Praziquantel 

Praziquantel tablet (Distocide, Epico, Al-Asher 

Men Ramadan, Egypt) was carried after crushing in 2% 

of Cremophor El (Sigma Aldrich chemical Co., St. 

Louis, Mo, USA) and administered orally (Fallon and 

Doenhoff 1994). 

 

Mefloquine 

Mephaquin tablet (Mepha Ltd., Aesch Basel, 

Switzerland) was used in a carrier of 3% (v/v) Ethanol and 

7% (v/v) Tween 80 (Keiser et al. 2009). 

 

Chitosan Nanoparticles 

A 93% deacetylated chitosan was gained from Sigma 

Aldrich, USA (Batch no. 419419). Construction of CS-

NPs was through using the method of ionotropic gelation 

(Gaafar et al. 2014). Sodium tripolyphosphate (Na TPP), 

phosphate buffer saline (PBS), and acetic acid were 

provided by Sigma Aldrich, USA. Chitosan was dissolved 

in 1% acetic acid aqueous solution at various 

concentrations (1, 2, and 3mg/mL) under magnetic 

stirring at room temperature for 20-24hr. until a clear 

solution was obtained. Surfactant tween 80 (0.5% (v/v), 

was added to chitrosan solution to prevent aggregation 

and then chitosan solution was raised pH 4.6-4.8 with 1 N 

NaOH. The solution was filtered through 0.22-micron 

Millipore filter. 1% Sodium tripolyphosphate solution 

was prepared by dissolving 10 mg of TPP in 10 ml of 

deionized water. TPP solution was added dropwise to 

chitosan solution under magnetic stirring (1000 rpm, 1 

hour) at room temperature in the ratio 2.5: 1(v/v) 

(chitosan: TTP). The opalescent suspension was formed 

under the same above-mentioned conditions and the 

nanoparticles were separated by centrifugation at 20,000g 

at 14°C for 30min. The freeze-dried nanoparticles were 

stored at 5±3°C and their weights were measured. 

Conjugation of Mef or PZQ or both to CS-NPs was done 

by adding chitosan solution to Na TTP solution 

containing the drugs which was gently mixed for 3 hours 

and subsequently 4mL of 10% Boven Serum Albumin 

(BSA) solution was added to block the residual surface of 

the CNPs. The mixture was then incubated for 20min. at 

room temperature before being centrifuged at 13,000rpm 

for 45min. at 4oC three times. After the last centrifugation, 

the pellets were re-suspended in a 2mL phosphate buffer 

(pH 7.2, 0.01 M containing 1% BSA and 0.05% sodium 

azide) and stored at 4oC. 

The supernatant was collected and protein content 

(free) in supernatant was determined by the Bradford 

protein assay spectrophotometric method at 595 nm. The 

encapsulation efficiency (AE) and loading capacity (LC) of 

nanoparticles were calculated as follows: 

 

%AE= [(A-B)/A] ×100 

%LC= [(A-B)/C] ×100 

Where A is the total amount of the drug, B is the free 

amount of the drug and C is the weight of nanoparticles.  

The transmission electron microscopy (HR-TEM) 

images were carried out in Nanotech Company for photo-

electronic. The HR-TEM was JOEL JEM-2100 operating 

at 200 Kilovolt (kV) equipped with Gatan digital camera 

Erlangshen ES500. Samples of CNPs were prepared by 

placing one drop of a dilute suspension of CNPs in water 

on a carbon-coated copper grid for 3 min at room 

temperature.  
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Scanning electron microscopy was employed to obtain 

direct information about the size and shape of the produced 

nanoparticles SM images showing that most particles were 

almost spherical with smooth surface morphology. SEM 

showed that the conjugation of nanoparticles with drug did 

not affect the morphology of nanoparticles alone. Moreover, 

despite some nanoparticle aggregation after storage. 

 

 
 

Histogram showing the size distribution of 

nanoparticles that was determined by FTIR. The size of 

nanoparticles (46%) were approximately about 40nm and 

20% were approximately about 60nm. where the remaining 

percent was ranged from 80-120nm. 

 

Research Plan 

- Animals were divided as follows: 

G1: Normal uninfected control mice  

G2: Infected non-treated control mice received normal 

diet. 

At the 7th day PI, the groups were divided as follows: 

G3: Animals were given a 400mg/kg dosage of Mef. 

G4: Animals were given a 500mg/kg dosage of CS-NPs. 

G5: Animals were given 400mg/kg Mef with 500mg/kg 

CS-NPs in a single oral dose. 

G6: Animals were given 200mg/kg Mef with 500mg/kg 

PZQ in a single oral dose. 

G7: Animals were given 200mg/kg Mef accompanied with 

500mg/kg CS-NPs and 500mg/kg of PZQ in a single oral 

dose. 

At The 21st day PI the groups were divided as follows: 

G8: Animals were given a 400mg/kg dosage of Mef. 

G9: Animals were given a 500mg/kg dosage of CS-NPs. 

G10: Animals were given 400mg/kg Mef with 500mg/kg 

of CS-NPs in a single oral dose. 

G11: Animals were given 200mg/kg Mef and 500mg/kg of 

PZQ in a single oral dose. 

G12: Animals were given 200mg/kg Mef accompanied 

with 500mg/kg CS-NPs and 500mg/kg PZQ in a single oral 

dose. 

At The 35th day PI the groups were divided as follows: 

G13: Animals were given a 1000mg/kg dosage of PZQ. 

G14: Animals were given 500mg/kg PZQ with 500mg/kg 

CS-NPs in a single oral dose. 

Fifty-six days after treatment, all groups of animals 

were sacrificed via decapitation. Immediately, sampling of 

blood was carried out where sera separated by 

centrifugation and then gathered and reserved at -70ᵒC up 

to the next examinations. 
 

Biochemical and Immunological Assays 

Biochemical Estimate 

To determine the values of AST, ALT (Reitman and 

Franel 1957), TP (Henry 1964) and ALP (Belfield and 

Goldberg 1971), the biodiagnostic kits (Dokki, Giza, 

Egypt) were used. 
 

Assessment of Interleukin-10 (IL-10) 

IL-10 was quantitated in the assembled culture 

supernatants via the usage of Enzyme linked 

immunosorbent assay (ELISA) (Wynn et al. 1995). 

Result was tabulated of 8 mice in every collection as 

mean M ± standard error SE. T- test program was used at 

95% confidence level in order to get identification whether 

the assessed values are significant. 
 

RESULTS 
 

Biochemical Results 

According to Table 1, AST, ALT, and ALP values 

raised in mice afflicted with S. mansoni comparable to the 

uninfected group. The combination of mefloquine, 

praziquantel and chitosan nanoparticles at day 7 or 21 PI 

declined the levels of AST and ALT (P<0.001) comparable 

to the afflicted non-treated mice while ALP showed a 

highly significant difference at day 7 and a relatively 

significant difference at day 21 when put in comparison 

with the afflicted untreated group. 

The obtained results in Table 1 have shown a total 

protein concentration reduction after the affliction with S. 

mansoni in comparison to the normal uninfected animals. 

By comparing the afflicted non-treated group with treated 

groups administered the combination of mefloquine, 

praziquantel and chitosan nanoparticles at day 7 PI, serum 

total protein concentration revealed an increase value. 
 

Interleukin-10 Cytokine Results 

As showed in Table 2, the results of all groups received 

the different medications showed highly significant 

differences in the mean numbers from that recorded in the 

uninfected mice (P<0.001). Highest mean numbers were in 

the groups treated with a combination between 

Praziquantel, mefloquine and chitosan nanoparticles (G7, 

G12), and in G5 where mefloquine was in association with 

chitosan nanoparticles. 
 

DISCUSSION 
 

Praziquantel (PZQ), the corner stone in 

antischistosomal activity, is a low cost highly effective 

medication that has the efficacy in mass treatment control 

systems as well as a broad therapeutic profile (Abaza 

2013).   Despite   its   benefits,   there   are   some  drawbacks 
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Table 1: Biochemical levels in different groups sacrificed after 8 weeks from infection 

Animal Groups AST (U/L) ALT (U/L) ALP (U/L) TP (g/dL) 

Controls 

(G1) Normal uninfected 19.43±3.33 17.43±5.37 87.43±3.81 6.7±4.13 

(G2) Infected non-treated  69.57±3.77 62.57±3.81 108.79±4.19 4.75±2.87 

7 days post infection 

(G3) Mefloquine  48.36±4.11*** 38.07±4.63*** 96.57±3.70*** 5.85±6.49 

(G4) Chitosan nanoparticle 27±4*** 31.71±4.37*** 90.5±4.2*** 4.78±2.88 

(G5) Mefloquine + Chitosan nanoparticle 27.64±4.28*** 31.64±3.92*** 100.36±3.69** 4.94±2.6 

(G6) Praziquantel + Mefloquine  51.57±3.37*** 35.36±4.40*** 108.86±4.09 5.43±3.24 

(G7) Praziquantel + Mefloquine + Chitosan nanoparticle 27.14±3.80*** 28.29±3.81*** 93.36±3.69*** 5.74±3.24 

21 days post infection 

(G8) Mefloquine 29.14±3.94*** 26±4*** 85±3.7*** 4.86±3.04 

(G9) Chitosan nanoparticle 42.64±3.81*** 35.98±4.43*** 89.85±3.12*** 4.13±2.24 

(G10) Mefloquine + Chitosan nanoparticle 26.36±3.15*** 29.49±4.17*** 89.98±4.30*** 4.90±3.09 

(G11) Praziquantel + Mefloquine  27.90±3.20*** 28.5±2.99*** 91.71±4.62*** 4.66±2.89 

(G12) Praziquantel + Mefloquine + Chitosan nanoparticle  26.86±4.26*** 24.5±3.15*** 103.23±3.90* 4.45±3.22 

35 days post infection 

(G13) Praziquantel  40.86±4.01*** 32.19±4.80*** 102.98±3.33* 4.90±3.20 

(G14) Praziquantel + Chitosan nanoparticle 30.51±1.52*** 31.54±2.53*** 93.10±2.21*** 6.31±0.12 

AST: aspartate aminotransferase enzyme; ALT: alanine aminotransferase enzyme; ALP: alkaline phosphatase; TP: total protein; *** 

Highly significant difference from infected control group (P<0.001).  **Moderately significant difference from infected control group 

(P<0.01). *Significantly relative to infected control group (P<0.05). 

 

Table 2: Interleukin-10 cytokine (IL-10) levels in different groups sacrificed after 8 weeks from infection 

Animal Groups IL- 10 (pg/mL) 

Controls 

 (G1) Normal uninfected 14.06±4.03 

 (G2) Infected non-treated 178.57±12.53*** 

7 days post infection 

 (G3) Mefloquine 60±4*** 

 (G4) Chitosan nanoparticle  93.36±3.69*** 

 (G5) Mefloquine + Chitosan nanoparticle 104.86±4.16*** 

 (G6) Praziquantel + Mefloquine  84.36±4.26*** 

 (G7) Praziquantel + Mefloquine + Chitosan nanoparticle 103.64±3.59*** 

21 days post infection 

 (G8) Mefloquine  35.36±4.40*** 

 (G9) Chitosan nanoparticle 58.40±3.20*** 

 (G10) Mefloquine + Chitosan nanoparticle 36.08±4.59*** 

 (G11) Praziquantel + Mefloquine  35±4*** 

 (G12) Praziquantel + Mefloquine + Chitosan nanoparticle  105.26±4.17*** 

35 days post infection 

 (G13) Praziquantel  59.30±3.37*** 

 (G14) Praziquantel + Chitosan nanoparticle 37±6.25*** 

*** Highly significant difference from negative control group (P<0.001). 
 

including a limited efficacy against immature schistosome 

stages and stage-dependent susceptibility. Accordingly, a 

persistent urgency is existing for producing different anti-

schistosomal   drugs   due   to   the  emergence  of  resistant 

parasites in the programs conducted for schistosomiasis 

control that resulted in reduced recovery percentages in 

increasingly prevalent areas after PZQ administration 

(Doenhoff et al. 2008). Mefloquine (Mef), a medication for 

malaria, has antimicrobial activities with broad spectrum 

(Kunin and Ellis 2000) and showed promising 

antischistosomal properties in afflicted S. mansoni animals 

(Manneck et al. 2010).  

Although the effectiveness of each drug of PZQ and 

Mef when administered individually, antagonistic effects 

have been surprisingly shown in parasites exposed to PZQ 

for one hour followed by Mef (Keiser et al. 2011). 

Nanotechnology has been focused on enhancing the 

biopharmaceutical characteristics of poorly water-soluble 

medications (Kolenyak-Santos et al. 2015). 

Assessment of liver damage during Schistosoma 

infection greatly involved the serum values assessment of 

AST and ALT which are released in the blood circulation 

as a result of membrane damage to the liver (Al-Sayed et 

al. 2014). According to Essam and Ashraf (2013), 

hepatocytes may be devastated through destructive reaction 

of toxins of Schistosoma eggs giving rise to an increase in 

levels of these enzymes in serum. Moreover, the main 

cause responsible for the increment in AST, ALT and ALP 

after the affliction of Schistosoma refers to the damage of 

hepatocytes membrane as reported by Naik et al. (2011). 

The current research revealed that Mef at 7- and 21-days PI 

significantly reduced the AST, ALT, and ALP values in 

afflicted treated mice reflecting preservation of the 

membrane’s efficiency in hepatocytes. This maintenance 

of liver function and integrity was initiated by significant 

reducing in oxidative stress since Mef causes the worm 

tegument to deteriorate which consequently limits or 

promotes the patient immune response and hence generates 

a repairing and reversing the fibrous tissues (Xiao et al. 

2010). In agreement with Zimmerman (1999), remedy of 

praziquantel was linked to a surge of ALT in comparable 

to uninfected control mice. In addition, PZQ increased AST 
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levels in serum as reported in a study of El-Lakkany et al. 

(2011).  In our study, chitosan treated groups showed high 

levels of ALT in the two phases of maturity and immaturity 

comparable to uninfected control mice. These noticed 

highly ALT levels refer to either acute or chronic damage 

of the liver (Naik and Panda 2007). From the hepatic 

enzymes results, the combination of CS-NPs with PZQ and 

Mef may contribute to the chronic complications due to 

schistosomiasis to be diminished. Concerning the 

nanotechnology therapeutic utilizations and the 

detoxification role of hepatic tissues, few reports have 

explained toxicity of nanotechnology to the liver (Jing et 

al. 2010). 

Deterioration to certain protein during pathogenesis is 

considered a main contributor to metabolic failure 

(Bandyopadhyay et al. 1999; Umair et al. 2022). The 

current investigation aligns with El-Emam et al. (2011) 

report, which revealed an induced serum total protein 

decrease due to the infection with S. mansoni. 

Schistosomiasis has generated a response which was 

shown as fibrosis and granulomas as a result to the hepatic 

and intestinal trapped ova. Immunity system fails to 

eradicate the parasite despite antigen identification is a 

hurdle in the control and treatment of schistosome 

infections (Velavan and Ojurongbe 2011). Th2 responses 

induced by schistosomiasis result in granulomatous lesions 

which represent a protection to the host but in some cases 

lead to a severe disease (Van Tong et al. 2017). According 

to a study of Hoffmann et al. 2000, Th2- type responses 

have indicated a protective role from tissue damage in 

schistosome infections which was expressed in the present 

research as an immense inflation of IL-10 level of infected 

untreated group in comparison with uninfected control 

group. In addition, production of IL-10 has been associated 

with disease development (van den Biggelaar et al. 2000), 

reduction of dendritic cells and macrophages activation and 

suppression of ova-induced hepatotoxicity during the acute 

stage of S. mansoni infection (Herbert et al. 2008). 

Treatment with the pharmaceutical drug praziquantel 

was evidenced to induce an alteration in the immune 

response in a way that provides a certain protection 

against schistosome infection, offering potential 

advantages beyond a decline in infection levels (Mutapi 

et al. 1998). The current investigation has demonstrated 

that mice treated with praziquantel accompanied with 

mefloquine and chitosan as a chemotherapy for 

schistosomiasis at 7- and 21-days PI have highly 

significant differences of IL-10 more than those treated in 

the other groups as compared with negative control group. 

In comparison between G5 and G7, G7 showed a reduced 

level of IL-10 than G4 in the immature stage which may 

be due to the antagonistic effect of the two drugs together. 

The synergistic effect during association of CS-NPs with 

PZQ and Mef appeared evidently in reducing the doses of 

drugs by half which exceeds the total doses administration 

of the drugs. 

 

Limitations 

The probable effects of CS-NPs united with 

Schistosoma drugs, PZQ and Mef, on halting or relieving 

the intensity of the disease complications and on reducing 

the shortcomings of the drugs were not assessed which 

require more studies. 

Conclusion 

The results obtained suggest that the association of 

drugs praziquantel and mefloquine with the aid of 

nanotechnology represented in chitosan may be a possible 

avenue for drug repositioning against schistosomiasis as it 

relieves the biochemical responses and induces a change in 

the immune response that exhibits a protection against 

schistosome infection. When united with either PZQ or 

Mef or both, CS-NPs obviously decreased the drug dosages 

by half, which exhibited privileged findings than that of the 

drug administration in the entire dosage. For recognizing 

the adverse effects and the practical biological applications 

of these formulations on humans that necessitate prolonged 

time and extensive funding, extra research will be 

encouraged. 
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