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Abstract

Toxoplasma gondii (T. gondii) protozoan invades any nucleated cell with a special predilection to
reticuloendothelial cells. Liver is severely affected during acute toxoplasmosis. Promisingly, fisetin
(FIS) flavonoid was proved to have antioxidant, anti-inflammatory, anti-cancerous, and anti-protozoal
effects. This study was designed to evaluate the anti-Toxoplasma effect and the hepatoprotective po-
tential of FIS in vivo. Mice were infected with the virulent RH strain of 7. gondii in a dose of
1x10’tachyzoites/mouse. Mice were divided into seven equal groups: G1: healthy control, G2: infected
control, G3: Pyrimethamine® (PYR)/sulfadiazine (SDZ)), G4: oral-FIS, G5: oral-FIS+ PYR treated,
G6: intraperitoneal (I.P) FIS, and G7: I.P FIS+PYR treated. Survival rate was estimated, and tachyzo-
ites were counted in liver impression smears. Liver enzymes and C reactive protein (CRP) were meas-
ured in mice sera. Liver tissues were examined for inflammatory mediators; cyclooxygenase 2 (COX-
2), interleukin (IL) -10, IL-12, IL-1pB, oxidative mediators; inducible nitric oxide synthase (iNOS),
myeloperoxidase (MPO), and malondialdehyde (MDA) FIS showed a moderate effect on parasite sur-
vival and tachyzoites count, with an excellent effect in reducing serum liver enzymes activity and pro-
inflammatory mediators. Combined (FIS+PYR) showed the best anti-parasitic and hepatoprotective
actions. Its administration I.P. gave significant cure compared to oral route. FIS when given L.P than
oral FIS had a good anti-inflammatory and antioxidant effect, decreased inflammatory cytokines and
improved hepatic pathology of acute toxoplasmosis. Combined FIS/PYR was the best drug regimen.
Keywords: Toxoplasma gondii, Fisetin, Arginase inhibitor, Oxidative stress, iNOS; Interleukins, Liver
enzymes.

Introduction nocompetent individuals, the acute phase of

Toxoplasmosis (7. gondii), a worldwide di- infection was presented as transient unno-
stributed zoonosis that can be transmitted  ticed low or mild symptoms, but in immun-
congenitally affecting fetuses. Different ocompromised patients, 7. gondii is a life-
genotypes and infective dose were related  threatening opportunistic infection, resulted

factors causing different clinical manifesta- from reactivated la-tent infection or primary
tions (Pardini et al, 2019). Apart from con- infection. But congenital toxoplasmosis re-
genital trans-mission infection could be ac- sulted from trans-placental passage of

quired by ingestion or inhalation of oocysts tachyzoites into fetus during a pregnant pri-
from cat feces (Al-Kappany et al, 2010) or =~ mary infection, led to miscarriage, habitual
from consumption of undercooked infected abortion, stillbirth, neonatal death, or ocular

meat (Belluco et al, 2016) or blood transfu- and neurologic disease, and neurocognitive
sion (Step-hen et al, 2017) or organ trans-  deficits in the newborns (Manuel et al,
plantation (Saadatnia and Golkar, 2012) or  2020).

nosocomial by needle-stick injury (Abdel- Consequently, prophylaxis and treatment

Motagaly et al, 2017). Toxoplasmosis is a of toxoplasmosis were indicated particular-
disease with clinical manifestations and ly among childbearing aged females (Saleh
symptoms (Andrade et al, 2006). In immu- et al, 2014). The widely used toxoplasmosis
treatment was pyrimethamine® (PYR) and  al, 2019), particularly in USA (Butler ef al,
sulfadiazine® (SDZ) combination (Silva et 2013), Egypt (Al-Agroudi et al, 2017), and
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France (Chemla and Villena, 2017). But, the
combination of pyrimethamine/sulfadiazine
was more or less not safe in the first trimes-
ter of pregnancy due to their serious teratog-
enic effects (Peters et al, 2007). Spiramy-
cin® was safely alternative given during pre
gnancy, but with less efficacy and possible
harmful effects on the fetus (Wei et al,
2015). So, many authors returned to the me-
dicinal plants & herbs with phenolic constit-
uents (Abdel-Hady et al, 2014).

Flavonoids natural polyphenolic compoun-
ds with many biological roles were consider-
ed as potential therapeutic agents (Li et al,
2012). Fisetin or FIS (3, 7, 3', 4'-tetrahydro-
xyflavone) is a natural flavonoid found in
green vegetables and fruits as grapes, apples,
strawberries, persimmons, onions, and cucu-
mbers (Grynkiewicz and Demchuk, 2019). It
is poorly absorbed from the gastrointestinal
tract as it has low aqueous solubility and bi-
oavailability (Kashyap er al, 2018). FIS
obey the first-order reaction in degradation
mediated by oxidation, hydroxylation, and
ring-cleavage (Wang and Zhao, 2016). Flav-
onoids supplements dietary during pregnan-
cy was safe without side effects (Barenys et
al, 2017). Also, FIS flavonoid showed an
anti-protozoal action against Plasmodium fa-
lciparum, Trypanosoma brucei, Cryptospor-
idium parvum, Entamoeba histolytica and
Giardia lamblia (Martinez-Castillo et al,
2018). It has antioxidant, anti-angiogenic,
anti-inflammatory, antitumor, senotherapeu-
tic, and neuroprotective effectivities (Grynk-
iewicz and Demchuk, 2019). The anti-infla-
mmatory mechanism of FIS reduced the ex-
pression and activity of cyclo-oxygenase 2
(COX-2) enzymes and several pro-inflamm-
atory cytokines formation (Kim et al, 2012).

This study aimed to evaluate the antioxid-
ant, anti-inflammatory, and anti-parasitic ef-
fect of FIS (oral and intraperitoneal, I.P.) on
the RH virulent strain of 7. gondii in exper-
imental infected mice, Also, to evaluate the
efficacy of the FIS to replace sulfadiazine®
in combination with pyrimethamine®, which
is the golden drug for toxoplasmosis.
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Materials and Methods

Parasite and experimental animals: The vi-
rulent 7. gondii RH HXGPRT (-) strain was
maintained in Parasitology Department, Fac-
ulty of Medicine, Alexandria University by
serial I.P passages of tachyzoites in parasite-
free laboratory-bred Swiss albino mice. The
peritoneal exudate was harvested on the fifth
day post-inoculation and then diluted in
phosphate buffered saline (pH =7.4). A total
of 112 clean laboratory-bred male Swiss Al-
bino mice (6-8 weeks old, 20gm weight)
were caged at room temperature with 12/12
h light/dark cycles and allowed access to
commercial rodent chow and tap water via
the experimental period. Mice were I.P infe-
cted by 1x10° tachyzoites/ mouse (Leesomb-
un et al, 2016).

Drug regimen: FIS was purchased (Sigma-
Aldrich St. Louis, USA) and diluted in carb-
oxymethyl cellulose (CMC); 0.5gm/100ml.
given both orally or I.P in a dose of 100 mg/
kg/day for 5 days (Xu and Li, 2018). PYR
were purchased (Sigma- Aldrich) and dilut-
ed in CMC as 0.5gm/100 ml, and given oral-
ly, in combination as 12.5 or 250 mg/kg/day,
respectively for 5 days. Treatment started on
the infection day up to 5 days (El Kowrany
etal,2019).

Experiment: 112 mice were divided into
seven groups of 16 mice each: G1: Normal
non infected (control negative), G2: Infected
non treated control (control positive), G3:
PYR/SDZ treated (drug control), G4: FIS
oral-treated (oral-FIS), G5: Combined oral-
treated with both FIS+ PYR, G6: FIS 1.P-
treated and G7: Combined L.P. FIS with oral
PYR (L.P-FIS+ oral PYR). Ten mice were
left for survival rate estimation and six were
sacrificed on 5" day post infection (dpi).
Parasitological studies: Survival rate (SR)

was calculated due to following equation:
SR = Number of live mice at scarification time
Number of mice experimented with.

The SR was calculated in the experimental
subgroups in comparison to corresponding
controls at the time of sacrifice (El-Zawawy,
2008). Tachyzoites count was determined
after mice scarification a small piece of liver




was cut, dried on filter paper, and used to do
impression smears. Tachyzoites were count-
ed in Giemsa stained impression smears by
oil immersion lens; ten fields/mouse (Al Da-
khil and Morsy, 1996).

Biochemical studies: Liver tissues were
rinsed with cold saline, dried, and weighed
then homogenized in 4 volumes of 50ml
PBS (pH 7.2) followed by centrifugation at
12,000xg for 15 min at 4°C. The supernat-
ants were frozen at -80°C until the analysis
time. Liver protein content was determined
(Lowery et al, 1951). Colorimetric assay of
inducible nitric oxide synthase (iNOS) activ-
ity was measured (Ryoyama et al, 1993). Its
activity was represented as U/mg protein.
Liver tissue myeloperoxidase (MPO) enzy-
me activity was assayed (Xia and Zweier,
1997) using O-dianisidine and H,0O,, change
in absorbance was measured spectrophoto-
metrically at the 460nm. Malondialdehyde
(MDA) level was assayed using purchased
kits (Biodiagnostic, Giza, Egypt). Interleu-
kin-1beta (IL-1B) & COX-2 levels in liver
tissue were assayed using purchased ELISA
kits (Abcam, Cambridge, UK, Catalog Nos:
ab210574 & ab100704, respectively). Liver
tissue IL-10, IL-12 was assayed using pur-
chased ELISA kits (Ra-ybiotech. Inc.,
Parkway, USA, Catalog Nos: ELM-IL10 &
ELM-IL12P40P70, respectively). On scarifi-
cation day, blood samples were collected,
sera separate by centrifugation and frozen at
-80° C for liver enzymes analysis.

The liver AST and ALT were determined
using purchased diagnostics kits (Elitech,
Paris, France). Serum C reactive protein
(CRP) level was assayed using purchased
ELISA kits (R & D Systems Shanghai, Chi-
na, Catalog No: MCRP00). All ELISA tech-
niques were done according to the manufac-
turer’s protocol and read on a microplate
reader (Stat Fax®2100, Fisher Bioblock Sci-
entific, France) at 450nm with a correction
wave length set at 570nm.

Ethical consideration: This research was
conducted in accordance with the guidelines
of the Ethical Committee of Medical Resea-
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rch, Faculty of Medicine, Alexandria Unive-
rsity, Egypt (approval code:0304515). All
chemicals and solvents used were of high
analytical value.

Statistical analysis: Data was fed to the
computer and analyzed using SPSS software
package version 20.0. ANOVA was used for
comparing the studied groups followed by
Post Hoc test (Tukey) for pairwise compari-
son. Kaplan-Meier survival curve was used
for the significant relationship with overall
survival. Significance was judged at 5% lev-
el (Kotz et al, 2000).

Results

Survival rate: On the 9" dpi, all infected
control mice died, while 60% of PYR/SDZ
mice survived. FIS enhanced the survival
rate of mice when administered I.P as com-
pared to the infected control group ones
(30%) when used alone and (60%) when
combined with PYR on the 9" dpi. Oral FIS
alone failed to prolong mice survival beyond
6" dpi (Fig. 1).

Tachyzoites count: Mean count in liver im-
pression smears of infected control group
was 7.0£2.61 (Fig. 2). But, PYR/SDZ signif-
icantly reduced tachyzoites count with a
mean of 0.67+0.82 (P <0.001). Least tachyz-
oites count was in mice received combina-
tion of PYR & LP-FIS with a mean of
0.50+0.84 (P <0.001). L.P-FIS alone signifi-
cantly reduced tachyzoites count with a me-
an of 3.17£1.94 (P < 0.001). Oral- FIS gave
no significance tachyzoites reduction as co-
mpared with infected control mice.

Oxidative stress biomarkers: The levels of
INOS, MPO, and MDA in liver tissues sho-
wed a reduction in all treated groups as com-
pared to the infected control mice. Marked
reduction was in mice treated with orally
FIS+PYR and [.P-FIS+PYR with significant
differences, particularly the FIS+PYR treated
ones (Tab. 2).

Inflammatory cytokines: Significant eleva-
tion of IL-12 & IL-1P in liver tissues was in
the infected control group (compared to the
normal control group. Levels of I[L-12 & IL-
1B in all treated groups showed a significant



reduction as compared to the infected con-
trol mice. High significant reduction was in
mice treated with oral-FIS+PYR & [.P-FIS+
PYR. COX-2 levels significant increase in
the infected untreated mice as compared to
normal ones. FIS alone or combined with
PYR showed significant reduction (Tab. 3).
Anti-inflammatory cytokine; IL-10, show-
ed a significant decrease level in liver tissues
of infected control mice as compared to
normal control ones. Also, there was signifi-
cant (P <0.001) increase of IL-10 levels in
all treated mice as compared to infected con-
trol mice, especially in combined treatment

(oral-FIS+PYR & LP-FIS+PYR) as comp-
ared the infected untreated mice (Tab. 3).
Liver enzymes: ALT & AST showed sig-
nificant increase in infected non treated mice
as compared to normal controls (P < 0.001).
FIS- treated groups (oral or L.P) showed a
significant decrease as compared to PYR/
SDZ treated mice especially in mice recei-
ved I.P FIS and PYR (Tab. 4). Serum CRP
showed a significant increase in infected un-
treated mice as compared to all treated ones
that showed a significant decrease especially
in mice received I.P FIS and PYR (Tab. 4).

Table 1: Comparison between groups as to tachyzoites count (n=6)

F. test Post Hock test

Group | Tachyzoite count
G2 7+2.6

G3 0.67+0.82°

G4 6.7b+2.9°

G5 0.7+0.8%

G6 3.2+1.9%

G7 0.5+0.8"

173917 0.001"

P-value: a=significant with G2, b= signifi-
cant with G3, c= significant with G4,

d=significant with G5, e=significant with
Go6. *Significant at p <0.05

Table 2: Comparison between different groups according to oxidative stress parameters (n=6)

Group | iNOS activity (U/mg protein) MDA level nmol/mg protein | MPO activity, U /mg protein
Gl 274+6 12+0.2 1.7+0.3

G2 773+53° 48+09° 7+0.9°

G3 542+27% 3.7£04% 62+08%

G4 741+45% 49+02% 62+04%

G5 51.8+2.5% 2.6+0.5%d 49+0.2 %

G6 574 +2 3+ 0.4 43 +0.3 ™

G7 56.4 +7.8% 1.9 + 0.2 cdef 2.9 +(.3 cdef

F 57.932% 45.796* 71.627*

p 0.001* 0.001* 0.001*

P-value: a= significant with G1, b= signif-
icant with G2, c=significant with G3, d=sig-

nificant with G4, e=significant with G5, f=
significant with G6.*Significant at p <0.05

Table 3: Comparison between different groups as to pro-inflammatory and anti-inflammatory mediators in liver tissues (n=6)

Group IL-12 level, pg/ mg IL-1B level, COX-2 level, IL-10 level,
protein pg/ mg protein ng/ mg protein pg/ mg protein
Gl 62.6£5.6 56.6+5.6 3.8+0.7 111.6+8.6
G2 165.7+12.1° 162.5+30.9° 88+06° 603+7.7°
G3 923+£227%® 889+14% 6.9+0.6% 70+59 ™
G4 129.7 £26.9 152.7 £25.4% 73+08% 605+13%
G5 87 +3.4 % 82.3+2.4" 5.9+0.2 %9 80 + 3.8
G6 91.1+4.1% 111.8 +43.9 % 6.6+0.6% 68.9 + 1.9 2%
G7 794 +1.5% 68 + 5.4 5.4+ (.4 ¥4 93 5+ 3 abedel
F 45.656* 16.414 35.546* 63.506*
p 0.001* 0.001* 0.001* 0.001*

P value: a= significant with G1, b= signifi-
cant with G2, c=significant with G3, d= sig-
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nificant with G4, e= significant with G5, f=
significant with G6. *Significant at p < 0.05.



Table 4: Comparison between groups as to serum liver enzymes and serum CRP (n=6)

Group ALT activity (IU/L) AST (IU/L) CRP ng/mL
Gl 268 £2.1 275+2 12+0.3
G2 89.9 +4.7° 101.3+3.1° 4+0.6°

G3 74 +8.7% 89.5 +1.5% 3.1+£03%
G4 65.3 +4.5%° 83.8 + 2% 3+0.4%

G5 61+2.6™ 80.8 +1.4™ 2.2 +0.3%d
G6 66.5 + 1.7%° 77.2 +7.3%¢ 2.7 +0.6™
G7 414 +1.8%%" 51.6 + 4,270 1.8 + 0.4
F 112.50* 239.252" 23.191*

P 0.001" 0.001* 0.001*

P value: a= significant with G1, b= signifi-
cant with G2, c=significant with G3, d= sig-
Discussion

Flavonoids are unique phytocompounds
that can be considered promising natural ca-
ndidates for safe drug manufacture (Merken
and Beecher, 2000). FIS flavonoid com-
pound gave promising results against Plas-
modium falciparum and Leishmania major
(Manjolinet al, 2013). Combined therapeu-
tic compounds decreased toxicity and re-
sistance of traditionally known drugs (Mes-
quita et al, 2014).

In the present study, FIS extended the life
of the T. gondii infected mice in groups G4
and G6. Moreover, it significantly reduced
the mean tachyzoites count in liver impres-
sion smears. Manjolin et al. (2013) referred
the anti-parasitic effect of flavonoid com-
pounds to their inhibition of arginase en-
zyme (ARG-L). The ARG-L hydrolyses I-
arginine into l-ornithine and urea as the first
step of polyamines biosynthesis (Colotti and
Ilari, 2011). Polyamines are valuable targets
for antiparasitic chemotherapy because they
play an important role in the proliferation,
differentiation and synthesis of macromole-
cules, and in the antioxidant pathways of
intracellular parasites as Leishmania species
(Birkholtz et al, 2011). The FIS is a potent
ARG-L inhibitor with extremely higher po-
tency than other flavonoid compounds such
as quercetin and luteolin, respectively. Com-
paring the structures of these flavonoids re-
vealed that the hydroxyl group at position 3
contributed significantly to its effect as an
arginase inhibitor. L-arginine is one of the
most versatile amino acids that is found in
all tissues and microorganisms and used as a

nificant with G4, e:= significant with G5, f=
significant with G6. *Significant at p < 0.05.
precursor for protein synthesis (Manjolin et
al, 2013).

Another proved mechanistic potential of
FIS is that it promotes apoptosis mediated
by inhibition of topoisomerase II, a crucial
enzyme for DNA replication and translation
resulting in kinetoplast DNA cleavage in 7.
gondii (Garcia-Estrada et al, 2010). Other
studies attributed its antimicrobial effect to
inhibition of tyrosine, calcium-dependent
protein kinases, mitochondrial functions,
and fatty acid type Il synthesis (Chiang ef al,
2015). Hence, the current treatment with FIS
has the potential to disrupt these essential
enzymes in 7. gondii, which are key to para-
site survival, invasion, gliding motility, pro-
liferation, egress, and post-egress modifica-
tion. When these actions are added to the
inhibition of folate biosynthesis pathways
targeted by PYR, the significant effective-
ness of combined treatment can be easily
justified (Abugri and Witola, 2020).

Many studies have indicated that the liver
is severely affected during acute toxoplas-
mosis as manifested by hepatic pathologies,
such as hepatomegaly, hepatitis and granu-
loma (Weitberg et al, 1979). Furthermore,
necrosis, cholestatic jaundice, cirrhosis with
subsequent hepatocyte destruction, and sho-
oting of liver enzymes also occur (Mordue e?
al, 2001).

In the present study, after FIS treatment,
the liver cell damage degree was markedly
diminished as manifested by the strong re-
duction of ALT & AST to normal level. This
agreed with Pu et al. (2017) in China who
reported that the FIS alleviated the hepato-
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cyte injury and reduced transaminase activi-
ties. In the present study, the hepato-protect-
ive effect mediated by FIS (alone or in com-
bination) was thought to be not only due to
parasite dampening, but also to the well exp-
ected antioxidant and anti-inflammatory ef-
fects of FIS, which agreed with Pal et al.
(2016).

In the current study, [.LP administration of
FIS reported significant amelioration com-
pared to oral form. This could be explained
by its low oral bioavailability (Mehta et al,
2018). Regarding combined FIS treatment
with PYR in the present experiment, mice
which received both drugs (G5 and G7)
showed better amelioration when compared
with other treated groups. It is noteworthy to
mention that this combination has the bene-
fit of parasite killing, by the antifolate effect
of PYR as well as liver protection by FIS.
Oxidative stress biomarkers in 7. gondii
experimentally infected mice in the current
work expressed marked reduction of their
levels in liver tissues in all FIS treated mice
denoting its powerful antioxidant effect.
During infection, 7. gondii stimulates Type-
1 immune response which stimulates macro-
phages and iNOS expression with subse-
quent increase in the NO levels which di-
rectly destroys the parasite but with a very
harmful effect on the hepatocytes as well
(Naeem et al, 2018). Meanwhile, Woods e?
al. (2013) reported that mice lacking iNOS
can survive and control infection by inter-
feron gamma (IFN-y) derived mechanisms.
However, mice died during chronic infection
due to increased proliferation of tachyzoites
in the brain, suggesting that iNOS was pro-
tective in the brain.

Measurement of MDA was the indicator of
lipid peroxidation that occurs when parasites
cause injury to the tissues of the host. The
study results regarding the levels of MDA
and MPO in liver tissues showed a reduction
of their levels in all FIS treated groups when
compared with the infected control group.
This can be explained by the fact that the
antioxidant effects of FIS, as a flavone, may
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be structure-related where FIS showed the
marked free radical scavenging activities
against the various reactive oxygen species.
This agreed with Manjolin et al. (2013) who
recorded antioxidant effects of flavonoids in
amebiasis, as well as Sahu et al. (2014) who
proved the antioxidant effect of FIS in ne-
phrotoxicity. Besides, Dincel et al. (2016)
reported that the suppressed oxidative stress
by the FIS proved to prevent the activation
of hepatic apoptotic signaling consequently
protecting the liver cells.

Measurement of the inflammatory media-
tors showed their significant reduction after
treatment with FIS (G4 and G6). According
to Li et al. (2018), Toxoplasma exosomes
can be transmitted from one cell to another
without the need for tachyzoites to invade
the cell. Exosomes can stimulate the secre-
tion of various cytokines and modulate host
immune response that favors the parasite
survival. IL-12 is one of these cytokines that
is produced after infection in large amounts.
This finding directs the thoughts regarding
these cytokines in that they are not usually
beneficial to the host, and their overproduc-
tion is nothing but a plan of action from the
parasite itself allowing it to manage its
weapons. Therefore, the significant decrease
of IL-12 and IL-1p levels after treatment
with FIS in this study would pave the way
for novel modalities regarding the immuno-
mechanistic potentials in the toxoplasmosis
treatment. This outcome suggestion agreed
with both Maher et al. (2011) and Farsad-
Naeimi et al. (2018) reported that the FIS
proved to be the potent anti-inflammatory
agent through down-regulation of different
genes involved in inflammatory response
including nuclear factor kB (NF-kB) and its
downstream signaling cascade. With the FIS
treatment, levels of IL-1p and IL-12 decre-
ased significantly despite their well-known
role in innate and adaptive immune respons-
es against toxoplasmosis. This finding drew
the attention and supported the assumption
that FIS can help as an adjunctive treatment
with PYR for its hepatoprotective as well as



its anti-inflammatory role in addition to its
direct antiparasitic effect.

The results of Pereira er al. (2019) ran
hand in hand with the current findings, as
they showed that COX-2 is a modulator of
the immune response in toxoplasmosis in-
fection. The COX-2 inhibitors dampen Tox-
oplasma proliferation since inhibition of su-
ch enzyme upregulated important pro-infla-
mmatory mediators against toxoplasmosis.
Although this finding supports the benefi-
cial role of FIS, the upregulation of pro-
inflammatory mediators may contradict its
role as an anti-inflammatory flavonoid com-
pound.

In the current study, treated mice showed a
significant reduction in proinflammatory
mediators such as; CRP, COX-2, IL-12, and
IL-1p with subsequent improvement of their
deleterious effects on hepatocytes. Although
these cytokines activate important immune
cells and stimulate the production of IFN-y
to get rid of the parasite, their uncontrolled
release has an unfavorable effect on hepato-
cytes. This could be the key in the hepato-
protective effect of FIS. The IL-10 increased
significantly with FIS treatment and this is
expected because IL-10 is an anti-inflam-
matory cytokine that downregulates TH-1
cell function. It plays an immunoprotective
role and improved pregnancy outcome of 7.
gondii-infected mice (Zhang et al, 2012).
Also, Chamcheu et al. (2019) reported that
FIS upregulated IL-10 with its pleiotropic
effects including anti-inflammatory activi-
ties that were found in various models.

Conclusion

The outcome data reported the hepatopro-
tective impact of FIS on acute virulent toxo-
plasmosis in mice as one of the promising
flavonoids. FIS exerted excellent role in the
protection of hepatocytes by its anti-inflam-
matory, antioxidant and anti-parasitic poten-
tials. This explains the best outcomes achie-
ved with combination treatment in which the
FIS shared PYR in parasite killing. The cur-
rent results pave the way for more research
to encourage FIS use in combination with
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PYR in toxoplasmosis treatment.
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Explanation of figures

Fig. 1: Kaplan Meier curve showed survival rate of mice in different groups. Cum. survival: cumulative survival, OS time: overall survival
time. II: G2, III: G3, IV: G4, V: G5, VI: G6, VIL: G7.

Fig. 2: Liver impression smears stained with Giemsa from 7. gondii infected untreated G2 showed A) Condensed tachyzoites (black arrow)
(x 1000). B) Free tachyzoites (black arrows) and pseudocysts (white arrows) (x 1000).
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