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This study was performed to evaluate treatment with Ocimum basilicum extract (OBE) alone (100mg/kg) 
and combined with Praziquantel (PZQ) (300mg/kg) in Schistosoma mansoni-infected mice. Schistosoma 
burden, tissue egg load and oogram pattern were detected. Histopathological examination of granuloma 
diameters and the male worm's ultrastructure alterations were examined. Immunohistochemical 
expression of CD3+ and CD20+ cells was conducted in the liver tissue and immunoglobulin G, interleukin 
10, nitric oxide and flow cytometric analysis of the blood CD4+ and CD8+ cells were measured to assess 
immune status. The antioxidant status was evaluated by determining the catalase and superoxide 
dismutase activities in serum. Significant changes in all the evaluated parameters with OBE treatment 
were detected. While PZQ was significantly more effective as an anti-parasitic drug, OBE was better on 
the level of immune and anti-oxidant status. The OBE/PZQ treatment showed almost similar results 
compared to PZQ administration alone. In conclusion, OBE anti-schistosomal and antifibrotic effects in 
the current animal model for schistosomiasis are potentially attributed to its immunomodulatory and 
antioxidant properties. 
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INTRODUCTION 

Intestinal schistosomaisis is important 
infectious parasitic diseases caused by the 
extracellular trematode parasite known as 
Schitosoma mansoni (Gunda et al. 2020). 
However, the disease-related mortality is low 
when compared to malaria; morbidity rates are 
high and usually underreported in Africa (Gunda 
et al. 2020). The development of morbidities 
among Schistosoma infected patients seems to 
be influenced by the effects of the induced 
immune response on the formation of granuloma 
and its pathological consequences in the targeted 
tissues (Cheever et al. 2000). 

In the last five decades, however, intensive 
research and efforts were done in order to 
eradicate schistosomiasis, the disease still a 

critical health obstacle in Egypt. Comprehensive 
measures were performed by the Egyptian 
government, such as snail control, mass 
chemotherapy treatment and environmental 
modifications which showed efficiency in 
minimizing the disease prevalence and morbidity, 
but unfortunately cannot prevent re-infection. The 
main managing strategy of schistosomiasis 
depends on the usage of effective drugs e.g. 
praziquantel (Gunda et al. 2020; Islam et al. 
2020). The high re-infection rates in people who 
exposed to contaminated water and drug 
resistance by Schistosoma parasites confirmed 
that the chemotherapy is not sufficient to control 
the disease transmission (Fenwick and Webster, 
2006). Therefore, the tendency to use natural 
products, especially medicinal plants as a safe 
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and effective solution have been encouraged 
(Shaaban et al. 2019; Islam et al. 2020). 

The perennial herb, Ocimum (O.) basilicum 
(basil), that belong to the family Lamiaccae, is 
used as a food spice and in the medical field. O. 
basilicum has demonstrated anti-proliferative, 
anti-microbial, anti-viral, anti-fungal, anti-
inflammatory, anti-ulcer, anti-oxidant and wound-
healing activities (Marwat et al. 2011). Moreover, 
the anti-schistosomal effect of O. americanum and 
O. gratissimum extracts on mice infected with 
Schistosoma mansoni was previously reported 
(Lar et al. 2007; Waiganjo et al. 2014a). The 
present study was prepared to assess the anti-
schistosomal, anti-fibrotic, anti-oxidant and 
immuno-modulatory effects of O. basilicum extract 
on the experimental schistosomaisis. 
  
MATERIALS AND METHODS 

Mice 
Male CD-1 Swiss albino mice, (20–22 g) were 

purchased from Theodor Bilharz Research 
Institute (SBSC, Imbaba, Giza, Egypt). The mice 
were housed (three or four animals per cage) at 
Animal House, Menoufia University. The animals 
were acclimatized to laboratory conditions 
maintained at temperature (25±2) °C, controlled 
humidity conditions, and light and dark cycles 
(12:12 h). Animals were fed with food pellets diet 
(GECO, Alexandria, Egypt) and water ad libitum. 
Experimental procedures were carried out after 
the permission from the Institutional Animal 
Ethical Committee, Menoufia University, Egypt 
(approval ID: MUFS/S/IM/2/15). 

Induction of infection 
Cercariae from Biomphalaria alexandrina 

snails experimentally infected with human S. 
mansoni (Egyptian strain) were obtained from 
Theodor Bilharz Research Institute (SBSC, 
Imbaba, Giza, Egypt). The snails were kept four 
weeks after infection in de-chlorinated tap water 
and then exposed to artificial light at 28°C for two 
hours in order to induce the shedding of cercariae 
(Tekwu et al. 2017). Each mouse was infected 
with 60 ± 5 freshly shed cercariae subcutaneously 
according to Liang et al. (1987). 

Praziquantel (PZQ) and O. basilicum extract 
(OPE) 

PZQ tablets (Discocide®, Egyptian 
International Pharmaceutical Industries Company 
(EIPICO), Egypt) were given orally for two 
successive days, commencing six weeks after 

infection, in the form of an aqueous suspension in 
2% Cremophor EL (Sigma-Aldrich, St. Louis, 
USA). O. basilicum fresh leaves were collected 
from the Department of Botany plant garden and 
secondary metabolites, including phenolic and 
other flavonoids compounds, were extracted from 
dry leaves. O. basilicum was authenticated by the 
herbarium of the Faculty of Science, Cairo 
University, where a voucher specimen (no. 
HCU=23451) has been deposited. Briefly, plant 
material was dried in the shade and ground in a 
grinder with a 2 mm diameter mesh. The 
methanolic extract was performed using Soxhlet 
extractor for 24 hours at a temperature not 
exceeding the boiling point of the solvent and the 
dried, powdered plant materials (100 g) were 
extracted successively. Then the extracts were 
filtered by Whatman filter paper (No. 1) and 
concentrated in vacuo at 40°C by a rotary 
evaporator. The obtained residues were stored at 
−20°C in dark glass bottles for further tests. The 
yield of the oils was measured according to dried 
weight of plant materials. 

Experimental design 
Thirty-five mice were allocated to five groups 

of seven mice per each. Group I: Control mice 
(normal, healthy control). Group II: S. mansoni 
infected-mice without treatment (infected control). 
Group III: Infected-mice treated with PZQ 
(300mg/kg) orally given for two consecutive days 
(Chaiworaporn et al. 2005). Group IV: Infected-
mice treated daily with OBE (100mg/kg) orally 
given for two successive weeks (Saha et al. 
2012). Group V: treated with PZQ combined with 
OBE as the same as groups III and IV. Two 
weeks after administration of the last doses of the 
tested drugs, the experiment was terminated. 
Blood samples were taken via a cardiac puncture, 
and mice were sacrificed using cervical 
dislocation, then sera aliquots' were stored at 
−80°C until used. The infected mice were 
subjected to perfusion of the mesenteric and 
portal veins and the worm burden estimation was 
performed (Smither and Terry, 1965). The 
retrieved male, female and coupled worms were 
counted under a stereomicroscope (LW Scientific, 
GA, USA), and the worm burden for each group 
was calculated. The egg load in the liver and 
intestine tissues, and the oogram pattern of the 
developmental stages of the eggs was 
investigated (Mati and Melo, 2013), respectively. 
Additionally, liver and intestine tissues were fixed 
in 10% buffered formalin for histopathological and 
immunohistochemical studies. 
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Measurement of granuloma diameter and 
tissue histopathology examination 

The liver and intestine sections of five 
micrometers thick were prepared and stained with 
Ehrlich´s haematoxylin and eosin. Then the 
granuloma diameter was measured (Von 
Lichtenberg, 1962). Measurements and 
micrographs were done under a microscope with 
automatic camera (Olympus, Japan).  

Scanning electron microscopy (SEM) 
examination 

The adult male worms were fixed in 4% 
glutaraldehyde and washed in 0.1 M sodium 
cacodylate buffer (pH, 7.2). The samples were 
post-fixed with 1% osmium tetroxide for an hour 
(Matos-Rocha et al. 2016). Then the studied 
samples were dehydrated in ascending 
concentrations of ethanol, dried, mounted on 
metal stubs, coated with gold vapour using a 
sputter coater (JEOL TFC-1100, Japan) examined 
and photographed using a scanning electron 
microscope (JEOL JSM 5300, Japan). 

Immunohistochemistry examinations 
Liver tissue samples from examined mice 

were fixed as previously mentioned and reacted 
specifically with CD3 and CD20 rabbit monoclonal 
antibodies according to the manufacturer's 
instructions (Cell Marque, CA, USA). 
Immunohistochemistry was performed as 
described (Panic et al. 2017). All IHC sections 
were quantified using Image J software (NIH, 
Bethesda, MD, USA). 

Determination of the antioxidant enzymes in 
serum 

Superoxide dismutase (SOD) and catalase 
activities were estimated by commercial kit 
(ZellBio GmbH, Germany). The enzyme assays 
were done according to the manufacturer's 
instructions.  

Determination of immunoglobulins (total IgG), 
nitric oxide (NO) and IL-10 

Total IgG turbidimetric was automatically 
determined using (COBAS, Integra 400/800 
analyzer). NO level was determined by 
commercial kit (Bio-diagnostic Co., Egypt). The 
concentration of mouse IL-10 in serum samples 
was determined by a sandwich ELISA Kit 
(Thermo-Scientific, USA).  

Sub-typing of the immune cells  
Sub-typing of the indicated immune cells was 

done according to Hassouna et al. (2015). Briefly, 
mononuclear blood cells in RPMI-1640 (one 
million cells/ml) were prepared and CD4+ and 
CD8+ cell subtypes were determined using FACS 
flow cytometer (Becton Dickinson, Sunnyvale, CA) 
with Cell Quest Software for data acquisition and 
analysis using mice anti-CD4 and anti-CD8 
monoclonal antibodies conjugated with fluorescein 
isothiocyanate (FITC; BD Biosciences, San Jose, 
CA). 

Statistical analysis 
The data were expressed as mean ± standard 

deviation (SD). One-way analysis of variance 
(ANOVA) test was carried out, followed by a post-
hoc test to determine the significance of data 
among different groups that was accomplished by 
the least significant differences (LSD) test (SPSS 
version 22.0). p ≤ 0.05 were considered 
significant. 
 
RESULTS  

Parasitological status 
The results showed a significant decrease (p 

< 0.05) in the worm burden and liver and intestinal 
egg load, with significant elevations in the 
percentages of dead ova in the treated groups in 
comparison with the infected-mice without 
treatment (Table 1 and Table 2). Treatment with 
OBE alone resulted in significant decrease in 
worm burden 6.50±2.52, liver egg load 
2646.67±244.59 and intestinal egg load 
3508.33±245.51, and a significant elevation in the 
count of dead ova 76.25±0.99 and 65.08±1.75 in 
the liver and intestine respectively, when 
compared to the infected-mice without treatment. 
However, treatment with PZQ alone resulted in 
better values than those of OBE, with a significant 
difference between both groups. Administration of 
OBE combined with PZQ resulted in a similar 
reduction pattern of worm burden, and the count 
of dead ova in the intestine when compared to 
treatment with PZQ alone without any significant 
difference (Table 1 and Table 2). Without any 
significant differences, Ova count in combined 
treatment group in the intestine and liver is higher 
in comparison to that of PZQ alone. The mean 
values of mature egg numbers in the liver and 
intestine revealed a significant reduction (p < 
0.05) in the mice that treated with OBE as 
compared with infected-mice without treatment 
(23.75±0.99 and 34.92±1.75, respectively).  
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Tables 1: Effect of Ocimum basilicum extract (OBE) treatment with and without PZQ on worm 
burden and ova count of Schistosoma mansoni infected mice. 

 
  Worm burden Ova count 

 
Total 

 
Couple 

 
Male 

 
Female 

 
Liver 

 
Intestine 

Infected control 10.25±1.71 5.0±0.82 5.25±0.96 0.00 7149.99±1289.70 10833.33±744.36 

PZQ 0.00* 0.00* 0.00* 0.00 1183.33±57.74* 1574.99±168.60* 

OBE 6.50±2.52*# 3.50±1.29*# 3.0±1.41*# 0.00 2646.67±244.59*# 3508.33±245.51*# 

OBE + PZQ 0.00* 0.00* 0.00* 0.00 1348.5±779.67* 2158.33±99.54* 

Data are expressed as mean ± standard deviation (SD), (n = 7). 
* Indicates significant difference compared to infected control and # indicates significance against PZQ-treated group 

at (p < 0.05). 
 

Table 2 :Effect of OBE treatment with and without PZQ on oogram pattern in the liver, intestine 
and granuloma diameter of Schistosoma mansoni infected mice. 

 
 Oogram pattern (Liver) Oogram pattern (Intestine) Granulomas 

diameter 
(µm) 

 
Mature 
Eggs 

Immature 
eggs 

Dead eggs Mature eggs 
Immature 

eggs 
Dead Eggs 

Infected 
 control 

83.82±3.13 13.17±2.99 3.0±1.41 61.75±4.77 32.67±3.79 5.58±1.03 264.24 ±28.32 

PZQ 7.46±4.33* 0.00* 92.73±4.53* 20.93±3.15* 0.00* 79.06±3.15* 113.92 ± 14.36* 

OBE 23.75±0.99*# 0.00* 76.25±0.99*# 34.92±1.75*# 0.00* 65.08±1.75*# 120.73 ± 24.92* 

OBE + PZQ 28.58±3.64*# 0.00* 71.99±2.68*# 21.75±0.74* 0.00* 78.25±0.74* 114.60 ± 15.46* 

Data are expressed as mean ± standard deviation (SD), (n = 7). 
* Indicates significant difference compared to infected control and # indicates significance against PZQ-

treated group at (p < 0.05). 
 

 
Figure1: Haematoxylin and eosin stained liver sections from S. mansoni-infected mice groups. (a) 

Infected control group, showing an inflammatory granulomatous [G] lesion with condensed 
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fibrous connective tissue surrounding an S. mansoni ovum [O]. (b) PZQ-treated group, showing 
inflammatory granulomatous lesions with condensed fibrous connective tissue and degenerated 

ovum. (c) OBE-treated group, showing less defined fibrous and inflammatory granulomatous 
reaction around the ovum. (d) Combined PZQ-OBE-treated group, showing inflammatory 

granuloma with minimal fibrosis and absence of egg (×400). 
 

The treatment with OBE alone completely 
eliminated the mean values of immature egg 
numbers in the liver and intestine. Similar results 
were detected after treatment with PZQ alone or 
combined with OBE (Table 2). 

Histopathological study 
Histopathological examination of liver sections 

of the infected control group revealed loss of the 
normal architecture, disorganization of hepatic 
cords and the presence of large fibrocellular 
granulomas, with a mean diameter of 264.24 
±28.32 μm (Table 2 and Fig 1a). These 
granulomas consist of Schistosoma ova 
surrounding by leukocytic inflammatory cells and 
fibrocytic cells. Administration of PZQ resulted in a 
significant reduction 113.92 ± 14.36  in granuloma 
diameters (Table 2); these fibrocellular 
granulomas were less defined, with degenerated 
eggs and less fibrosis (fig. 1b). Treatment with 
OBE reduced the granuloma diameters to 120.73 
± 24.92, without any significant difference in 
comparison with PZQ (Table 2). These 
granulomas were less defined, with minimal 
fibrosis and inflammatory reactions, and 
occasional absence of the inflammatory reaction 
around the degenerated ova (Fig. 1c). The 
combined treatment of OBE and PZQ reduced the 
granuloma diameters to 114.60 ± 15.46, which 
was significant in comparison with infected control 
group (Table 2). The granulomas of this group 
were devoid of eggs; less defined and comprised 
inflammatory cells with minimal fibrosis (Fig. 1d). 
A similar pattern was demonstrated in 
histopathological examination of intestine sections 
from studied groups (data not shown).  

Ultrastructure morphological study 
SEM examination of the adult male worms 

recovered from the infected control group 
revealed normal dorsal tegument (Fig. 2a), with 
large, numerous, and spiny tubercles (Fig. 2b) 
normal oral sucker and ventral sucker (Fig. 2e); 
anterior region of oral sucker and ventral sucker 
which covered with numerous sharp spines (Fig. 
2f and g, respectively). The worms recovered from 
the OBE-treated group showed tegumental 
damage in the form of loss of spines and rupture 
of the tubercles in wide regions and obvious 

ulceration on the outer surface (Fig. 2c,2d), 
obvious deformity of oral sucker and ventral 
sucker  (Fig. 2h); obvious reduction in spines in 
the area of oral sucker and ventral sucker  (Fig. 2i 
and 2j, respectively). 

Total IgG, IL-10, NO, SOD and catalase 
alterations 

In the infected-mice without treatment there 
was a significant elevation in the levels of total 
IgG, IL-10 and NO, accompanied by a significant 
reduction in SOD and catalase activity when 
compared with the healthy control-mice. All 
treatments significantly increased total IgG level, 
and the values of the combined PZQ and OBE-
treated group were the highest. Mono-treatment 
with PZQ or OBE resulted in a significant 
elevation in the level of IL-10 as compared to the 
infected-mice without treatment. On the level of 
NO, treatment with OBE alone enhances the NO 
production without any significant elevation in the 
level of NO when compared to the infected-mice 
without treatment. Moreover, the addition of OBE 
to PZQ in the combined treatment slightly 
ameliorated the NO level compared to PZQ-
treated mice. In all the treated groups there were 
significant increases in SOD and catalase activity, 
and the values of the combined PZQ and OBE-
treated group were almost normal (Table 3). 

Cellular immune response changes 
To examine cellular immune response 

changes, the FACS flow cytometer was utilized to 
estimate the CD4+ and CD8+ cells in the blood 
and immunohistochemistry was utilized to 
demonstrate the CD3+ and CD20+ cells in the 
liver. In the infected-mice without treatment there 
was a significant decrease in the CD4+cells 
percentage in the blood (Table 4), accompanied 
by a marked increase in the CD3+cells and 
CD20+cells in the examined tissue when 
compared with the healthy control animals (Table 
4, Figs 3b, 4b). Treatment with PZQ alone led to a 
significant elevation in CD8+ cells and marked 
increase in the expression of CD20 (Table 4, Fig 
4c). On the contrary, mice treated with PZQ alone 
showed a decrease in the CD3+ cells compared to 
the infected-mice without treatment (Table 4, Fig 
3c). 
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Figure2: Scanning electron micrographs of the dorsal surface, oral sucker and ventral sucker of 

adult S. mansoni worms. (a-b) Micrographs of worms recovered from the untreated control group, 
showing dorsal tegument with large, numerous, and spiny tubercles (Tu). (c-d) Micrographs of 

adult worms recovered from the OBE-treated group, showing tegumental damage in the form of 
rupture of the tubercles (arrow) and loss of spines in wide areas and marked ulceration in the 

outer surface (arrow). (e-g) Micrographs of worms recovered from the untreated control group, 
showing: (e) oral sucker (OS) and ventral sucker (VS); (f) anterior region of  oral sucker which 

covered with more numerous sharp spines (S); (g) anterior region of ventral sucker which covered 
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with more numerous sharp spines (S); (h-j) Micrographs of adult worms recovered from the OBE-
treated group, showing: (h) oral sucker (OS) and ventral sucker (VS) which loss their normal 
structure; (i) anterior region of oral sucker of adult male S. mansoni with marked decrease in 

spines (arrow); ( j) Anterior region of ventral sucker of adult male S. mansoni with marked 
decrease in spines (arrow). 

 

 
Figure3: Immunohistochemical staining of CD3 expression of liver sections from different studied 

groups. (a) Normal healthy control mouse showing minute expression of CD3 in sinusoid and 
hepatocyte; (b) S. mansoni-infected mouse (8 weeks post infection) showing very strong 

expression of CD3 in sinusoid and around granuloma; (c) PZQ-treated mouse showing slightly 
strong expression of CD3 around granuloma; (d) OBE-treated mouse showing moderate 

expression of CD3 around granuloma; (e) PTZ-OBE-treated mouse showing low expression of 
CD3 around granuloma (×200). 
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Figure4: Immunohistochemical staining of CD20 expression of liver sections of different studied 

groups. (a) Normal healthy control mouse showing low expression of CD20 in sinusoid and 
hepatocyte; (b) S. mansoni-infected mouse (8 weeks post infection) showing strong expression of 

CD20 around granuloma; (c) PZQ-treated mouse showing slightly strong expression of CD20 
around granuloma; (d) OBE-treated mouse showing moderate expression of CD20 around 

granuloma; (e) PTZ-OBE-treated mouse showing low expression of CD20 around granuloma 
(×200). 

 
 
 
 
 
 



Ibrahim et al.                                                                   O. basilicum extract Effect on S. mansoni infection 

 

    Bioscience Research, 2020 volume 17(3): 1898-1911                                                             1906 

 

Table 3. Total IgG, IL-10, NO, SOD and catalase levels in different experimental groups. 
 

 Immune parameters Antioxidant parameter 

 
Total IgG 
(mg/dl) 

IL10 
(pg/mL) 

NO 
 (µmol/L) 

SOD  
(U/ ml) 

Catalase 
 (U/ml) 

Normal control 50.25± 0.25 30.93±1.79 6.59± 0.31 96.86±0.35 36.67±2.08 

Infected control 143.1 ± 0.90 † 45.73±0.87† 8.53±0.32† 87.63±0.73† 28.67±1.53† 

PZQ 157.44± 1.44* 60.27±4.61* 13.01±0.19* 94.66±0.26* 31.67±1.53 

OBE 156.26±0.78* 51.33±2.60* 9.28±0.53 97.09±0.21* 41.33±2.08# 

OBE + PZQ 184.4± 0.80# 44.78±1.17# 12.16±0.88# 96.91±0.29# 38.67±1.53# 

Data are expressed as mean ± standard deviation (SD), (n = 7). 
* Indicates significance (p < 0.05) against infected control, # indicates significance against PZQ-treated 

mice and † indicates significance against normal healthy control. 
 

Table 4: Cellular immune response in blood and liver in different experimental groups. 
 

 Blood Liver  

  CD4 CD8 CD3 CD20  

Normal control  60.60±2.30 38.65±1.85 0.36±0.07 5.53±1.01  

Infected control  46.70±2.2† 36.75±1.45 30.47±1.01† 22.23±1.00†  

PZQ  46.10±2.50 40.80±1.30* 25.04±0.96* 28.08±1.02*  

OBE  52.85±2.55*# 42.15±0.75* 20.93±0.67*# 19.88±0.88*#  

OBE + PZQ  47.65±1.75 40.40±2.90* 14.37±1.08*# 19.25±0.93*#  

Data are expressed as mean ± standard deviation (SD), (n = 7). 
* Indicates significance (p < 0.05) against infected control and # indicates significance against PZQ-

treated mice and † indicates significance against normal healthy control. 
 

After treatment with OPE alone, a significant 
increase was observed in the percentage of CD4+ 
and CD8+ cells in the blood (Table 4), associated 
with a marked decrease in the CD3+cells and 
CD20+cells in the liver compared with the 
infected-mice without treatment (Table 4, Figs 3d, 
4d). The combined PZQ and OBE-treatment 
showed a decrease in the CD3+cells and 
CD20+cells in the liver compared to PZQ-treated 
mice (Figs 3e, 4e), without any significant 
alterations on the CD4+ and CD8+ cell 
percentages in the blood compared to PZQ-
treated mice (Table 4). 

 
DISCUSSION 

Due to schistosomiasis causes a variety of 
clinical manifestations in humans and the worm 
treatment still based on PZQ alone, new resistant 
strains of S. mansoni have emerged against this 
drug. Therefore, the use of novel alternative or 
complementary drugs, especially the medicinal 
plant extracts because of their bioactive 
compounds, is urgently needed to treat the 
disease. Thus the current study was done to 
assess the therapeutic effects of OBE alone or in 
combination with PZQ against S. mansoni in an 
animal model.  

In the current study, the treatment with OBE 

following S. mansoni-infection resulted in a 
significant decrease in total worm burden, and 
intestinal and liver egg load, with a significant 
elevation in the number of dead eggs in the 
oogram pattern on the level of the liver and 
intestine. The PZQ treatment was more effective 
than OBE alone. Combined OBE–PZQ 
administration resulted in a similar reduction 
pattern to PZQ treatment. Regarding the number 
of dead eggs in the oogram pattern the PZQ 
treatment was also more effective than the OBE 
mono-treatment and the combined OBE–PZQ 
administration. This may give an indication about 
the opposing action of OBE during its combination 
with PZQ. The antischistosomal properties of O. 
americanum extract against S. mansoni infection 
was reported (Waiganjo et al. 2104a; Osebe et al. 
2017). Moreover, another report confirmed anti-
schistosomal properties of O. gratissimllm (Lar et 
al. 2007). Victor et al. (2015) recoded that O. 
americanum extract had high miracicidal and 
cercaricidal activity. The antischistosomal effect of 
OBE could be attributable to various toxic 
compounds, such as, nerolidol and linalool, 
present in the O. basilicum (Perumalsamy et al. 
2014). Oral treatment with nerolidol to mice 
infected with adult schistosomes diminished the 
worm burden and the egg production and 
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achieved an immature egg reduction of 84.6% 
(Silva et al. 2017). Linalool exhibited striking 
larvicidal effects for cercaria of S. japonicium and 
obviously decreased the worm burden in infected 
animals (Yang et al. 2014).  

The ultra-structural changes in the tegument, 
morphology of the oral and ventral suckers of S. 
mansoni adult worms recovered from the OBE-
treated mice were studied using SEM. Treatment 
with OBE alone resulted in morphological 
alterations of the oral and ventral suckers and 
worm tegumental damage, with the loss of some 
tubercles and spines, which could be attributed to 
the toxic compounds of OBE. Damage to the 
tegument of S. japonicium cercariae was 
observed upon exposure to linalool (Yang et al. 
2014). Another study revealed that nerolidol-
mediated worm killing was rendered to the 
schistosomes tegumental damage (Silva et al. 
2017). The vital structure of the worm tegument 
plays a critical role in the Shcistosoma survival as 
it mainly concerned with nutrient absorption, host 
immune evasion, metabolism and the selective 
uptake of drugs (Faghiri and Skelly, 2009). OBE 
antischistosomal effect could be explained by the 
present ultrastructural alterations in the 
morphology of the worms. Severe tegumental 
damage induced by an antischistosomal treatment 
is commonly irreversible and often leads to 
exposure of the worm antigens (Harnett and 
Kusel, 1986) making Schistosoma epitopes easily 
recognized and attacked well by the host 
immunity. Furthermore, the ultra-structural 
alterations in the morphology of the oral and 
ventral suckers hindered the feeding process of 
the damaged Schistosomas, which leads to 
worm's death (Shaw and Erasmus, 1987).  

In the present study, treatment with PZQ 
improved the pathological changes, and reduced 
granuloma sizes and fibrosis. The removal of 
adult Schistosoma worms and the subsequent 
reduction of egg deposition were supposed to be 
the main reasons behind the reversal of liver 
fibrosis in murine schistosomiasis after PZQ 
therapy (Liang et al. 2011). Furthermore, the 
previous report recoded the PZQ anti-
inflammatory effect. Hence, administration of PZQ 
seems to exert dual effects on Schistosomiasis by 
stimulating the immune response of the host and 
eliminating the worms (Pinlaor et al. 2006). Such 
dual action may explain the abundance of immune 
cells CD3+, CD20+ cells in the liver and CD8+ cells 
in the blood of the PZQ-treated mice 
accompanied by the diminished fibrosis in liver 
granulomas of this group observed in the current 

study. 
Administration of OBE alone or OBE in 

combination with PZQ resulted in a significant 
reduction in granuloma sizes compared to non-
treated infected-mice. No significant changes 
were demonstrated in comparison with those of 
the infected control and PZQ-treated animals. 
Administration of O. americanum extract in S. 
mansoni-infected mice resulted in marked 
reduction in the granuloma size (Waiganjo et al. 
2014a; Osebe et al. 2017). Linalool as a one 
constituent of O. basilicum displayed a marked 
decrease in the number and size of egg-induced 
granulomas (Yang et al. 2014). The current 
antifibrotic effect of OBE may be attributable to its 
content of several antioxidant components, such 
as phenolic compounds, vitamin E (Marwat et al. 
2011), which identified as strong antioxidant 
constituents of sweet basil. 

Furthermore, there were significant 
improvements serum SOD and catalase activity in 
all treated groups especially OBE alone. In the 
combined OBE/PZQ-treated group there was a 
restoration of almost normal values concomitant 
with the reverse of fibrosis and reduction in the 
granuloma size. Previous studies recoded that O. 
basilicum elevated antioxidant-enzyme response 
through the elevation of the hepatic glutathione 
reductase, SOD, and catalase activities, the 
reduction of the lipid peroxidation and lactate 
dehydrogenase activity in the mice liver 
(Dasgupta et al. 2007). 

The immune system plays an important role 
against Schistosomiasis. Immunoglobulin IgG and 
IL-10 have been demonstrated to have a critical 
role in the immune response to Schistosomiasis. 
In vitro study demonstrated that the formation of 
the granuloma with peripheral blood mono-nuclear 
cells from intestinal Schistosoma patients was 
greatly induced by adding anti-IL-10 antibodies to 
cultures (Falcao et al. 1998). On the other hand, 
in Schistosoma-infected mice decreased 
granuloma size was demonstrated after treatment 
with IL-10/Fc fusion protein (Flores-Villanueva et 
al. 1996). This indicated that low production of the 
IL-10 can be strongly associated with higher risk 
of fibrosis derivative of the parasite. Sadler et al. 
(2003) concluded that IL-10 not only regulated the 
hepatic inflammation intensity, but also controlled 
the organization and cohesiveness of the 
granuloma. Moreover, previously reported studies 
recorded that IL-10 could protect the host in 
several ways through reducing the acute gross 
pathology of Schistosoma infection, limiting the 
initial granulomatous inflammation and regulating 
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the immune status in patients (Colley and Secor, 
2014). In the current study, administration of OBE 
alone or in combination with PZQ obviously 
enhanced both IL-10 and IgG production 
compared to the infected animals without 
treatment. In agreement with the present study, 
Dejani et al. (2014) demonstrated a significant 
increase in IL-10 and IgG4 levels after 
administration of Mentha piperita L. extract 
compared to S. mansoni infected-mice without 
treatment. 

NO is mainly produced by activated 
macrophages. It was established that NO 
production has been strongly correlated with an 
antifibrotic effect in granulomatous diseases, 
including Schistosomiasis granulomas (Hesse et 
al. 2000; Pearce and MacDonald, 2002). In the 
current study, all used treatments including OBE 
or OBE/PZQ stimulate NO production. This in turn 
may generate an antifibrogenic substance inside 
the S. mansoni granuloma and decrease the 
granuloma size.  

 The granuloma of Schistosoma consists of 
various cell types including macrophages, 
lymphocytes, eosinophils and neutrophils that 
interact with each other in a highly complex 
fashion (Jacobs et al. 1998). Hussein et al. (2006) 
reported that the bilharzial granuloma is formed by 
mixture of CD68+ histiocytes/dendritic cells, CD3+ 
T cells and CD20+ B cells. The 
immunohistochemical examination of treated mice 
with OBE or OBE/PZQ denoted a significant 
decrease in both granuloma diameters 
accompanied by a reduction in CD3+ and CD20+ 
cells compared to the infected untreated control. 
In accordance with the current observation, the 
infiltration of fibroblasts into the worm granulomas 
sites could attract lymphocyte cells as well as 
forming collagen; the antifibrogenic effect of OBE 
may explain the reduction in the granuloma 
diameter and cellularity. 

Several studies have been illustrated 
diminished immune cells, especially T cell 
proliferation in response to the worm and its 
antigens during chronic Schistosomiasis (Grogan 
et al. 1996; Grogan et al. 1998). Previous study 
demonstrated that the CD4+ and CD8+ cell 
populations obviously reduced the number of 
granulomas and fibrosis in S. mansoni-infected 
mice livers (Pancre et al. 1994). Schistosomiasis 
granulomas were reported to be down-regulated 
by CD8+ lymphocytes (Perrin and Phillips, 1988). 
In the present study, OBE treatment resulted in a 
significant elevation in the CD4+ and CD8+ cell 
populations, while OBE/PZQ treatment led to an 

obvious increase in the CD8+ cell population only. 
Previous reports recorded that O. americanum 
extract was able to produce the Th-1 response 
against Schistosoma-infection through its ability to 
induce the production of TNF-α, IL-2 and IFN-γ 
(Waiganjo et al. 2104b; Osebe et al. 2017). 
Furthermore, Hemalatha et al. (2011) 
demonstrated the ability of O. sanctum to 
enhance the production of TNF-α, IL-2 and IFN-γ 
which is important for cellular mediated-immune 
response in myelo-suppressed mice. The OBE 
anti-schistosomal effects may be rendered to its 
immuno-modulatory abilities, which could shift the 
cytokine pattern from T helper cells (Th)-2 that 
mediated granuloma formation to Th-1 that 
responsible for immune resistance. 

CONCLUSION 
OBE exhibit an immunomodulatory and 

antioxidant properties that may responsible for its 
anti-schistosomal and antifibrotic effects. 
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