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             Schistosomiasis mansoni leads to liver fibrosis that was believed to be 

irreversible once established leading to life-threatening complications in most 

cases. Praziquantel (PZQ) is considered the best drug in treatment, for decades. A 

universal approach towards drug repurposing is recommended, to be combined 

with other known drugs that may expand their efficiencies or/and discover new 

mechanisms of action of the used drugs. In this work Angiotensin-converting 

enzyme inhibitor (ACEI) “Lisinopril” was used alone or with Praziquantel (PZQ), 

versus long-duration PZQ (LD-PZQ) to test for their anti-fibrotic properties, 

applying Transforming Growth factor beta 1 (TGF-β1 ) as an indicator of activated 

fibrotic fibroblasts, to be automatically quantified within hepatic tissues of 

experimentally infected mice, using a software image analyzer. All treated groups 

showed significant reduction within TGF-β1 local hepatic expression, with the 

greatest reduction occurring among groups treated with LD-PZQ followed by those 

which received combined ACEI and PZQ.  The highest TGF-β1 local hepatic 

expression values were obtained by groups receiving the classic anti-bilharzial 

single oral dose praziquantel (S.O.D PZQ) regimen, indicating its ineffectiveness 

as a monotherapeutic agent to minimize liver fibro-sclerotic threats in acute and 

chronic phases of schistosomiasis. Lisinopril alone or when combined with PZQ, 

succeeded in causing a drop in TGF-β1 hepatic expression as LD-PZQ regimen, 

thus increasing the chance of healing without hepatic scarring. Yet, its usage as an 

adjuvant to PZQ, instead of LD-PZQ has the additional benefit of not exposing the 

community to unwarranted resistance to PZQ, a drug that is to date still 

indispensable for the treatment of bilharziasis. 

 

INTRODUCTION 

              Schistosomiasis is a major neglected tropical disease (NTD) affecting the health of 

millions in 79 countries. Liver fibrosis caused by this parasitic infection displays a major health 

problem, resulting in life-threatening complications. For decades, Praziquantel (PZQ) was 

regarded the drug of choice for treatment of human schistosomiasis, and so far, no available 

effective vaccine exists (Parreira et al., 2018; Kura et al., 2020).  

http://www.eajbse.journals.ekb.eg/
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                In fact, tissue fibrosis is 

responsible for the bulk of mortality in 

human patients until now with 

approximately 50% of the recorded 

mortalities having a fibrotic cause, a very 

complex process, believed to be irreversible 

once established in majority of the cases 

(Lambrecht et al., 2020).  Several 

preventative measures have been reported, 

but treatment alternatives remain in very 

high demand, looking at the rise of diseases 

associated with fibro-proliferative 

disorders. A previous study has reported 

that destroying mature eggs by PZQ can 

eliminate the origin of antigenic stimulation 

which consequently, can stabilize collagen 

deposition. However, PZQ interrupted the 

normal immune modulation occurring in 

chronic infection, so the prognosis of 

fibrotic scar reabsorption is poor (Kresina et 

al., 1994). For this reason, anti-fibrotic 

chemotherapy as an adjuvant to PZQ could 

be a possible therapeutic option. Certainly, 

PZQ was extensively studied during the 

foregoing decades, either as a mono-

therapeutic anti-schistosome treatment or in 

combination with other medicinal agents, 

using the usual investigative parameters in 

terms of oogram study, tissue egg load, 

hepatic granuloma number & diameter and 

performing the commonly used staining 

techniques as Haematoxylin & Eosin and 

Masson trichrome staining (Mehlhorn et al., 

1981; Giboda et al., 1992; Dupré et al., 

1999; Hussein et al., 2017; Whiteland et al., 

2020). In a trial to reflect the extent of 

success of the used therapies in achieving a 

satisfactory degree of cure, the previously 

mentioned studies documented variable 

information, in addition to special 

considerations related to the tissue type of 

hepatic granuloma and whether they were 

cellular, fibrous or fibro-cellular. Yet, few 

studies investigated the cytoplasmic 

expression of some markers reflecting vital 

relevant proteins. As an example, Khalifa et 

al. (2007) used serum levels of TGF-β1, 

leptin and hepatic hydroxyproline at the 9th 

& 17th weeks post-infection to evaluate the 

efficacy of Pentoxifylline (PTX), 

a  drug normally used to improve the 

symptoms of blood flow problems in the 

limbs, in treatment of schistosomiasis 

mansoni in mice. Currently, a universal 

approach towards drug repurposing is 

greatly recommended for neglected 

diseases as a way to bypass the 

sophisticated initial exploration phase of 

more disease-oriented research (Oprea et 

al., 2011). Combination with other known 

drugs may expand their efficiencies besides 

the possible discovery of new mechanisms 

of action (Rosa and Santos, 2020).   Liver 

injury by different means is reported to 

stimulate the expression of hepatic renin-

angiotensin system (RAS) components, like 

the angiotensin II type 1 receptor (AT1-R) 

and ACE (angiotensin I-converting 

enzyme).  Angiotensin I (AT-I) is 

transformed into angiotensin II (AT-II) by 

ACE, a growth factor that stimulates 

fibroblasts to increase the production of 

matrix protein.  In addition, the RAS 

mediates the release of pro-fibrotic 

cytokines, stimulating pro-inflammatory 

mediators and activating mononuclear cells 

(Mezzano et al., 2001). Angiotensin II has 

also been demonstrated to stimulate the 

proliferation and contraction of hepatic 

stellate cells (HSC) which are crucial for 

development of liver fibrosis. During 

hepatic fibro-genesis, local RAS was found 

to be significantly upregulated (Friedman, 

2003). Angiotensin II stimulates HSC and 

mesangial cells proliferation in addition to 

synthesis of extracellular matrix (ECM) 

proteins by inducing TGF-β1 (Bataller et al, 

2000), exactly as it increases TGF-β1and 

collagen‐I mRNA expression in the lung 

fibroblasts (Marshall et al., 2004). These 

actions are mostly regulated by AT1-R. 

Consequently, the combination of AT-II 

and AT1-R appears to play an essential role 

in hepatic fibrosis (Yoshiji et al., 2001).  

                Yoshiji et al. (2007) postulated 

that ACE inhibitors (ACEI) and AT1-R 

receptor blockers could provide a new anti-

fibrotic therapeutic strategy, if exerting 

https://www.rxlist.com/script/main/art.asp?articlekey=5034
https://www.rxlist.com/script/main/art.asp?articlekey=2483
https://www.rxlist.com/script/main/art.asp?articlekey=3950
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their anti-fibrotic effect at an applicable 

clinical dose. In fact, ACE inhibitors are one 

of the most widely used drugs for 

hypertension and heart failure. They are 

relatively safe, but dose monitoring by a 

specialist is a must (Herman et al., 2020). In 

the current work, two pharmaceutical 

agents, Lisinopril as a representative of the 

ACEI family and the recommended 

traditionally used PZQ were tested for their 

effect on hepatic fibrosis occurring in the 

experimental course of acute and chronic 

schistosomiasis mansoni in mice. PZQ was 

applied in its recommended therapeutic 

dose and also in the form of a prolonged 

treatment regimen (LD-PZQ) for a possible 

anti-fibrotic effect. The current study was 

designed to compare the usual investigative 

parameters in terms of ova count, size and 

number of hepatic granulomas to 

investigate the effect of infection with and 

without medication on hepatic tissues. 

Regarding exploration of the hepatic 

fibroblasts real state, after using different 

therapeutic protocols, the expression of 

TGF-β1 was locally investigated 

quantitatively utilizing digital real-time 

image analysis.  A trial was done to relate 

the results of TGF-β1 local expression to the 

other investigative parameters applied in 

this study. 

MATERIALS AND METHODS 

              Sixty-five Swiss male albino mice, 

18–20 g the weight of each, were obtained 

from the Schistosome Biology Supply 

Center (SBSC), Theodor Bilharz Research 

Institute (TBRI), Giza, Egypt. They were 

housed at temperature (25±0.5°C) and 

humidity levels of (55±1%), with free 

access to water and fed on a standard diet. 

The Theodor Bilharz Research Institute 

(TBRI), Kasr Alainy School of Medicine, 

and Cairo University's Institutional Animal 

Care and Use Committee (IACUC) 

approved all experiments with number CU-

III-F-3-18. 

Infection: 

              At least 50 shedding of B. 

alexandrina snails were used to prepare 

 cercarial suspension. Mice infection was 

done by subcutaneous injection of 60±10 

cercariae of S.mansoni suspended in 0.2 ml 

of de-chlorinated water. 

Drugs and Doses: 

              Praziquantel [E.I.P.I.Co. 

Pharmaceuticals, Cairo, Egypt] was 

prepared as a suspension in Cremophor-El 

and given by oral route at a dose of 250 

mg/kg/day as a (S.O.D PZQ) monotherapy 

or within a long-duration protocol (LD-

PZQ) twice daily in a dose of 300 mg/kg for 

30 days, according to Liang et al. (2011). 

Lisinopril 10 mg ® [Sigma Pharma] tablets 

were crushed immediately before 

inoculation and then dissolved in distilled 

water. The mice were given a dose of 

2mg/kg which is the dose equivalent to 

1mg/kg body weight dose applied by 

Ramalho et al. (2002) on rats, the 

conversion was done according to the table 

published by Freireich (1966). The drug 

was given orally using a stainless-steel oral 

cannula with a rubbered ending. 

Experimental Design: 

             The study comprised 8 groups, 

where groups I, II, III (non-infected control 

groups) included 5 mice each, while each of 

the infection groups IV, V, VI, VII and VIII 

were classified into two subgroups (5 mice 

each) for acute and chronic infections, 

where medication started 6 weeks and 12 

weeks post-infection (p.i.), respectively. 

Mice were distributed randomly to the eight 

groups listed below:  

Group I: non-infected non-medicated 

Group II: non-infected, PZQ-treated control 

Group III: non-infected, Lisinopril-treated 

control 

Group IV: infected non-medicated 

Group V:  infected + S.O.D PZQ 

Group VI: infected + LD-PZQ 

Group VII: infected + Lisinopril 

Group VIII: infected + combined Lisinopril 

& S.O.D PZQ  

Scarification of Mice: 

              The time of scarification was 

planned to be the day after the last day of 

medication in each group. 
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Biochemical Studies:  

              Blood specimens from sacrificed 

mice were left for 30 minutes before being 

centrifuged at 3000 rpm for 15 minutes. 

Then sera were separated for estimation of 

liver function tests; aspartate transaminase 

(AST) & liver alanine transaminase (ALT) 

enzyme levels, and kidney function tests; 

urea & serum creatinine. 

Parasitological Studies: 

            The effect of anti-Schistosoma 

drugs was parasitologically assessed by 

counting ova in hepatic tissue. The left lobe 

of the excised liver from sacrificed mice 

was kept fresh for ova count, which was 

done by drying liver tissue on a filter paper 

then weighed and kept in a tube with 5% 

KOH solution three to ten times greater than 

the volume of the tissues to be digested.  

-In an incubator, the tubes were incubated 

for 24 hours at 37°C, till the digestion of 

tissues. Three 0.25ml samples were 

withdrawn by means of a micropipette and 

placed on microscopic slides.  

            They were examined by the low 

power of microscope at ×100 

magnification. The ova was counted in each 

of the three specimens and the average 

number was calculated.  

 Histopathological studies 

The excised liver, with the right lobe, was 

fixed in a 10% formalin solution 

immediately and embedded in paraffin. 

Sections for histological study, were stained 

with hematoxylin and eosin (H&E) to detect 

histopathological alterations and with 

Masson's Trichrome investigated under an 

ocular micrometer (Zeiss, Germany) to 

measure mean granuloma diameter 

(Lichtenberg, 1962). 

Immunohistochemical (IHC) Studies for 

TGF-β1: 

            Tissue sections from the paraffin-

embedded liver samples were subjected to 

deparaffination, then incubation with the 

primary antibody and labeling of the 

antigen-antibody reaction, followed by 

slide counter-staining and cover slipping. 

Statistical Analysis of The Data: 

            The statistical package for the social 

sciences (SPSS) version 25 (IBM Corp., 

Armonk, NY, USA) was utilized to code 

and enter data. For quantitative variables, 

standard deviation and mean were utilized, 

whereas for categorical variables, relative 

frequencies (percentages) and frequencies 

(number of cases) were utilized. Analysis of 

variance (ANOVA) with multiple 

comparisons post hoc test was utilized to 

compare groups in normally distributed 

quantitative variables, whereas non-

parametric Mann-Whitney test and 

Kruskal-Wallis test were employed in non-

normally distributed quantitative variables.  

RESULTS 

Parasitological Results:  

            All infected treated groups showed 

significant reduction of hepatic ova count in 

comparison to the infected untreated control 

group (P< 0.05). ACEI and S.O.D PZQ, 

combined PZQ-ACEI and LD-PZQ treated 

groups showed 20.66% 87.56%, 86.28% 

and 89.62% reduction, respectively in the 

acute infection groups. (Table 1).   

             In chronically infected medicated 

groups, the used drugs ACEI, S.O.D PZQ, 

combined PZQ-ACEI and LD-PZQ showed 

a 73.76%, 76.33%, 67.40% and 89.16% 

reduction, respectively in hepatic tissue. 

(Table 1).  
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Table 1: Tissue egg count and its percentage reduction in schistosomiasis mansoni infected 

mice receiving ACEI with/without PZQ, S.O.D PZQ or LD-PZQ, medication 

commencing 6- and 12-weeks p.i, compared to the un-medicated infected controls 

 
Values demonstrated as mean ±SD 

* Statistically significant in comparison to infected control group (P<0.05) 

 

Histopathology Results in Infected Mice: 

             Comparing the granuloma pattern 

as revealed by H&E and Masson stain in 

infected non-medicated mice in both, acute 

and chronic stages of infection, it appears 

that with chronicity there was a noticeable 

increase in the fibrous tissue density and a 

reduction in the inflammatory margin of the 

granulomas. In all groups that received 

medication from the 6th-week p.i. (the acute 

stage of infection) the pattern of granulomas 

showed an obvious decrease in their cellular 

element compared to the non-medicated 

group, becoming fibro-cellular or fibrous.  

In the chronic stage, medication was not 

associated with a noticeable change from 

the picture revealed in the corresponding 

non-medicated group. In the groups which 

started medication throughout the acute and 

chronic stages of infection, the granuloma 

size and number showed a statistically 

significant decrease from the values in the 

corresponding non-medicated control 

groups (P < 0.01) (Table 2) (Figs. 1,2&3).  

 

Table 2: Liver granuloma diameter and number in schistosomiasis mansoni infected mice 

receiving ACEI with/without PZQ, S.O.D PZQ or LD-PZQ, medication commencing 

6 and 12 weeks p.i., compared to the un-medicated infected controls.  

 
Values presented as mean ±SD of the values obtained by examination of 10 successive low-power fields 

etermined by examination of 100 granulomasD##  

* Statistically significant in comparison to the infected untreated control group (P<0.05) 
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Immunohistochemistry (IHC) Results: 

             The mean levels of expression of 

TGF-β1 in liver sections from all infected 

groups, acute and chronic, detected by 

software image analysis on each 10 low-

power fields, were summarized and 

illustrated in Table (3). All medicated 

groups showed a significant reduction 

within TGF-β1 local expression with the 

greatest reduction occurring among groups 

receiving LD-PZQ followed by those who 

received combined ACEI and PZQ, while 

the highest values next to the controls were 

obtained in the groups treated with S.O.D 

PZQ, indicating that administration of the 

ordinary therapeutic dose of PZQ may not 

be enough to minimize fibro-sclerotic 

threats facing hepatic tissue in Schistosoma 

mansoni infection, whether in its acute or 

chronic phase (Figs. 1,2&3).  

 

Table 3: Table summarizing the area percentage of TGF-β1expression in liver tissue of mice 

in acute and chronic stages of schistosomiasis mansoni after applying different 

therapeutic protocols. 

 
# Values are indicated as the mean (± standard deviation) area percentage of TGF-β1expression in 10 low-power 

fields 

* Statistically significant difference (p=0.0000) in comparison to infection control group  

** Statistical significance (p=0.0131) 

*** Statistically significant difference (p=0.0014) 

 

 
Fig. 1: Representative photomicrographs of liver sections with different stains from mice within 

the 3 control groups, normal, PZQ control and ACEI control; Masson trichrome, H&E to the 

left and TGF-β1expression with its localization in the liver sections after IHC staining within 

different groups (right). All sections reflect the normal liver architectural pattern and almost 

negative TGF-β1local expression [H&E, ×100, IHC, ×100]. 
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Fig. 2: Representative photomicrographs of liver sections of Schistosoma mansoni infected 

mice, receiving different drugs beginning from week 6 p.i.. Masson trichrome, H&E to the left 

and TGF-β1 local expression in the liver sections after IHC staining within different groups 

(right); the infection control, non-treated group (A), ACEI group (B), S.O.D PZQ group (C), 

ACEI +PZQ group (D) and LD-PZQ group (E). Expression of TGF-β1 in fibroblasts (red 

arrows) and in hepatocytes (arrowhead). [H&E, ×100, IHC, ×100]. 
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Fig. 3: Representative photomicrographs of liver sections of Schistosoma mansoni infected 

mice, receiving different drugs beginning from week 12 p.i.. with different stains; Masson 

trichrome, H&E  to the left and TGF-β1 local expression in the liver sections after IHC staining 

within different groups (right); the infection control, non-treated group (A), ACEI group (B),  

S.O.D PZQ group (C), ACEI +PZQ group (D) and  LD-PZQ group (E). Expression of TGF-β1 

in fibroblasts (red arrows) and in hepatocytes (arrowhead).  [H&E, ×100, IHC, ×100]. 
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Correlation between TGF-β1 and 

Granuloma Parameters: 

            A positive correlation was 

significantly recorded between mean values 

of TGF-β1 and granuloma parameters, both, 

number and size (R² = 0.794 and 0.9213 

respectively in acute infection, 0.577 and 

0.684 in the chronic phase of infection, P 

value <0.05). 

Toxicity Analysis: 

            Liver function tests (ALT and 

SGOT), and kidney function tests (serum 

creatinine and urea) did not reveal any 

statistically significant difference after drug 

administration either as mono- or combined 

therapy in comparison to those in non-

treated group. Histopathological 

examination of the H&E-stained liver 

sections showed a normal appearance of 

hepatic architecture (Fig. 4). 

 

 
Fig. 4: Photomicrograph showing normally preserved hepatocytes with the normal arrangement 

in cords radiating from central veins (black arrow) and hepatic veins without any signs of toxic 

damaging effects [ left: H&E, right: Masson trichrome]. 

 

DISCUSSION: 

             In this work, and despite the 

significant reduction observed in ova count, 

granuloma size and number with PZQ 

monotherapy, local expression of TGF-

β1was significantly higher in comparison to 

all other groups including those groups that 

received ACEI alone.  This may indicate its 

low capability to achieve healing of 

Schistosoma-induced hepatic lesions, in 

spite of provoking a significant drop in the 

tissue egg load. According to Homeida et 

al. (1991), praziquantel may affect the early 

phases of periportal fibrosis. This may be 

due to affection of collagen composition by 

prevention of its cross linking, which 

stabilizes the tissue against fibrolysis 

(Pellegrino & Katz, 1968).  Collectively, 

praziquantel prevents the extra fibrous 

tissue formation. Yet, it is not known 

whether praziquantel influences existing 

fibrosis, i.e. provoking fibrolysis, or not 

(Rahoud et al., 2010). In the research of 

Nono et al. (2020), PZQ among other 

therapies failed to potentially reverse 

already established fibrosis. Contrarily, in 

the current study, the LD-PZQ course 

achieved the best anti-fibrotic outcome in 

acute and chronic phases of infection, 

evidenced by the significant lowermost 

local expression of TGF-β1 within hepatic 

tissues. Despite the recorded benefit of LD-

PZQ as a therapeutic protocol in confining 

hepatic fibrosis, there is an urgent need for 

new treatment protocols against this 

endemic parasitic infection whose control 

based exclusively on PZQ which has been 

used widely over the past 40 years with 

repeated documentation about its failure 

(Silva et al., 2005 and Praticò et al., 2014).  

             Long-duration praziquantel (LD-

PZQ), on the other hand, was reported to 

have an anti-fibrotic effect by Berhe et al. 

(2008) and Liang et al. (2011) who 

about:blank
about:blank
about:blank
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documented a significant reduction of 

periportal thickening/ fibrosis in 

schistosomiasis mansoni infection after 

treatment with PZQ.  Nono et al. (2020) 

stated that PZQ was able to directly mitigate 

tissue fibrosis.  In their study on S. 

japonicum induced liver fibrosis in mice 

they showed that LD-PZQ inhibited the 

expression of profibrotic genes including 

that of TGF-β1 and thus recommended PZQ 

as a potential new anti-fibrotic agent. Long 

duration anti-fibrotic therapeutic strategy 

was applied during a mass praziquantel 

treatment done by Boisier & his coworkers 

(1998) for all inhabitants of a village in 

Madagascar for three successive years, 

where using ultra-sonographic imaging 

showed a significant decrease in prevalence 

of schistosomal liver fibrosis among the 

study population.  

              The expression level of TGF-β1 

not only affects hepatic fibroblasts activity, 

but also affects the parasitic stages and 

embryogenesis as well through acting in the 

signaling process in S. mansoni adults, and 

what is reflected in the ova count (Freitas et 

al., 2007; Knobloch et al., 2007; Loverde et 

al., 2007). Accordingly, in the current work, 

ACEI used alone or combined with PZQ, by 

reducing the expression level of TGF-β1, 

may have affected the developmental and 

embryogenesis processes of the parasitic 

stages, leading to significant reduction of 

egg load and improvement observed in 

hepatic tissue. This improvement may not 

only be restricted to the phase during which 

the experiment was conducted but may 

extend to possibly affecting the fate of 

infection and the surrounding hepatic tissue, 

supposing a great rate of hepatocyte 

regeneration as a result of the down-

regulated TGF-β1. This hypothesis is based 

on what was documented by Liu & Chen 

(2017), that TGF-β1 is the most common 

inhibitor for hepatocyte proliferation which 

prevents signals associated with 

hepatic regeneration.   

             It appears that PZQ may not only 

destroy the parasites and decreases their 

fecundity (Lamberton et al., 2017), but also 

influences the host immune response 

therefore, it has dual effects on the 

infection. El-Lakkany et al. (2012) stated 

that with egg elimination and inflammatory 

reaction subsidence, expression of collagen 

gene will decrease. The authors also, 

suggested that attenuation of inflammatory 

signals may result in decreased HSC 

activation and reduced IL-13 production by 

macrophages and monocytes, which would 

reduce TGF-β1 stimulation. This latter 

finding goes with that recorded in the 

current study when the LD-PZQ treatment 

regimen was applied. 

            In the current study, Lisinopril, a 

member of the ACEI family, when 

administered alone or in combined with 

PZQ was found to have anti-fibrotic effect 

expected from the significant reduction in 

granuloma size and number in both, acute 

and chronic phases of schistosomiasis and 

also from the low TGF-β1 values in 

hepatocytes and fibroblasts, this group is 

found to have the second lowest values after 

the LD-PZQ - medicated group. 

            Attia et al. (2013) suggested that the 

AT-I receptor blocker telmisartan could 

have an anti-fibrotic effect, in acute and 

chronic schistosomiasis induced liver 

fibrosis in mice. Treatment by telmisartan, 

demonstrated regression of the 

granulomatous inflammatory reaction, 

leading to reduction in the mean diameter of 

the fibro cellular granuloma at the 10th and 

15th week post-infection by 16.15% and 

27.64%, respectively, in comparison to 

infected control groups. This is 

conformable with the present study results, 

where using Lisinopril in treatment led to a 

reduction of granuloma size by 13.34% and 

16.71% at the 10th and the 16th-week post-

infection, respectively. Another study using 

microarray and Western blot emphasized 

the anti-fibrotic potential of ramipril (an 

ACEI) on renal fibrosis by downregulation 

of TGF-β1, extracellular matrix protein and 

connective tissue growth factor (Gross et 

al., 2004). ACEI proved to have anti-

inflammatory properties when used by 

Boskabadi et al. (2019) in their clinical trial. 
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The decrease in the cellular element of liver 

granulomas reported in the present study 

when medicating mice within the acute 

stage of infection with Lisinopril alone or in 

combination with PZQ may support this 

observation. 

             Peng et al. (2005) documented a 

new mechanism of action for ACEI that 

may clarify its anti-fibrotic effect on cardiac 

tissue, by blocking the hydrolysis of N-

acetyl-seryl-aspartyl-lysyl-proline (Ac-

SDKP) thus, reducing fibroblasts 

proliferation, TGF-β1expression, 

inflammatory cell infiltration and collagen 

deposition. Other studies assessed the anti-

fibrotic effect of angiotensin receptor 

blockers and ACEI on cardiac, lung and 

renal fibrosis (Gross et al., 2004; Samuel et 

al., 2014; Fang et al., 2017 and Srivastava 

et al., 2020). 

             In the present study, examination of 

hepatic granuloma number and size 

revealed a positive correlation between 

these parameters and TGF-β1, based on the 

finding that the variable decrease in both, 

granuloma number and size observed in all 

medicated groups was associated with a 

more or less equivalent drop in TGF-β1 

expression level. On the other hand, the 

discrepancy between the fibrotic 

appearance of the granulomas after Masson 

staining and the results of IHC showing a 

drop in the TGF-β1 levels may indicate that 

the examination by Masson stain is not 

enough criterion or may be misleading in 

the matter of judging the liver condition, 

while IHC, especially with automated 

reading seemed to be a more accurate 

indicator for prognosis, determination of the 

level of TGF-β1 reflecting the actual 

process occurring within the cells, whether 

driving in the direction of fibrosis or 

prevention of tissue scarring.   

            Yang et al. (2013) found that TGF-

β1 signaling within hepatocytes promotes 

the development of hepatocellular 

carcinoma (HCC) by inducing hepatocyte 

apoptosis and its compensatory 

proliferation thus, promoting cancer 

development. This may point out the value 

of any therapy that, in addition to the 

treatment of schistosomiasis, manages to 

lower the TGF-β1 level. In this context, the 

PZQ-ACEI combination has shown to have 

efficiently lowered TGF-β1 levels in the 

present study and thus could be promising 

in acting against the development of HCC, 

other than the mono-praziquantel regimen, 

where TGF-β1 levels, although 

significantly lower than that in the infected 

controls, were still high. In the study of 

Liang et al. (2011), using a mono-

praziquantel regimen, TGF-β1 levels were 

even higher than in the non-infected 

controls. 

In conclusion 

             Both, long duration praziquantel 

treatment regimen and angiotensin-

converting enzyme inhibitor “Lisinopril” 

were successful in reducing the level of 

TGF-β1 both in the hepatocytes and 

fibroblasts, thereby increasing the 

possibility of healing without scarring. 

Repurposing ACEIs, originally anti-

hypertensive drugs to be used as an anti-

fibrotic agent in adjunct to the gold standard 

specific therapy praziquantel, will not only 

treat schistosomiasis but also aims at 

blocking the fibrotic process responsible for 

most of the complications induced by this 

endemic disease and may pave the way for 

successful hepatocyte regeneration, by 

lowering TGF-β1 levels and reducing the 

risk of malignant transformation in the 

liver. Using ACEI instead of long-term use 

of PZQ has the additional benefit of not 

exposing the community to evolving 

unwarranted resistance to PZQ, a drug 

which is to date still indispensable for the 

treatment of bilharziasis. Lisinopril's ability 

to break up established hepatic scar tissue 

needs to be further investigated. 
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