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Abstract
Schistosomiasis is a serious and neglected tropical illness with a negative influence on human
health. It's treated with praziquantel (PZQ), which has been linked to resistance and reinfections.
As a result, new anti-schistosomal medications are desperately needed. Medicinal plants, partic-
ularly crude preparations of medicinal herbs, have a potential treatment against schistosomiasis.
Uncaria (U.) tomentosa is a rainforest plant native to the Amazon and Central America. It is
commonly used in traditional medicine due to its immunomodulatory and anti-inflammatory ef-
fects. This study aimed to compare both antiparasitic and hepatoprotective efficacy of U. tomen-
tosa bark extract to PZQ in mice infected with Schistosoma mansoni. To evaluate its anti-
parasitic qualities, worm load, egg count, granuloma counts, and diameters were measured. Al-
so, liver tissues were immune stained using nuclear factor kappa-B (NF-B), and the levels of the
inflammatory proteins interleukin (IL)-4, IL-5, and nitric oxide (NO) in the serum were as-
sessed. U. tomentosa had a substantial impact on granuloma diameter but without significant
impact on worm load, tissues egg load, or granuloma numbers. It has a good hepatoprotective ef-

fects through improvement of liver enzymes and reduction of NF-kB.
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Introduction

Schistosomiasis is endemic in 55 nations
with the worst regions were Africa, the Mid-
dle East, the Caribbean, Brazil, Venezuela,
and Suriname (Silva-Moraes et al, 2019).
After malaria, it is the second leading cause
of death from parasites (Hotez and Fenwick,
2009; Keitel et al, 2019). Consequently, sch-
istosomes affects 190 million individuals,
with 70 million new infections annually (GI-
obal Burden of Disease Study, 2017), caus-
ed 21,151deaths in sub-Saharan Africa out
of 24,068 global ones (WHO, 2018). It acc-
ounted to 4.5 million years of with life disa-
bility (Hailegebrie et al, 2021), with African
Patients at least 90% need treatment (WHO,
2020). It affects liver causing granuloma
formation with severe fibrosis that disrupts
blood flow with subsequent portal hyperten-
sion that may lead to fatal esophageal bleed-
ing. Hepatosplenomegaly and liver cirrhosis
are commonly associated (Manzella et al,
2008).

Schistosomiasis treatment relies mainly on
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praziquantel (PZQ) which the known medi-
cation for decades. Despite reports of devel-
opment of treatment resistance with rate low
of cure and/or egg reduction (Fukushige et
al, 2021). This resistance might be occurred
due to its prolonged use either in cases of
treatment or during mass drug administra-
tion (Ghazy et al, 2021). It is also associated
with high rate of reinfection and high costs
to cover all parts of an endemic area (Step-
henson et al, 2014). These causes reinforced
the need to for new safe, cheap and effective
therapies against schistosomiasis.

The Egyptian Herbal extracts are consid-
ered the major source of biologically active
compounds for new therapies against para-
sitic infections (Abdel Hady ez a/, 2008).

Uncaria tomentosa (U. tomentosa) is com-
monly known as cat’s claw, originated from
the Amazon rainforest and others of South
and Central America as a tropical plant. As
to toxicity outcome, rats given dosages of
8g/kg & 1g/kg/28days respectively, didn’t
show acute or chronic toxicity. More than 50



chemical components in total, including nu-
merous secondary metabolites contained tet-
racyclic and pentacyclic oxindole alkaloids
with anti-inflammatory, antioxidant, antine-
oplastic, antibacterial, antiprotozoal, and im-
muno-stimulant properties (Abou-el-Nour e?
al, 2015; Santos et al, 2016; Batiha et al,
2020). U. tomentosa immunological activity
was mainly by immunological polarization
to CD4 Th2 cells and their cytokines (Dom-
ingues ef al, 2011b). It has hepato-protective
properties by inhibiting nuclear fact- or kap-
pa B (NF-B) that activate a number of pro-
inflammatory and cytotoxic cytokines (TNF-
& IL-6) that result in oxidative stress and li-
ver damage. Also, the extract inhibits nitric
oxide (NO) generation that decreased cyto-
toxic effect and hepatic inflammatory path-
way, with down-regulating the expression of
inducible nitric oxide synthase (Elgawish et
al, 2019).

NF-«B (The nuclear factor-kappa B, p65)
transcription factor is a main regulator of in-
flammation; whose activation is essential for
release of pro-inflammatory cytokines from
tissues exposed to pathogen-associated mo-
lecular patterns. It has a dual function in inf-
lammation, acting both to cause and to reso-
Ive inflammation (Abd El-Aal et al, 2017).
The NF-kB signals have a critical role in
hep-atic fibrosis development by altering
hepatocyte, hepatic stellate cells and Kupffer
cell functions (Lawrence and Fong, 2010).

This study aimed to evaluate the antipara-
sitic and/or hepatoprotective effects of U. to-
mentosa bark extract on mice experimentally
infected with Schistosoma mansoni by para-
sitological, histopathological, and immuno-
logical studies.

Materials and Methods

Ethics Statement: For the study, pathogen-
free male BALB/c mice (6-8 weeks old, 18-
20gm) were used. They were housed in a br-
eeding environment in Theodor Bilharz Res-
earch Institute's (TBRI) animal house in Gi-
za. Mice were fed a commercial pelleted diet
in a breeding chamber kept at 20-22°C. All
procedures were carried out in compliance
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with international ethical guidelines approv-
ed by TBRI's institutional ethical committee
that agreed with Helsinki 92000)

Study Design: Mice were divided into five
groups of ten mice each. GI: mice were non-
infected and non-treated (negative control).
GII: mice were infected with S. mansoni, but
not received therapy (positive control). GIII:
mice were infected with S. mansoni and tre-
ated with U. tomentosa bark extract. GIV:
mice were infected with S. mansoni and sub-
sequently treated with PZQ. GV: mice were
treated by U. tomentosa bark extract & PZQ.
Mice were infected with an Egyptian strain
of S. mansoni by subcutaneous injection of
80-100 cercariae (Peters and Warren, 1969).

U. tomentosa bark extract & PZQ treatm-
ent: Extract was purchased from Creative
Enzymes, USA. A 400 mg/kg oral dosage
was administered to mice of GIII & GV stra-
ins for 21 days (Domingues et al, 2011a)
from the day 30 post infection (PI). Praziqu-
antel (Egyptian International Pharmaceutical
Industries Company (E.I.P.C.0O.) was suspe-
nded in 2% cremophore (Sigma Aldriich,
USA) and given orally for two days at a do-
se of 500mg/kg 45 days PL to GIV & GV
(El-Lakkany et al, 2012).

Euthanizing mice and sample collection: At
the end of the 8™ week of PI, all mice were
decapitated. Centrifugation at 3000rpm for 5
minutes was used to separate sera from pe-
ripheral blood, which was kept at -20°C unt-
il use. Livers were taken out and rinsed with
physiological saline after worm counting.

Worm count: It was made by normal saline
perfusion of hepatic and porto-mesenteric
vessels through cannulation of inferior vena
cava of euthanized mice. Male, female and
coupled worms were counted (Duvall and
DeWitt, 1967).

Tissue egg load: Liver and ileum samples
were collected from each mouse, weighed,
and digested in 5% KOH at 37°C for 16hr, at
x40, ova were counted (Herbert ez a/, 2010).

H & E stain for bilharzial granuloma: Liv-
er samples were fixed in formalin, paraffin-
ized and stained. Granulomas number was



counted, and their diameters were digitally
measured using an Olympus SC100 multih-
ead microscope. Only the diameter of granu-
loma with a single ovum was considered.

Immunohistochemical staining: Immune
staining of paraffinized liver sections was
done using nuclear factor kappa-B p65 (NF-
kB p65) (Cell Signaling Technology, USA)
after Ashour et al. (2015). Positivity was co-
nfirmed by brown cytoplasmic and nuclear
staining. Stained slides were evaluated quan-
titatively using the H-score. Briefly, intensi-
ty of staining was assigned a number rang-
ing from (1", 2° & 3") for mild, moderate,
and strong staining respectively. Percentage
of stained cells in each tissue was multiplied
by its intensity. A score of 0-300 was given
to staining (Fraser et al, 2003), bio-marker
after following equation H score = 1 x (% ce
s 17) +2 x (% cells 27) + 3 x (% cells 3").

Assessment of IL-4, IL-5 &NO serum lev-
els: Serum levels of IL-4, IL-5 and NO were
measured by a solid-phase sandwich ELISA.
IL-4 & IL-5 Kits were purchased from The-
rmo-Fisher Scientific, USA. NO level was
measured using commercial kit (Bio-diagn-
ostic Co., Egypt). Steps were carried out in
accordance with the manufacturer's method-
ology. OD values were measured at 450nm
absorbance except serum NO level at 550nm
with an ELISA reader (Bio-Rad, UK).

Liver enzymes: As a biomarker of liver
injury, ALT and AST were measured. They
were calorimetrically estimated using standa
rd diagnostic kits (BioSystems S.A. Costa
Brava, Barcelona (Spain) after Reitman and
Frankel (1957).

Statistical analysis: Data were collected,
tabulated, and analyzed using an IBM per-
sonal computer with Statistical Package of
Social Science (SPSS) version 20 (IBM Cor-
porations, 2011), Armonk, NY and Epi Info
2000 programs, where the following statis-
tics were applied. Descriptive statistics: Quan-
titative data were presented in form of mean (X),
standard deviation (SD), range, and qualitative
data were presented in numbers and percentages
(%). Analytical statistics: One-way ANOVA test
(F) is a test used for comparison between more
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than two groups having quantitative parametric
variables. Student’s t- test is a test used for com-
parison between two groups having quantitative
parametric variables used for post hoc test. P-
value of >0.05 was considered not significant, P-
value of <0.05 was considered statistically sig-
nificant and P-value of <0.001 was considered
highly significant.
Results

The highest male worm load reduction was
in mice treated with PZQ, without signific-
ant difference between groups received PZQ
alone (69.05%) and those received U. tome-
ntosat+ PZQ (66.7% or P6 >0.05). Female
worm load reduction percent was (80.9%, &
88.1%, respectively) and coupled worm load
yielded similar findings (79.7%, & 88.4%
respectively). When compared U. tomentosa
treated group to infected non-treated one, no
significant difference was found (P1: >0.05).

As regards to tissue egg load-either that of
intestine or liver, highest reduction was rec-
orded in both mice groups that treated with
PZQ without significant difference between
those who received PZQ alone (88.8% intes-
tine & 80.7% liver) or treated with U. fo-
mentosa + PZQ (88.8% intestine & 80.5%
liver) (P6: >0.05). U. tomentosa alone show-
ed a significant reduction of intestinal and
liver egg load (P1: <0.001) when compared
with infected non-treated one, but with sig-
nificantly reduction than induced by PZQ.

Granuloma number, highest reduction was
detected in PZQ treated groups either alone
(51.6%) or treated with U. tomentosa + PZQ
(73.6%) without significant difference bet-
ween them (P6: > 0.05). Reduction in mice
treated with U. tomentosa alone was 41.8%,
with a significant difference when compared
with infected non-treated ones (P1: <0.001).
The opposite was observed in granuloma di-
ameter, where U. tomentosa showed the best
results. Highest reduction was found in the
U. tomentosa treated groups either alone
(80.2%) or with PZQ (82.1%), but without
significant difference (P5: >0.05). PZQ tre-
ated group showed a significant lower diam-
eter reduction (41.9%) than both U. tomen-
tosa treated ones (P4 & P6: <0.001).



As to immunohistochemical staining of li-
ver tissues, lowest mean H-scores of NF-xB
was recorded in U. tomentosa treated mice
either alone (22.3+1.8) or with PZQ (21.1+
1.79), but without significant difference (P5:
>0.05). PZQ treated group showed highest
score (36.1£2.07) with a significant differ-
ence between them and U. tomentosa treated
groups (P4 & P6: <0.001). Highest mean
serum level of IL-4 & IL-5 was detected in
U. tomentosa treated onesalone (100+2.7,
94.8+2.4 respectively) or with PZQ (104.1+
5.9, 96.6x1.5), but without significant dif-
ference between both groups (P5: >0.05).
PZQ treated mice showed lowest serum lev-
el (72.945.8, & 65+3.9 respectively) with a
significant difference between them and U.
tomentosa treated ones (P4 & P6: <0.001).

Reverse was in NO serum level, both U. to-
mentosa treated ones gave lowest mean se-
rum level either alone (8.6+-0.46) or with
PZQ (8.3+£0.28), but, without significant dif-
ference between both groups (P5: >0.05).
PZQ treated group showed hig-hest mean
serum level in all treated groups (10.9+0.53)
with a significant difference between them
and U. tomentosa treated ones (P4 & P6:
<0.001). Best improvement of liver enzymes
ALT & AST was detected in both U. tomen-
tosa treated groups either alone (70.2% &
64.1% respectively) or with PZQ (71.6% &
66% respectively), but without significant
difference between both groups (P5: >0.05)

Details were given in tables (1, 2, 3 & 4)
and figures (1, 2, 3,4 & 5).

Table 1: Comparison between mean worm loads in groups:

Variations No. X+ SD % of reduction | ANOVA (F test) Post Hoc test
Infected 10 4.2+0.79 P1:>0.05

U. tomentosa 10 3.9+0.88 7.1% P2: <0.001**

PZQ 10 1.4+0.52 66.7% P3: <0.001**

Male U. tomentosa +PZQ | 10 1.3+1.25 69.05% P<0.001** P4: <0.001**

worms P5: <0.001**
P6: >0.05
Infected 10 4.2+0.79 P1:>0.05

U. tomentosa 10 3.8+0.79 9.5% P2:<0.001**

PZQ 10 0.80+0.79 80.9% P3: <0.001**

Female U. tomentosa + PZQ | 10 0.50+0.54 88.1% P<0.001%** P4: <0.001**

worms P5: <0.001**
P6: >0.05
Infected 10 6.9+0.74 P1:>0.05

U. tomentosa 10 6.3+ 1.1 8.6 % P2: <0.001**

PZQ 10 1.4+1.26 79.7% P3: <0.001**

Couple U. tomentosa + PZQ | 10 0.80+0.92 88.4% P4: <0.001**

worms P5: <0.001**
P6: >0.05

Comparison; P1: between infected mice & U. tomentosa treated ones. P2: between infected mice & PZQ ones. P3: between
infected group & U. tomentosa + PZQ ones. P4: between U. tomentosa mice & PZQ ones. P5: between U. tomentosa mice &
U. tomentosa + PZQ ones. P6: between PZQ mice & U. tomentosa + PZQ.

Table 2: Comparison between mean tissue egg loads in groups:

Variations No. | X£SD % of reduction | ANOVA (F test) Post Hoc test
Infected 10 7381+159.8 P1: <0.001**
Intestinal U. tomentosa 10 6250£161.5 | 15.3% P2: <0.001**
Egg Count | PZQ 10 830+18.4 88.8% P3: <0.001**
U. tomentosa+PZQ | 10 829.4+15.4 88.8% P<0.001** P4: <0.001**
P5: <0.001**

P6: >0.05
Infected 10 3731.7£160.2 P1: <0.001%*
U. tomentosa 10 1363+83.6 63.4% P2: <0.001**
Liver PZQ 10 721£14.9 80.7% P<0.001** P3: <0.001**
Egg Count | U. tomentosa+PZQ | 10 728.5+14.7 80.5% P4: <0.001**
P5: <0.001**

P6: >0.05
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Table 3: Comparison between mean numbers and diameters of liver granulomas in groups.
N X+ SD % of reduction ANOVA (F test) | Post Hoc test
Infected 10 9.1+0.88 P1: <0.001**
U. tomentosa 10 5.3+0.67 41.8% P2: <0.001**
Granuloma PZQ 10 4.4+0.52 51.6% P3: <0.001**
number U. tomentosa + PZQ | 10 4.0+£0.47 73.6% P<0.001%** P4: <0.05*
P5: <0.001**
P6: >0.05
Infected 10 227.3+13.8 P1: <0.001**
U. tomentosa 10 44.9+5.4 80.2% P2: <0.001**
Granuloma PZQ 10 13249.2 41.9% P<0.001** P3: <0.001**
diameter U. tomentosa + PZQ | 10 40.6+6.8 82.1% P4: <0.001**
P5:>0.05
P6: <0.001**

Comparison; P1: between infected mice & U. tomentosa treated ones. P2: between infected mice & PZQ ones. P3: between
infected group & U. tomentosa + PZQ ones. P4: between U. tomentosa mice & PZQ ones. P5: between U. tomentosa mice &
U. tomentosa + PZQ ones. P6: between PZQ mice & U. tomentosa + PZQ.

Table 4: Comparison between mean H- scores of NF-kB in groups

N X + SD ANOVA (F test) Post Hoc test

Infected 10 48.5+1.6 P1:<0.001**

U. tomentosa 10 22.3+1.8 P2: <0.001**

H-Score of NF-kB | PZQ 10 36.1£2.07 P<0.001** P3: <0.001**

in liver tissues U. tomentosa +PZQ | 10 | 21.1£1.79 P4: <0.001**
P5:>0.05

P6: <0.001**

Discussion

Egyptian medicinal plants have a marked
role as anti-helminthes (Abo-Madyan et al,
2004), antiprotozoa (Rizk et al. (2019) as
well as larvicidal action (Abdel-Hady et al,
2014) In the present study, PZQ-treated
groups had the best significant reductions in
worm load, tissue egg count, and number of
liver granulomas.

U. tomentosa treatment group showed the
lowest reduction percentage with relatively
limited effectiveness. This agreed with auth-
ors confirmed the superiority of PZQ as anti-
schistosomal drug. El-Lakkany et al. (2012)
recorded that silymarin a product of artich-
oke lost to PZQ and the best results achieved
when the extract was combined with PZQ.
Also, Shaaban et al. (2019) reported that an-
ti-schistosomal effect of PZQ was more effi-
cient than Crocus sativus aqueous extract al-
one. However, other herbs extract recorded
equal results or overcame PZQ’s antiparasit-
ic effects as Pomegranata granatum, Comm-
ophora molmol extracts Allium sativum, A.
cepa, Schitozim, Artemisia absinthium, Tan-
acetum parthenium, A. sativum clove, Zin-
giber officinale, Lavendula dentata L., Thy-
mus capitatus L. and T. bovei (El-Sherbini et
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al, 2009; Mantawy et al, 2011; El-Hela et
al, 2013; Allan et al, 2014; de Almeida et al,
2016). Meanwhile, the opposite was noted in
granuloma diameter, U. tomentosa treated
groups gave highest granuloma diameter re-
duction either alone or with PZQ. But the
significant difference between U. tomentosa
treated group and PZQ treated group con-
firmed the ability of this extract to reduce
granuloma diameter and protect the liver
from damage. To our knowledge, none pub-
lished about the relation between U. tomen-
tosa extract and the S. mansoni granuloma
diameter, but others supported the hepato-
protective effects of this extract and reduc-
tion of liver damage caused by hepatotoxic
substances as fipronil (Abdelrazek et al,
2017) and carbon tetrachloride (Al-khayyal
et al, 2019), as well as hepatoprotective ef-
fect due to its high antioxidant efficacy that
prevented the inducible nitric oxide synthase
gene expression (Batiha et al, 2020).

In the present study, the lowest mean H-
scores of NF-kB expression in liver tissues
was seen in both U. tomentosa treated grou-
ps. Liu et al. (2014) reported that preven-
tion of hepatic fibrosis is intimately related
to the inhibition of NF-kB signaling. Thus,



U. tomentosa can prevent hepatic fibrosis
caused by S. mansoni infection. Also, Wan
et al. (2017) found that formation of hepatic
granulomas and fibrosis were primarily
linked to NF-xB activation. Elgawish et al.
(2019) reported that U. tomentosa decreased
liver tissue immunostaining and liver dam-
age via the inhibition of NF-kB. Baska and
Norbury (2022) reported that of NF-kB and
reduce the oxidative stress S. mansoni in-
duced NF-kB activation in hepatic stellate
cells associated with liver fibrosis.

The current results recorded that highest
mean serum level of IL-4 and IL-5 in U. fo-
mentosa treated groups. Schistosomiasis
host developed an early Thl-polarized re-
sponse as determined by increasing of IL-2,
IFN-y, & TNF-a, following oviposition pre-
cipitated Th2 immune response and subse-
quently raises the levels of IL-4, IL-5, IL-10,
& IL-13 (Stadecker et al, 2004). Th2 cells
play a crucial host-protective role during in-
fection as they are a major constituent of gr-
anulomas developed around the eggs which
sequestering eggs away from the surroundi-
ng liver tissues (Fairfax et al, 2012). The IL-
4 has a potential protective function in schis-
tosomaiasis and hepatocyte damage was mo-
re markedly exacerbated with high mortality
rates in the IL-4-deficient mice (Fallon et al,
2000). But, IL-5 is important for eosinophil
differentiation released from bone marrow
recruitment into the tissues, and/or its activa-
tion in S. mansoni infected mice (Sher et al,
1990). The major component of granuloma
is eosinophils with some neutrophils, fibro-
blasts, plasma cells and macrophages, block-
ing the action of IL-5 decreased granuloma
size (Mourra et al, 2006). Domingues et al.
(2011b) reported that the extract induces
Th2 polarization, with increased levels of
IL-4 & IL-5.

In the present study, lowest mean serum
level of NO was in U. tomentosa treated
groups, but highest one was recorded in in-
fected non treated mice as compared to the
healthy control. This agreed with Al-Olayan
et al. (2016) who reported that schistosomia-
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sis caused a significant increase in the levels
of NO compared with control. U. tomentosa
down regulated the expression of inducible
nitric oxide synthase that lowered nitric ox-
ide production and blocks cytotoxic effect
and hepatic inflammatory pathway (Sando-
val-Chacon et al, 1998). Thus, the present
study showed best levels improvement in the
ALT & AST in U. tomentosa received mice.
This agreed with Abdelrazek et al. (2017)
they reported that the hepatotoxic substance
fipronil improved ALT & AST in U. toment-
osa treated mice. Moreover, Al-khayyal et
al. (2019) who reported hepatic injury were
improved by carbon tetrachloride.
Conclusion

Undoubtedly, zoonotic schistosomiasis is
one of the worldwide zoonotic parasites af-
fecting the human welfare, and consequently
must be eradicated.

Uncaria tomentosa extract alone cannot tr-
eat schistosomiasis mansoni in mice. How-
ever, it markedly has hepatoprotective eft-
ects through the liver enzymes and the redu-
ction of NF-xB.
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Explanation of figures
Fig. 1: H & E-stained liver tissue showed: a. Liver tissue of infected mice with large sized bilharzial granuloma (white arrow) with central
ova surrounded by histiocytic and lymphocytic infiltrate. b. Liver tissue of PZQ treated mice with medium sized bilharzial granuloma (white
arrow) with central ova surrounded by epithelioid cells surrounded by rim of lymphocytes. c. Liver tissue of U. tomentosa treated mice with
small sized Bilharzial granuloma (white arrow) with central ova surrounded by histiocytic and lymphocytic infiltrate.
Fig. 2: a. NF-kB Immunostaining of liver tissue: a. Strong positive expression of NFKB in large sized granuloma of infected mice. b. Mod-
erate positive expression of NFKB in medium sized granuloma of PZQ treated mice. c. low positive expression of NFKB in small sized
granuloma of U. tomentosa treated mice.
Fig. 3: Comparison between groups regarding serum levels of IL-4 (A) and IL-5 (B)
Fig. 4: Comparison between groups regarding serum levels of Nitric oxide.
Fig. 5: Comparison between groups regarding serum levels of liver enzymes ALT (A) and AST (B).
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