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Abstract: Praziquantel (PZQ), the drug of choice according to the World Health Organization (WHO), causes some side 

effects. The appearance of drug resistance against PZQ in Schistosoma mansoni infected species leads to must introduce new 

effective compounds and/or suppress its side effects. The aim of present work is a trial to solve this problem. Chloroform 

extract of Citharexylum quadrangular jacq leaves was used as a medicinal plant, which affect the Schistosoma mansoni adults. 

Prophylactic and therapeutic treatment of Schistosoma mansoni infected mice with the plant extract and/or the antioxidants 

vitamin E and selenium in combination with PZQ was studied. The study revealed that the combination of the chloroform 

extract together with vitamin E and selenium improved the efficiency of PZQ. These supplementations are very effective in 

ameliorating the oxidative insult as well as other parameters: glutathione reductase (GR), thioredoxin reductase (TrxR), 

catalase (CAT) and reduced glutathione (GSH), nitric oxide (NO) and lipid peroxidation (MDA), hepatic hydroxyproline 

content, Alanine aminotransferase (ALT), Gamma-glutamyltransferase (γ-GT), tumor necrosis factor-alpha (TNFα), 

interleukin- 10 (IL-10) and total immunoglobulin E (total IgE) associated with Schistosoma mansoni infection. 
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1. Introduction 

Schistosomiasis is a notable neglected tropical disease 

caused by trematodes that inflame mainly the intestines, 

bladder, and liver. Because of the unavailability of a 

schistosomiasis vaccine, control of the disease depends mainly 

on chemotherapy. Praziquantel (PZQ), which is active against 

all schistosome species and the recommended drug by the 

World Health Organization (WHO) for schistosomiasis 

treatment at either the community or individual level, has 

become the exclusive drug because of its low cost and efficacy 

against the adult form of all schistosome species [1]. There are 

emerging problems with praziquantel treatment, which include 

the appearance of drug resistance in the treatment of 

Schistosoma mansoni and possibly Schistosoma japonicum, 

along with allergic or hypersensitivity reactions against 

praziquantel treatment [2]. Histopathological examination of 

some patients showed the presence of viable eggs and 

granulomas in the productive phase post-treatment with PZQ 

[3]. To cope with and overcome these problems, combined use 

of drugs, i.e., praziquantel and other newly introduced 

compounds such as triclabendazole, artemisinins, and 

tribendimidine, is being tried [2]. 

The objective of the present study is a trial to improve the 

efficiency of PZQ and decrease its side effects, by using some 

micronutrients vitamin E (Vit E) and selenium (Se) and 

chloroform extract of Citharexylum quadrangular Jacq leaves. 

This was achieved through prophylactic and therapeutic 

treatments of S. mansoni infected mice with these agents in 
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combination with PZQ compared with treatment of PZQ only. 

2. Materials and Methods 

2.1. Chemicals 

All chemicals used were of high analytical grade, products 

of Fluka, Sigma and Aldrich Co. (St. Louis, MO, USA). 

2.2. Plant Collection and Extraction 

Leaves of C. quadrangular Jacq (family: Verbenaceae) 

were collected (April, 2009) from the Zoo, Giza, Egypt. It 

was identified by Mr. Mahmoud Yosery, General Manager 

and Head of Specialists of Plant Taxonomy, Giza Zoo, Egypt. 

The dried powdered leaves were extracted exhaustively in 

a Soxhlet apparatus using the following successive solvents 

with increasing polarities: Petroleum ether (40-60°C) 

followed by chloroform. After complete extraction, the 

chloroform solvent was evaporated to dryness under vacuum 

at 40°C yielding semisolid free chloroform extract residue. 

2.3. Animals and Toxicity of Tested Plant Extract 

Swiss albino female mice CDI strain (18-22 g) were 

selected and maintained throughout the experiment in the 

Schistosome Biological Materials Supply Program, Theodor 

Bilharz Research Institute (SBSP/TBRI), Giza, Egypt. Mice 

were kept in a controlled environment of air and temperature 

with access to diet and water ad libitum. 

Thirty six mice were divided into 6 groups (6 mice each) for 

determination of chloroform extract of C. quadrangular leaves 

safety. Six doses (500-5000 mg/Kg) were suspended in corn 

oil and orally administrated to mice. 24 hours post oral 

administration, numbers of dead animals were counted and the 

mortality rate was calculated. No dead mice were recorded up 

to 5000 mg/kg body weight (B.wt) revealing extract safety. 

2.4. Experimental Design 

Hundred and ten normal female mice were divided into 

eleven equal groups. 

Group 1: served as normal healthy animals. 

Groups 2: S. mansoni infected mice. 

Groups 3: S. mansoni infected mice treated with PZQ (500 

mg/ Kg B.wt /day) for two consecutive days [4] (6 weeks 

post infection). 

Group 4 to 7: (Prophylactic groups) Animals supplemented 

with Vit E (100 mg/Kg B.wt), Se (200µg/Kg B.wt) [5], 

chloroform extract of C. quadrangular leaves (500 mg/ Kg 

B.wt/day) or the mixture of all of these supplements 

respectively for four weeks before infection and along with 

the experimental period after the infection and treated with 

PZQ for two consecutive days (6 weeks post infection). 

Group 8 to 11: (Therapeutic groups) S. mansoni infected 

mice reached mature steps were treated with the different 

studied supplements in combination with PZQ. The different 

supplements were given orally for two weeks, while PZQ 

was ingested only for two consecutive days. 

2.5. Biological Studies 

2.5.1. Parasites and Infection 

Cercariae of S. mansoni Egyptian strain were obtained 

from SBSP/TBRI and used for infection immediately after 

shedding from Biomphalaria alexandrina snails. Infection 

was carried out with 75±5 S. mansoni cercariae/ mouse by 

subcutaneous injection [6]. 

2.5.2. Liver Perfusion 

At the end of the experimental period (8 weeks post 

infection), mice were euthanized by decapitation. Worms 

were recovered from the hepatic portal system by perfusion 

technique [7]. The worms from each mouse were left to 

sediment for about 20 min in a small Petri dish and counted 

under light microscope. The degree of protection or the % of 

reduction after challenge was calculated as follows: P= C-

V/C×100, where P is the % protection, C is the mean number 

of the parasites recovered from untreated infected mice and V 

is the mean number of the parasites recovered from treated 

infected mice. 

2.5.3. Tissue Egg Load 

The number of eggs/g tissue (liver and intestine) was 

assessed following digestion with 4% KOH according to 

Kamel et al. [8]. 

2.6. Histopathology and Granuloma Measurements 

Representative slices from liver tissue were taken from the 

eviscerated animals and fixed in buffered formalin (10%). 

Paraffin embedded sections (4µm thick) were taken after 

fixation and slides were stained using hematoxlin and eosin 

(H& E) by the method of Hirsch et al. [9]. Counting of 

granulomas was carried out according to Mahmoud and 

Warren [10]. 

2.7. Biochemical Studies 

The blood of sacrificed mice was collected and serum was 

separated by centrifugation at 3000 r.p.m for 10 minutes at 

4°C and stored at -80°C for further biochemical 

determinations. 

After liver perfusion, livers from different animal groups 

were immediately removed, weighed and washed using 

saline solution. The liver tissues were minced and 

homogenized in either 10% trichloro-acetic acid for NO  and 

MDA determinations or in ice cold bidistilled water for 

hydroxyproline, GR, TrxR, CAT and GSH determinations to 

yield 10% homogenate using a glass homogenizer. The 

homogenates were centrifuged for 15 minutes at 3000×g at 

4°C and the supernatants were stored at -80°C for further 

biochemical analysis. 

2.7.1. Tissue Biochemical Analysis 

The levels of antioxidant markers: GR [11], TrxR[12], 

CAT [13] and GSH [14] were estimated in the liver tissue 

homogenates of the tested and control groups. The hepatic 

hydroxyproline content [15], NO [16] and MDA [17] were 

measured in livers of different experimental groups. 
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2.7.2. Serum Biochemical Analysis 

Alanine aminotransferase (ALT) was measured using kit 

purchased from Greiner Diagnostic GmbH (Germany). 

Gamma-glutamyltransferase (γ - GT) was determined using kit 

purchased from SPINREACT (Spain). Albumin was measured 

using kit purchased from Diamond Diagnostic (Egypt). 

Enzyme linked immunosorbent assay (ELISA) procedure was 

used for quantitative determination of mouse tumor necrosis 

factor-alpha (TNFα), interleukin- 10 (IL-10) and total 

immunoglobulin E (total IgE) using kit purchased from 

Thermo Scientific (USA) and  Shibayagi (Japan), respectively. 

2.7.3. Statistical Analysis 

The results were presented as mean ± standard deviation 

(S.D.) of 10 mice in each group. Results were analyzed 

statistically by one way analysis of variance (ANOVA) using 

SPSS (Statistical Package for the Social Sciences, version 9) 

software followed by post-hoc test at least significance 

difference between groups at p ≤ 0.05. 

2.7.4. Ethics 

This study was conducted in accordance with legal ethical 

guidelines of the Medical Ethical Committee of the National 

Research Center, Dokki, Egypt (approval no. 09210). 

3. Results 

3.1. Oral Safety Study 

No mortality or clinical signs of toxicity were observed on 

administration of chloroform extract of C. quadrangular 

leaves to normal healthy mice on using doses up to 

5000mg/Kg body weight after 24 hours of plant extract 

ingestion. 

3.2. Effect of Different Supplements 

3.2.1. Effect on Parasitological Parameters 

Treatment of S. mansoni infected mice with PZQ only 

showed a significant reduction in total worm burden as well 

as in total egg burden collected from liver and intestine when 

compared to infected untreated mice (P ≤ 0.05) (table 1). 

Prophylactic and therapeutic ingestion of either of vitamin E, 

Se, plant extract or the mixture of all agents together with 

PZQ showed hundred percent reductions against total worm 

burden. Also, the effect of PZQ in combination with different 

supplements (Vit E, Se, plant extract and the mixture of all 

supplements) improved the ova count by (82.4, 88.77, 91.22 

& 94.8% respectively) in prophylactic treatment and (79.54, 

82.55, 86.13 & 89.29% respectively) in therapeutic treatment 

with respect to infected untreated mice. Also, a reduction in 

granuloma number and its diameter (table 1) was obtained in 

these groups. The therapeutic treatment of infected mice with 

Vit E, Se and the mixture of all supplements in combination 

with PZQ revealed no significant improvement in granuloma 

count versus the group treated with PZQ only. Vit E, Se and 

plant extract in combination with PZQ were less effective 

than PZQ only against granuloma diameter. The best results 

were obtained in case of the prophylactic treatment of the 

studied agents in combination with PZQ. 

Table 1. Prophylactic and therapeutic effect of different supplementations on parasitological parameters 

Parameter 

Animals gps 

Total worm burden Total ova count No. of granuloma in liver Granuloma diameter in liver (µm) 

Prophylactic 

groups 

Therapeutic 

groups 

Prophylactic 

groups 

Therapeutic 

groups 

Prophylactic 

groups 

Therapeutic 

groups 

Prophylactic 

groups 

Therapeutic 

groups 

Infected untreated 38.80 ± 4.51 36.80 ± 5.79 43489 ± 91 43464 ± 276 7.31 ± 0.97 7.37 ± 1.09 227.82 ± 16.6 232.37 ± 9.27 

PZQ 1.25 ± 1.03b 0.60± 0.88b 8910 ± 606b 8899 ±641b 4.76 ± 0.99b 4.74 ± 1.13b 159.73± 18.38b 153.73±17.4b 

Reduction % 96.77 98.36 79.51 79.52 34.88 35.68 29.88 33.84 

Vit. E + PZQ 0b 0b 7651± 523bc 8891 ± 813b 3.49 ± 1.07bc 3.72 ± 0.75b 149.86 ± 4b 184.41± 15.2bc 

Reduction % 100 100 82.4 79.54 52.25 49.52 34.21 20.63 

Se + PZQ 0b 0b 4880± 588bc 7581 ± 693bc 2.67 ± .82bc 4.62 ± 1.23b 118.18 ± 6.22bc 183.63± 10.9bc 

Reduction % 100 100 88.77 82.55 66.89 37.31 48.12 20.97 

Plant extract + PZQ 0b 0b 3818± 465bc 6025 ± 832bc 2.45 ± 0.21bc 3.43± 1.15bc 122.53 ± 4.36bc 163.79 ± 8.06b 

Reduction % 100 100 91.22 86.13 66.48 53.45 46.21 29.51 

Mixture + PZQ 0b 0b 2258± 147bc 4653 ± 490bc 2.33 ± 0.72bc 4.28 ± 1.13b 108.12 ± 4.09bc 120 ± 7.71 bc 

Reduction % 100 100 94.8 89.29 69.9 41.92 52.54 48.34 

Data are expressed as mean ± SD of 10 mice in each group. (b) is the level of significance at P ≤ 0.05 compared with infected untreated group. (c) is the level 

of significance at P ≤ 0.05 compared with PZQ treated group. 

3.2.2. Effect on Liver Histopathology 

S. mansoni infected liver showed large granuloma and excess inflammation cells (Fig. 1b) compared to normal liver section 

(Fig. 1a). The therapeutic effect of PZQ only recorded reduction of granuloma area, modulating size of granuloma with a 

trapped or disintegrating central Schistosoma eggs (Figs. 1c). Prophylactic and therapeutic treatments with the investigated 

supplements in combination with PZQ treatment improved the liver picture when compared with the infected untreated mice 

(Figs. 1d, e, f, g, h, i, j & k). 
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Fig. 1. Photomicrograph of liver sections. (a) Normal liver; (b) infected, exhibiting large granuloma with excess inflammatory cells and central schistosome 

egg; (c) PZQ treated group showing reduction of granuloma size with disintegrated centeral egg (d) prophylactic Vit. E+PZQ treated liver showing reduction 

of granuloma; (e) therapeutically Vit. E+PZQ group showing reduction of granuloma with disintegration of egg; (f) prophylactic Se+PZQ treated liver 

showing reduction of granuloma size and accumulation of inflammatory cells; (g) therapeutically Se+PZQ treated mouse exhibiting granuloma with 

disintegrated  egg; (h) prophylactic plant extract treated group showing reduction of granuloma area; (i) therapeutically plant extract treated liver exhibiting 

granuloma with disintegrated egg and a moderate accumulation of eosinophils in the centre; (j) prophylactic group treated with the mixture of all agents 

showing reduction granuloma and a marked infiltration of lymphocytes; (k) therapeutic treated groups with the mixture of all supplementations showing 

reduction in granuloma size and accumulation of inflammatory cells. 

3.2.3. Effect on Liver Biochemical Parameters 

Infection with S. mansoni recorded a marked decrease in 

the levels of hepatic enzymatic antioxidants; GR, TrxR, CAT 

(P ≤ 0.05) compared to control groups. The decrease in GR 

was associated with a decrease in hepatic non-enzymatic 

antioxidant, GSH (table 2). The treatment of infected mice 

with PZQ showed an improvement in the studied parameters 

when compared to infected untreated group (P ≤ 0.05). 

Prophylactic or therapeutic treatment with the current agents 

in combination with PZQ markedly increased the antioxidant 

levels as compared to infected animals. All supplements 

either in prophylactic or in therapeutic groups enhanced the 

improvement of enzymatic hepatic antioxidant when 

compared to group treated with PZQ alone (table 2). 

Table 2. Prophylactic and therapeutic effect of different supplementations on the levels of hepatic antioxidant markers 

Parameter 

Animals gps 

GR (nmol/min/mg protein) TrxR (µmol/min/mg protein) CAT (µmol/min/mg protein) GSH (µmol/g tissue) 

Prophylactic 

groups 

Therapeutic 

groups 

Prophylactic 

groups 

Therapeutic 

groups 

Prophylactic 

groups 

Therapeutic 

groups 

Prophylactic 

groups 

Therapeutic 

groups 

Clean control 91 ± 1.93 90.4± 2.77 37.27 ± 2.22 36.49 ± 3.68 19.39 ± 1.62 18.88 ± 1 10.11 ± 1 9.82 ± 0.69 

Infected untreated 41.91± 2.02a 42.26± 3.33a 10.38 ± 1.5a 9.57 ± 1.67a 7.27 ± 1.13a 6.1 ± 0.7a 3.55 ± 0.59a 3.47 ± 0.4a 

PZQ 71.58 ± 1.44ab 71 ± 1.81ab 22.15 ± 1.23ab 21.53 ± 1.17ab 12.36 ± 1.54ab 11.6 ± 1.06ab 5.8 ± 0.6ab 5.73 ± 0.42ab 

Vit. E + PZQ 80.04 ±2.76abc 76.53 ±3.17abc 25.69 ±1.68abc 25.62 ± 1.11abc 15.68 ± 1.38abc 13.13 ± 1.2abc 6.13 ± 0.31ab 5.88 ± 0.66ab 

Se + PZQ 84.95± 3.06abc 83.86 ±3.11abc 28.13 ±0.89abc 25.47 ± 1.99abc 14.37 ± 1.23abc 12.84 ± 0.98abc 6.13 ± 0.37ab 5.4 ± 0.39ab 

Plant extract +PZQ 86.35± 2.03abc 85.02 ±2.34abc 31.75 ± 1.7abc 29.73 ± 2.39abc 14.76 ± 1.42abc 13.42 ± 0.58abc 6.42 ± 0.43abc 6.18 ± 0.63ab 

Mixture + PZQ 88.68± 3.17bc 86.53 ±2.06abc 35.18 ±2.79abc 31.85 ± 1.62abc 16.53 ± 1.38abc 14.95 ± 1.04abc 7.76 ± 0.49abc 6.63 ± 0.39abc 

Data are expressed as mean ± SD of 10 mice in each group. (a) is the level of significance at P ≤ 0.05 compared with control group. (b) is the level of 

significance at P ≤ 0.05 compared with infected untreated group. (c) is the level of significance at P ≤ 0.05 compared with PZQ treated group. 

The results revealed that infection with S. mansoni led to 

significant elevation of liver hydroxyproline when compared 

to normal uninfected mice (table 3). Also the present data 

revealed that animals treated with PZQ only showed a 
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significant improvement in hydroxyproline content compared 

with infected untreated animals. Different prophylactic and 

therapeutic treatments with different supplementats in 

combination with PZQ induced a significant improvement in 

hydroxyproline content when compared to infected untreated 

mice. No great change was found in the level of 

hydroxyproline between the groups treated prophylactically 

nor therapeutically with either of the agents in combination 

with PZQ and the group treated with PZQ alone. 

Regarding to NO and MDA content, S. mansoni infection 

induced elevation in their levels as compared with normal 

mice (table 3). Administration of PZQ only or with the 

investigated supplements successfully ameliorated the 

deviation in these markers compared to infected animals. 

Table 3. Prophylactic and therapeutic effect of different supplementations on the levels of hepatic hydroxyproline and hepatic oxidative stress markers 

Parameter 

Animals gps 

Hydroxyproline (µg / g liver tissue) NO (µg / g liver tissue) MDA (nmol / g liver tissue) 

Prophylactic 

groups 

Therapeutic 

groups 

Prophylactic 

groups 

Therapeutic 

groups 

Prophylactic 

groups 

Therapeutic 

groups 

Clean control 185.13 ± 11.6 182.75 ± 9.81 16.54 ± 1.2 16.16 ± 0.77 20.66 ± 2.42 20.37 ± 2.26 

Infected untreated 648.23 ± 54.04a
 656.39 ± 49.03a

 76.79 ± 2.86a
 78.02 ± 3.54a

 54.56 ± 1.63a
 55.55 ± 1.59a

 

PZQ 282.61±22.92ab
 283.12±16.45ab

 36.71 ± 1.38ab
 37.24 ± 1.12ab

 32.92 ± 1.79ab
 33.85 ± 1.45ab

 

Vit. E + PZQ 266.27±27.6ab
 281.76±33.83ab

 36.61 ± 2.5ab
 42.54 ± 0.85abc

 31.34 ± 1.65ab
 35.9 ± 0.60abc

 

Se + PZQ 277.72±19.73ab
 289.72±17.82ab

 35.36 ± 1.87ab
 41.31 ± 2.32abc

 32.74 ± 1.74ab
 31.98 ± 1.12abc

 

Plant extract + PZQ 257.55±11.27ab
 273.65±10.74ab

 30.12 ± 2.32abc
 36.63 ± 2.11ab

 28.06 ± 1.84abc
 31.46 ± 1.18abc

 

Mixture + PZQ 254.01±13.68abc
 278.89±15.32ab

 22.2 ± 2.24abc
 33.03 ± 1.60abc

 24.15 ± 1.92abc
 30.66 ± 0.88abc

 

Data are expressed as mean ± SD of 10 mice in each group. (a) is the level of significance at P ≤ 0.05 compared with control group. (b) is the level of 

significance at P ≤ 0.05 compared with infected untreated group. (c) is the level of significance at P ≤ 0.05 compared with PZQ treated group.  

3.2.4. Effect on Serum Biochemical Parameters 

Table 4 shows a marked increase in the level of serum IL-

10, TNF-α, total IgE, ALT and GGT in infected untreated 

mice accompanied with a significant decrease in the level of 

serum albumin compared with normal mice. Treatment with 

PZQ only to S. mansoni infected mice significantly 

modulated the alteration in the above mentioned biomarkers 

comparing with infected untreated mice. The prophylactic 

effect of either of vitamin E, Se, plant extract or the mixture 

of all supplements in combination with PZQ improved serum 

biomarkers more than that obtained with either the 

therapeutic effect of the mentioned supplements or treatment 

with PZQ only. 

Table 4. Prophylactic and therapeutic effect of different supplementations on the levels of serum biochemical parameters  

Animal groups 

Parameter 
Clean control Infected untreated PZQ Vit. E + PZQ Se + PZQ 

Plant extract + 

PZQ 
Mixture + PZQ 

IL-10 

(pg/ml) 

Prophylactic 

group 
68.67 ± 4.44 191.3 ± 22.3a 110.12 ± 8.42ab 92.62 ± 11.9abc 88.02 ± 5.1abc 75.73 ± 3.71bc 81.25 ± 5.36bc 

Therapeutic 

group 
73.35 ± 8.33 188.28 ± 17.93a 108.02 ± 8.05ab 99.56 ± 13.6ab 104.27 ± 9.76ab 90.02 ± 7.59abc 94.52 ± 5.24ab 

TNF-α 

(pg/ml) 

Prophylactic 

group 
64.67 ± 14.47 226.44 ± 15.83a 129.52 ± 7.43ab 111.14 ± .29abc 100.26 ± .14abc 82.78 ± 10.91abc 78.07 ± 11.97bc 

Therapeutic 

group 
69.33 ± 9.92 227.94 ± 13.05a 135.15 ± 5.28ab 119.37 ±6.94abc 121.92 ± 1.3abc 108.72 ± 1.27abc 114.05 ± 9.54abc 

Total IgE 

(ng/ml) 

Prophylactic 

group 
51.31 ± 2.11 147.45 ± 4.96a 97.52 ± 4.9ab 57.38 ± 3.3abc 56.87 ± 5.04bc 46.33 ± 4.34bc 47.31 ± 5.4bc 

Therapeutic 

group 
52.87 ± 1.88 150.01 ± 3.28a 99.21 ± 7.41ab 65.88 ± 7.67abc 62.54 ± 9.12abc 55.5 ± 7.68bc 57.79 ± 9.78bc 

ALT 

(U/L) 

Prophylactic 

group 
28.58 ± 1.03 89.94 ± 1.17a 46.17 ± 0.76ab 41.51 ± 1.86abc 38.87 ± 1.77abc 35.3 ± 1.19abc 31.22 ± 1.83abc 

Therapeutic 

group 
29.21 ± 0.84 91.15 ± 1.78a 47.61 ± 1.21ab 45.5 ± 1.02abc 44.72 ± 0.93 abc 42.65 ± 1.27abc 39.33 ± 0.67abc 

GGT 

(U/L) 

Prophylactic 

group 
16.03 ± 1.54 56.8 ± 1.41a 27.16 ± 1.34ab 23.26 ± 1.63abc 21.46 ± 1.55abc 20.64 ± 1.75abc 19.19 ± 1.81abc 

Therapeutic 

group 
15.98 ± 2.03 56.69 ± 2a 27.83 ± 1.32ab 24.38 ± 0.95abc 23.01 ± 1.24abc 23.62 ± 1.09abc 20.81 ± 1.20abc 

Albumin 

(g/dl) 

Prophylactic 

group 
3.93 ± 0.59 0.92 ± 0.18a 2.75 ± 0.43ab 3.01 ± 0.19ab 2.97 ± 0.17ab 3.18 ± 0.22abc 3.34 ± 0.21abc 

Therapeutic 

group 
3.65 ± 0.45 0.98 ± 0.14a 2.69 ± 0.48ab 2.7 ± 0.33ab 2.73 ± 0.31ab 2.89 ± 0.19ab 3.15 ± 0.12abc 

Data are expressed as mean ± SD of 10 mice in each group. (a) is the level of significance at P ≤ 0.05 compared with control group. (b) is the level of 

significance at P ≤ 0.05 compared with infected untreated group. (c) is the level of significance at P ≤ 0.05 compared with PZQ treated 
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4. Discussion 

The efficacy of praziquantel is restricted to the adult stages 

of the parasite and the mechanism of action of this drug is 

still not completely understood. Praziquantel is administered 

to 100 million people every year and less sensitive strains 

have already been isolated from those peoples. This 

phenomenon leads to use of large amount of drug 

administration which become a serious problem [18]. 

Searching of new drug against schistosomiasis is become the 

need of time and also recommended by the World Health 

Organization [19]. 

The current study demonstrates that oral administration of 

PZQ to mice harboring S. mansoni have shown potent anti-

schistosomal activity against worm burden however, it 

showed less effect against egg burden. These findings are in 

agreement with previous investigators who reported that 

praziquantel, which is effective against the worm stages of 

the parasite [20], has only some ovicidal activity against 

mature schistosomal eggs [21], [22]. The reduction in worm 

burden with PZQ treatment was previously explained by 

some authors who illustrated that oral administration of PZQ 

is rapidly and efficiently absorbed from the intestine and 

reaches maximum serum levels within 1-2 hours [23]. The 

mechanism of drug action explained on the basis that the 

drug is able to increase the permeability of the worm muscle 

cells to calcium ions which in turn lead to paralysis of the 

parasite. Hepatic shift is observed within 5 minutes after a 

single oral dose for infested mice [24]. 

In a previous study [25] we found that the different 

supplementations induced a reduction in worm burden as 

well as ova count. These reductions did not reach the 

improvement effect of PZQ as a drug alone. Accordingly, the 

present work aimed to study the combination with PZQ of 

the different supplementations with PZQ. 

The present data showed that the different supplements 

powered the effect of PZQ either in prophylactic or treated 

studies. 

Reduction in worm burden due to Vit E or Se may be 

attributed to their antioxidant characteristics. Anti-oxidant 

supplements are thought to enhance the immunity of the host 

to attack the parasite and thereby reduce infectious morbidity 

and protect the mice from pathogens (parasites) to a certain 

level [26]. Also, Ali [27] proved the importance of 

antioxidant in the treatment of schistosomal infection and 

reduction of worm load as well as ova count. 

The possible mechanism which may explain the 

antischistosomal effect of C. quadrangular extract is that it 

contains active constituents (triterpenes and falvonoid 

alaglycons) which may have a direct effect on the vitality of 

schistosome different stages as well as the fecundity of the 

remaining female adult worms [28]. The plant extract strongly 

affect the antioxidant system (glutathione concentration, 

glutathione reductase activity and lipid peroxidation) of adult 

worms. These parameters have an important role in the 

protection of the parasite against host oxidant killing [29]. On 

the other hand El-Naggar [28] also proved that the plant 

extract affect cholinesterase activity of adult worms leading to 

its inhabitation and the paralysis of the worm. 

The reduction of ova count by the studied supplementation 

is possibly due to a positive linear relationship between the 

egg output and the worm burden, where the reduction of the 

number of worms is correlated with the reduction in the ova 

count. However, several other factors may also explain such 

reduction in schistosomal egg count. These factors are a 

probable diminished fecundity of the worm pairs and an 

increased rate of egg excretion due to the egg death [30]. 

Granuloma formation and fibrosis are the major causes of 

morbidity and mortality in association with schistosomiasis 

[31]. Previous studies revealed that the intensity of 

schistosomal infection which is represented by the worm 

burden and egg count increases the degree of liver fibrosis 

and granulomatous reaction [32]. This is in agreement with 

the present histopathological findings of infected untreated 

mice liver which showed an increased number and diameter 

of granuloma, total area of infection and extensive fibrous 

tissue accumulation. 

Treatment of infected mice with PZQ improved the 

histopathological picture of liver. This was ensured by 

significant diminution in number and diameters of 

granulomas compared with infected untreated mice. Our 

results are in line with Chaiworaporn et al. [33] and Botros et 

al. [34]. The prophylactic treatment of infected animals with 

the studied agents in combination with PZQ was more 

effective in improving histopathological liver picture and in 

reducing number and diameter of granuloma than PZQ alone. 

While the therapeutic treatment with the studied agents 

revealed no significant improvement versus the PZQ treated 

group. These results may indicate that the studied agents 

have synergistic protective effect with PZQ in improving the 

pathological manifestation of S. mansoni infection. Also, the 

treatment with the used supplementation before infection 

may improve certain immune response against egg antigen 

and consequentially this affect granuloma count and area of 

infection. Mahmoud et al. [35] and El-Shenawy et al. [36] 

found that addition of antioxidants increases the efficacy of 

PZQ in reducing the granuloma. 

Schistosomiasis causes a reduction in the levels of 

protective endogenous anti-oxidants and increases generation 

of free radicals [36]. The results of the present work indicated 

that infection of mice with S. mansoni produced a significant 

decrease in the non protienized antioxidant, GSH, as well as 

in the activities of the antioxidant enzymes including GR, 

TrxR, and CAT accompanied with an elevation in NO and 

MDA (the end product of LPO) in the livers of infected 

untreated mice. Our results showed that prophylactic and 

therapeutic treatment with different supplements (PZQ only 

as well as the used agents in combination with PZQ) to 

infected mice induced marked increase in GR, TrxR, CAT 

activities and GSH level and decreased the deviation in NO 

as well as MDA in livers when compared to infected 

untreated mice. The beneficial protective role obtained by the 
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studied supplementations in combination with PZQ in 

modulating the antioxidant and oxidative stress biomarkers 

of infected mice may be due to this enhance effect which 

reduces the parasite worms and eggs overload on one hand 

and the antioxidative properties of the studied supplements 

on the other hand. These two factors reduce the free radicals 

induced by the parasite in response to host reaction. 

The current investigation revealed that liver fibrosis in 

response to S. mansoni parasitic infection was documented 

by a marked increase in hepatic hydroxyproline.  

Hydroxyproline, is an amino acid characteristic of collagen 

metabolism and used as a marker to express the extent of 

liver fibrosis [37]. Similar result was obtained by some 

authors who emphasized that elevated liver hydroxyproline 

content was associated with S. mansoni infection [38], [39]. 

This may be attributed to that S. mansoni egg granulomas 

contain factors responsible for the elevation of free L-

hydroxyproline content in the fibrotic liver [40]. In addition, 

previous studies reported that  reactive oxygen species [41] 

and products of lipid peroxidation [42] are regarded as 

triggers that activate hepatic stellate cells, which is the key 

pathogenic event in liver fibrosis [43]. The current study 

showed that administration of PZQ down-modulate the 

alteration in liver hydroxyproline induced by of S. mansoni 

infection. This is in line with Gnanasekar et al. [39] and El-

Lakkany et al. [44]. The main explanation for this result is 

presumed to be a removal of schistosomal worms, and 

subsequent reduction of egg deposition and granuloma size. 

As well, using the current agents each alone or their mixture 

with PZQ successfully reduced the hydroxyproline level in 

livers of infected mice compared with infected untreated 

mice documenting their anti-fibrotic effect. The prophylactic 

treatment with the mixture of all supplementations in 

combination with PZQ was the most effective one in 

reducing the level of hepatic hydroxyproline versus the 

animals treated with PZQ only. This may be attributed to the 

antioxidative properties of the used agents therefore, it is 

possible that these agents eliminates the products of oxidative 

reactions and assists in the immune-mediated destruction of 

worms and eggs. The improvement in liver hydroxyproline in 

infected mice treated with either of Vit. E or Se may be 

attributed to decrease serum hyaluronic acid levels, which 

correlates with stages of hepatic fibrosis in liver disease [45] 

and reduction of transforming growth factor-β (TGFβ) 

secretion from hepatic stellate cells in the liver [46]. The anti-

fibrotic effect of the used plant extract could be attributed to 

its active compounds, triterpenes and flavonoid aglycons 

[28]. Flavonoids and triterpenes exhibited hepato-protective 

activity, anti-inflammatory and inhibitory effect on liver 

fibrosis [47]. 

Previous investigations revealed that non-immunologic 

and immunologic mechanisms play a central role in liver 

fibrosis [29]. In line with these investigations, the present 

study showed that S. mansoni parasitic infection induces the 

production of inflammatory fibrogenic mediators which 

ensured by the increase in serum TNF-α level coupled with 

an elevation in anti-inflammatory cytokine, IL-10. Our 

finding is in line with different authors [21, 22, 29, 48]. 

The overproduction of NO in livers in response to parasitic 

infection, that can induce oxidative stress and inflect tissue 

injury [49], may be related to the induction of oxidase 

enzymes as xanthine oxidase (XO) [29] and elevated levels 

of inflammatory cytokines including TNF-α in response to 

the activation of T-helper1 (Th1) cells as an early response to 

parasitic infection [50]. The anti-inflammatory cytokine IL-

10 is pivotal for the generation of host-protective homeostatic 

conditions in schistosomiasis [51]. Granuloma development 

enhances Th immune responses such as IL-10 [52]. Previous 

studies stated that increasing circulating immunoglobulin 

(Ig)E level is a humoral response to egg and adult worm 

antigens suggesting that this mechanism might be involved in 

hepatic pathological patterns [53]. IgE was reported to have 

the major role in mast cells stimulation which has a central 

role in the induction of chronic inflammation [54]. 

Prophylactic and therapeutic administrations of either Vit 

E, Se, plant extract or the mixture of all these agents in 

combination with PZQ treatment as well as the therapeutic 

treatment with PZQ only pronouncedly down-regulated the 

levels of the previously mentioned inflammatory mediators 

parallel with a reduction in the anti-inflammatory one, IL-10. 

The best results were obtained due to the protective ingestion 

of infected mice with either of plant extract or the mixture of 

all supplements in combination with PZQ. These treatments 

were effective in modulating the deviation in the 

inflammatory as well as the anti-inflammatory biomarkers 

with respect to infected animals treated with PZQ only. The 

improvement in the inflammatory and anti-inflammatory 

mediators may be attributed to the improved parasitological 

parameters by the used agents as well as the anti-oxidant 

parameters as mentioned before. 

In consistent with several studies, the present study 

showed that the inflammatory reactions induced in livers of 

S. mansoni infected mice are ensured by marked increase in 

serum GGT and ALT levels and a decrease in albumin level 

[29, 55]. The increase of such enzymes in serum may be due 

to the destruction of hepatocytes by the action of toxins of 

the parasite eggs leading to their release into the circulation 

[56]. The decrease in serum albumin may be due to its 

glycation by glucose forming fructosamine together with 

reduction in its synthesis by damaged liver [29]. 

Oral administration of the studied supplements in 

combination with PZQ, effectively ameliorated the above 

serum marker of infected mice. This positive response may 

be attributed to their ability to protect and stabilize cellular 

membranes permeability and integrity. This protective action 

of the used micronutrients is supported by Khalifa  et al. [57] 

and Soudani  et al. [58]. 

In conclusion, the combination of the studied supplements 

(vitamin E, Se, chloroform extract of C. quadrangular as well 

as their mixture) and PZQ improved the efficiency of PZQ on 

one hand. On the other hand, studied agents are very 

effective in attenuating the oxidative insult associated with S. 

mansoni infection. 
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