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Efficacy of Citrus reticulata and Mirazid in treatment of
Schistosoma mansoni

Manal A Hamed/™, Mona H Hetta*

Departments of Medicinal Chemistry * Chemistry of Natural Compounds, National Research Centre, Dokki, Cairo, Egypt

Thiswork has been carried out to investigate the effect of Schistosomamansoni infection on mice livers after
treatment with the ethanolic extract of Citrus reticulata root or the oleo-resin extract from Myrrh of Commiphora
molmol tree (Mirazid), asa new antishistosomal drug. Marker enzymes for different cell organelleswere measured,;
succinate dehydrogenase (SDH); lactate dehydrogenase (LDH) and its isoenzymes; glucose-6-phosphatase (G-6-
Pase); acid phosphatase (AP) and 5'- nucleotidase. Liver function enzymes; aspartate aminotransferase (AST);
alanine aminotransferase (ALT), and alkaline phosphatase (ALP) were also estimated. Parasitological studies
through ova count and worm burden will also be taken into consideration. The results showed a marked reduction
in SDH, LDH, AST, and ALT enzyme activities and a significant increase in G-6-Pase, AP, 5'- nucleotidase, and ALP
after S. mansoni infection. A noticeable alteration in LDH subunits were al so noticed. Treatment with C. reticulata or
Mirazid improved all the previous enzyme activities with a noticeable reduction in ova count and worm burden.
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Schistosomiasis, a chronic and debilitating parasitic
disease, affects approximately 200 million people in the
developing world and imposes a substantial public health
and economic impact, despite the continuous control ef-
forts (Wang et al. 2004).

Current control of the disease by chemotherapeutic
agentsisimpractical because of the common occurrence
of re-infection after treatment due to the relative resis-
tance of the larval stages of Schistosoma mansoni to
schistosomicidedrugs (Silvaet al. 2003). Praziquantel, the
currently used drug for chemotherapeutic control, was
reported to induce hemorrhage in the lung tissue of the
host (Flisser & McLaren 1989) aswell asabdominal pain
and diarrhea (Kabatereine et al. 2003). The new trends
nowadaysisthe use of natural plant extracts as new safe
and effective drugs.

In this study, Citrusreticulata root extract and Myrrh
from Commiphora molmol tree (Mirazid) are evaluated
for their antischistosomal activity. Extract of C. reticulata
roots has been reported as anticancer (Manthey & Guthrie
2002), antibacterial (Tkachenko et al. 1999) aswell asanti-
oxidantsactivity (Haraet al. 2004). |n addition, Withman
et al. (2005) recorded the ability of citrus fruit-derived
flavonoids to reduced plasma cholesterol concentration.
M oreover, commiphoraextract hasbeen reported asanew
safe and effective drug against S. mansoni and S.
heamatobium (Abo-Madyan et al. 2004).

The present study isatrial to clarify the antischisto-
somal effect of C. reticulata root extract compared to
commiphoraextract (Mirazid). Enzymemarkersfor differ-
ent cell organelles were measured in liver of S. mansoni
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infected mice; succinate dehydrogenase (SDH) for mito-
chondria; lactate dehydrogenase (LDH), and its isoen-
zymesfor cytoplasm; glucose-6-phosphatase (G-6-Pase)
for microsomes; acid phosphatase (AP) for lysosomes
and 5'- nucleotidase for plasmamembrane. Liver function
enzymes, aspartate aminotransferase (AST); alanine ami-
notransferase (ALT) and akaline phosphatase (ALP) were
also measured. Parasitological studiesthrough ovacount
and worm burden will take into consideration.

MATERIALS AND METHODS

Chemicals - All chemicals used in the present study
were of high analytical grade, products of Sigma (US),
Merck (Germany), BDH (England).

Mirazid (the oleo-resin extract from Myrrh of C.
molmol tree, family: Burseraceage) is aproduct of Pharco
Pharmaceutical Company, Egypt.

Animals - The animals used were intact male Swiss
abino mice of CDI strain of similar age (8 weeks) and
weight (18-20 g). They were obtained from Theodor Bilharz
Research Institute, Cairo, Egypt. Animalswere kept in a
controlled environment and were maintained on water and
stock commercial pellet diet ad libitum.

Plant material - C. reticulata (Family: Rutaceae) roots
were collected from Modereyet El Tahrir, Behera, Egypt. It
was authenticated by Dr Mohamed Abdel Ghaffar, Fac-
ulty of Agriculture, Al- Azhar University, Egypt. A voucher
specimenisdeposited at Chemistry of Natural Compounds
Dept., National Research Center, Dokki, Cairo, Egypt.

Extraction and isolation - Air dried powered roots of
C. reticulata (0.85 kg) were extracted with 80% ethyl a co-
hol. The ethanolic extract was evaporated and the ague-
ous residue extracted sequentially thrice with equal vol-
umes of n-hexane, ether, ethyl acetate, and n-butanol. The
ethyl acetate extract wasevaporated to dryness. Theresi-
due monitored by TL C using precoated silicagel 60 F254
aluminium sheets (0.2 mm thickness, Merk), wasfound to
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contain flavonoids. The phenolic residue was subjected
to biochemical determinations.

Doses and route of administration - Oral dose of 10
pg/mi/mice of the phenolic extract of C. reticulata root
was given daily for three consecutive weeks which the
more effective dose asdescribed by (Nogataet al. 2001).

Oral dose of Mirazid (600 mg/kg body weight) was
given for three consecutive days on empty stomach, at
least 1 h before meal regarding to the concentration of
Mirazid illustrated in the brochure of the drug (Haridy et
al. 2003).

Experimental design - The animalswere divided into
six groups each of eight mice. Group 1: normal healthy
control. Group 2: received C. reticulata extract daily for
three weeks, left one week and sacrificed. Group 3: re-
ceived Mirazid daily for three days, left for 27 days and
sacrificed. Group 4: S. mansoni infected mice with 100
cercariae of Egyptian strain with tail immersion technique
(Oliver & Stirewalt 1952) and sacrificed after two months.
Group 5: received C. reticulata extract daily for three
weeks post two months of S. mansoni infection. Miceleft
for one week after treatment and sacrificed. Group 6: re-
ceived Mirazid daily for three days after two months of S.
mansoni infection. Animals left for 27 days after treat-
ment and sacrificed.

Preparation of tissue homogenates - Liver tissuewas
homogenized in 0.9N NaCl by aratio 1:10 w/v for estima-
tion of all enzymes under investigation, while it was ho-
mogenized in 0.01M tris-glycinebuffer by aratio 1:10 wiv
for estimation of LDH isoenzymes, where 100 g protein
was applied to each gel.

Parameter assays- Enzyme activitieswere evaluated
using end point assay method. SHD: the reduction of FAD
iscoupled with areduction of tetrazolium salt asINT, the
produced formazan of INT ismeasured colorimetrically at
490 nm (Shelton & Rice 1957). LDH: thereduction of NAD
coupled with the reduction of tetrazolium salt with PMS
serving as an intermediate election carrier, the resulted
formazan of INT was measured colorimetrically at 503 nm
(Babson & Babson 1973). LDH isoenzymes (Dietz &
Lubrano 1967). Thethree enzymes, G-6-Pase, AP, and 5'-
nucleotidase were measured colorimetrically at 660 nm
through measuring the inorganic phosphorus release
(Swanson 1955, Wattiaux & De Duve 1956, Bodansky &
Schwartz 1963, respectively). AST and ALT wereestimated
through measuring oxal oacetate and pyruvate produced
respectively (Reitman & Frankel 1957). ALPwere mea-
sured as a liberated phenol in the presence of amino-4-
antipyrine and sod-arsenate as a blocking agent and po-
tassium ferricyanide as a color reagent. The developed
color measured at 510 nm (Kind & King 1954). Total pro-
tein was estimated by the method of Bradford (1976) us-
ing Coomassie Blue Dye in the present of bovine serum
albumin. The devel oped color was measured at 595 nm.

Worm counting - Worms were recovered by liver per-
fusion as described by Smithers and Terry (1965). The
percent of reduction in worm number after challenge was
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calculated by the method of Tendler et a. (1986) as fol-
lows:

P=C-V/Cx100

where P = % of protection, C = mean number of parasite
recovered from infected animalsand V = mean number of
parasite recovered from treated animals.

Ova count - The number of ova/g tissue was counted
by the method of Cheever and Anderson (1971), where

Number of ova _ Number of ovain5ml KOH

inlgofliver ~ Weight of liver in grams recorded
before digestion in KOH

Satistical analysis - Data in the present study are
presented as mean = S.D. Statistical significance values
were determined by one way analysis of variance
(ANOVA) accompanied by post-hoc (SPSS Computer Pro-
gram).

RESULTS

Table | illustrates significant reduction of SDH and
LDH, while significant increasein G-6- Pase, AP, and 5'-
nuclectidase enzyme activities of S mansoni infected mice.
Infected treated mice recorded amelioration levels after
treatment with C. reticulata and Mirazid amounting 16.27
and 23.25% for SDH, 8.40and 15.29% for LDH, 56.15, and
60.91% for G-6- Pase, 12.82 and 17.94% for AP, 10.91 and
14.54% for 5'-nucleotidase, respectively. Normal healthy
control mice received C. reticulata and Mirazid showed
insignificant changes.

Table Il and the Figure show significant variation in
LDH subunitsin S. mansoni infected mice. Treatment of
infected micewith C. reticulata and Mirazid recorded im-
provement in LDH, and LDHg, the subunits responsible
for liver inflammation, by 74.10 and 75.02% for LDH, and
14.66 and 14.84% for LDH, respectively. Insignificant
changes were recorded in LDH, and LDH; after treat-
ment of healthy normal micewith both plant extracts.

Table 111 demonstrates significant reduction in AST
andALT, whileasignificant increasein ALPwasrecorded
after bilharzial infection. S. mansoni infected micetreated
with C. reticulata and Mirazid show enhancement levels
amounting 25.93 and 29.56% for AST, 27.28, 38.98% for
ALT, and 20.16, 29.83% for ALP, respectively. Healthy
control mice administered with both extractsrecorded in-
significant change.

Electophoretic separation pattern of lactata dehydrogenase isoen-
zymes in mice liver. 1. hearth (standard); 2: control liver; 3: con-
trol treated with Citrus reticulata extract; 4: control treated with
Mirazid; 5: infected; 6: infected treated with C. reticulata extract;
7: infected with Mirazid.
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TABLE Il
Effect of Citrusreticulata and Mirazid on liver function enzymesin mice

Infected+
Mirazid

Infected +

C.reticulata

Control +

Control+
C.reticulata

ANOVA

Improvement percent

C.reticulata

Infected

Mirazid
(3

3940+ 214

Control

Enzymes

Mirazid

(6)

©
38.00 + 2.68

36.50 + 2.33

4

26.11+1.98

2
38.50 + 2.62

@

Aspartate aminotransferase 40.21 + 2.66

29.56 0.0001

2593

38.98 0.0001

27.28

(1,4,5)
24.60 + 1.22

(4,5) (1,2.356) (1234,6)
1427+098 2150+ 1.13

2596+ 1.24

(4,5)
2470 £1.12

(4,5,6)
26.50 £ 1.16

Alanine aminotransferase

0.0001

29.83

(1,2356) (12346 (1,3,4,5)
6.22+0.24 5.76+ 0.23 20.16

7.18+0.21

(2,4,5,6)
4.85+0.22
(4,5, 6)

(1, 3,49

490+ 0.23

(2,4,5,6)
4.76 £ 0.22

Alkaline phosphatase

(6) (4.5

(5.6)

(4,5, 6)

(4,5, 6)
Dataaremeans* S.D. of eight micein each group; all valuesare expressed aspumol/ min/mg protein; statisticsis carried out using oneway ANOVA test and the significant difference between

groups is analyzed by Post-Hoc (SPSS Computer Program).

Table IV shows worm burden and ova count in S.
mansoni infected mice treated with C. reticulata and
Mirazid. Significant reduction in worm and ova count
amounting 63.66 and 59.45% for C. reticulata and 81.10
and 73.07% for Mirazid, respectively.

DISCUSSION

Theliver playsanimportant rolein thevital activities
of the body where its hepatocytes show differences in
the localization and concentration of some enzyme sys-
tems(Gumucio & Chiamale 1988). Many of theseenzymes
served asmarker enzymesfor different cell organellesand
any defect of themwill bereflected to the enzyme activity
itself (Van Noorden & Frederiks 1992). Hence, studying
changesin these enzymatic activities could be helpful in
evaluating the possible side effects of different treatments
on different cell organellesafter S. mansoni infection and
the improvement occurring in such enzymes after treat-
ment.

Concerning SDH enzyme activity, the present results
revealed asignificant decreasein its activity two months
postinfection. Thisisin agreement with Ismail et al. (1991).
Daugherty (1955) attributed this failure to Schistosoma
toxinswhich accumul ated with the mitochondrial fraction
and reflected on enzyme activity. SDH isthe marker en-
zymeof the mitochondria(Van Noorden & Frederiks 1992),
so any changes in the enzyme activity should be accom-
panied with changesin the mitochondria (Jones & Bogitsh
1979, El-Gowhary 1993). Thiswas confirmed by the same
authors, who noticed that mitochondria appeared swol-
len with fewer cristae and pal e matrix with the subsequent
leakage of significant amounts of their enzyme content.
An additional evidence of increased mitochondrial mem-
brane permeability was shown by theincreased rel ease of
mitochondrial enzyme ornithine carbamoy! transferaseand
isocitrate dehydrogenase into sera of human patients and
experimental animals after infection with schistosomes
(Rizk etd. 2000).

The mitochondrial changes could originate from the
relative anoxiaand irritation caused by toxic or metabolic
products of adult worm and/or eggs, hence inhibition of
mitochondria oxidation (Ahmed & Gad 1995). When lim-
iting amounts of oxygen are present, both SDH and Krebs
cycleenzyme activities are repressed (Van Hellemond &
Tielens1994).

Asconcerning LDH enzyme activity the obtained re-
sults showed a significant decrease in enzyme activity
after infection.

In agreement with the present results Awadalla et al.
(1975) and Metwally et al. (1990) mentioned that the level
of LDH wasdecreased intheliver tissueand increased in
the serum of mice infected with S. mansoni. They attrib-
uted the decrease of enzyme activity to tissue damage
caused by larvaein theinfection period, led to therelease
of enzyme from the necrotic tissue to blood stream or due
totheincreased cell anoxiaand irritation by toxic or meta-
bolic products of the worm.

LDH is one of the glycolytic enzymes and is associ-
ated mainly with the cytoplasm (De Duve et al. 1962).
Lawson and Wilson (1980) added that LDH isnot aregu-
latory factor for glycolysisbut its activity isnormally re-
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TABLE IV
Effect of Citrus reticulata and Mirazid on worm burden and ova count
Infected + Infected +
Parameters Infected C.reticulata Mirazid Reduction percent ANOVA
(@8] 2) 3) C.reticulata Mirazid

Worm burden 17.09+ 1.19 6.21+ 051 323+ 0.76 63.66 81.10 0.0001

(2:3) (1.3 (1,2
Ova count x 103 1248+ 0.70 5.06 + 1.55 336+ 0.74 59.45 73.07 0.0001

(2,3) (1.3 (1,2

Worm burden isexpressed as means+ S.D. of eight micein each group; ovacount isexpressed as(means+ S. D.) x 103 of eight mice
in each group; statisticsis carried out using oneway ANOVA test and the significant difference between groupsis analyzed by Post-

Hoc (SPSS Computer Program).

lated to the maximum rate of glycolysis. LDH inhibition
revealed the aerobic-anaerobic switch induced by the
developing parasite (Tielenset a.1994). Moreover, lower
activity in LDH isinthedirection of lactate oxidation which
could be easily correlated to the crabtree effect of schis-
tosomes (Tielens 1997) through which | actate is accumu-
lated and glycogen depleted confirming inhibition of aero-
bic respiration and stimulation of anaerobic glycolysis
through hexokinase, a rate limiting enzymes of glycoly-
sis. The decreased enzyme activity dueto theincreasein
anaerobic glycolysis may be attributed also to provision
of energy, inhibition of Kreb'scycle, decrease NAD/NADH
ratio due to inhibition of mitochondrial oxidation which
favors the conversion of pyruvate to lactate, increased
metabolic activity of infected liver tissues due to associ-
ated inflammation lesions, decreased hepatic blood flow,
decreased utilization efficiency of other energy sources
such asfat and proteins or from worms themselveswhich
depend on anaerobic glycolysis as the main source of
energy production (Ahmed & Gad 1995).

Resultsof bilharzial infection on the activity of LDH-
isoenzymes showed that L DH,, isfound to be significantly
higher when compared to control, while L DH; isoenzyme
which playsthe main rolein the anaerobic glycolysiswas
significantly reduced. Thisisinagreement with Salah et
a. (1976) who reported an increasein serum L DH-isoen-
zymein bilharzial infected patients. The reduction in the
percentage contribution of LDHg inliver may explainthe
false higher contribution of LDH, whichisconcerned with
aerobic respiration and thisis not in contrast to the mea-
sured LDH enzyme activity in lactate oxidation direction
previoudy discussed. Thisconfirmed the opinion of Varley
etal. (1980) who stated that LDH; isincreased in case of
liver disease; even the total LDH activity is still within
normal limits.

Maly and Toranelli (1993) reported that the distribu-
tion pattern of LDH activity was functionally connected
with other enzyme activities involved in gluconeogen-
esisas pyruvate derived from lactate and alanine. In both,
man and rat, morethan 98% of LDH activity isrepresented
by LDHg. This enzyme reached its maximum exactly in
periportal zone of liver acinuswhich receivesthe highest
oxygen supply. According to “anaerobic/aerobic” theory
H-monomere is supposed to be principally involved in
the oxidation of lactate and should therefore be predomi-

nant in tissues with a high oxygen supply. In contrast to
this, the M-4 isoform and other isoformsrich in M sub-
units are geared to the reduction of pyruvate and should
be predominant in tissues that are subjected to more
anaerobic conditions. This led to consider the possible
distribution pattern of LDH isoenzyme forms which are
characterized by high values of H-subunits. They added
that L DH isoenzyme shows speci es dependent difference
inthedistribution pattern wherethe cattleliver show LDH,,
LDH, and LDHg activity richin H-subunits, whilerat liver
contain LDHg only whichrichin M-subunit. They explain
this phenomenaastheisoenzymesrich in H-subunit could
represent a safety mechanismin that they protect theliver
of some speciesfrom an excessive buildup of lactatefrom
skeletal muscle under heavy working conditions.

Concerning G-Pase enzyme activity, the present re-
sults revealed significant increase after infection with S.
mansoni. Shaheen et a. (1989) and ElI-Gowhary et . (1993)
found that the enzyme activity wasincreased in S. mansoni
infected mice liver. They attributed this increase to the
proliferation and dilation of rough and smooth endoplas-
mic reticulum as evident by increase of ribosomes accom-
panied by proliferation and dilation of microsomal mem-
branes where the enzyme is usually located and consid-
ered as microsomal marker enzyme (Van Noorden &
Frederiks 1992). Also Trelaet al. (1985) attributed thein-
crease in enzyme activity to the effect that occurs on the
membrane of endoplasmic reticulum or to the elevation of
cytosolic calcium that can trigger the conversion of the
enzyme phosphorylase b (inactive form) to phosphory-
lase a (active form) which degrades glycogen into glu-
cose (Exton 1982).

Regarding AP enzyme activity, the present results
showed asignificant increasein enzyme activity after in-
fection. This elevation in AP activity may be due to in-
creased tissue catabolism resulting from increased worm
and egg toxins by infection, since all the lysosomal en-
zymes are activated in conditions characterized by in-
creased tissue catabolism led to enhancement of phago-
cytic phenomenons (Salah et a. 1976) and or dueto aber-
ration of the lysosomes, where APisthelysosomal marker
enzyme (Frederiks & Marx 1988). Thisisin accordance
with Jones and Bogitsh (1979) who found histochemi-
caly an increase in the number of mature lysosomes of
the liver cellsin mice after S. mansoni infection. These
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results confirmed those of Rodrigues (1988) who observed
an important change on thelipidic constitution of thelyso-
somal membrane of S. mansoni infected mice. These
changes are provoked by the catabolites excreted by im-
mature or adult worms of S. mansoni present in the portal
venous system, but El-Sharkawy et al. (1993) attributed
theincreasein the enzyme activity to deranged metabolic
function asaresult of liver cell injury.

Asconcerning the 5'-nucl ectidase enzyme activity, the
present results recorded a significant increase in its post
infection. Thisincreasein the 5'-nucleotidase enzyme ac-
tivity may be due to enhancement of the active transport
process through the plasmamembrane where the enzyme
appeared in accurate localization at bile canalicular and
sinusoidal plasma membrane of liver parenchymal cells
(Frederiks & Marx 1988) and/or dueto accelerated nucleic
acid metabolism where the catabolism of purineand pyri-
midine nucleotides starts with the action of 5'-nucleoti-
dase (Hardonk 1968). Also, the enzyme activity may be
increased dueto cellular injury (Michadl etal. 1979). These
resultswere confirmed by El-Aasar et . (1978) who dem-
onstrated histochemically that the sinusoids of infected
mice livers showed an increased 5'-nucl eotidase enzyme
activity.

It is concerned to study transaminases enzyme activi-
ties which showed a significant decrease after infection.
El-Aasar et al. (1989) attributed the decrease of transami-
nase enzyme activities in mice livers to the decrease in
hepatic cell population dueto liver fibrosis or due to the
release of the enzyme from the damaged livers into the
circulation asaresult of increased cell membrane perme-
ability. The observed diminution of AST was more mani-
fested than that of ALT denoting that, although the later
ismore specific for liver cells, yetitisless sensitive than
AST indetecting liver cell damage (Awadallaet al. 1975).
Moreover, the presence of considerably more AST in hu-
man hepatic tissue indicated that the released ALT istoo
diluted in the extracellular compartment to cause signifi-
cant increase in the ALT activity in S. mansoni patients.
Therefore, variationsin the release, destruction or excre-
tion of the two enzymes or an unknown metabolism aber-
ration are probably important contributory mechanisms
(Sdaheta. 1976).

In the present study, AL P enzyme activity in infected
mice showed asignificant increase. Awadallaet al. (1975)
and El-Aasar et al. (1989) observed an elevationin ALP
activity in murine liver after S, mansoni infection. They
attributed the increase in enzyme activity to theirritation
of theliver cellsby toxinsor metabolic products of grow-
ing schistosomules, adult worms and eggs or due to in-
creased loss of intracellular enzyme by diffusion through
cell membranes which appearsto act asa stimulusto the
synthesis of more enzyme protein. Higher rates of forma-
tionwould, inturn, increase therate of diffusion and hence
increase serum activity (Wilkinson 1962). Abdel-Rahman
et al. (1993) mentioned asignificant riseinliver AL Pisoen-
zyme in patients having hepatosplenic schistosomiasis.
Mansour et al. (1982) added that the elevation of ALP
enzyme activity in S. mansoni infected human is of intes-
tinal origin especially since S. mansoni isadisease which
primarily affected theintestine, whilethiselevationisnot
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of hepatic origin asit is observed in both patients of S.
mansoni and hepatosplenomegaly disease.

Hunter et al. (1973) showed by histochemical studies
anincreasein AL Pactivity in experimental infection with
schistosomiasis and in the late stage of human lesions by
liver biopsy. Mansy et a.(1990) attributed theincreasein
enzyme activity to the proliferation of bile ductules and
bile canaliculi asaresult of schistosomiasisby ultrastruc-
tural examination of theliver specimens. Thisresult con-
firmed the observation of Kaplan (1972) who suggested
that the response of the liver to any form of bilary tree
obstruction isto synthesize more ALP.

The present results recorded improvement levels of
al enzymes under investigation after treatment of S.
mansoni infected mice with C. reticulata and Mirazid.
This amelioration was confirmed by a significant reduc-
tion of worm burden and ova count after treatment with
both extracts. Our data is confirmed by the previous re-
portsindicated that Mirazid is an effective drug for treat-
ment of Fasciola hepatica, S. mansoni, and S. haema-
tobium through worm disruption, collapse of tubercles,
and reduction of worm burden aswell asreductionin ova
count in urine and stool (Haridy et al. 2003, Abo-Madyan
etal. 2004, Massoud et al. 2004). In addition, C. reticulata
contain high concentration of flavonoid, glycosides, and
polymethoxylated flavones which recorded an antioxidant
properties, acts as free radical scavenger and has anti-
inflammatory activity (Haraet al. 2004 & Ojewole2004).
Toxic substances and free radicals elaborated by worms
consume antioxidants and may affect the capacity of the
liver to detoxify or naturalize the effect of the toxic endog-
enous and exogenous compounds (Sheweita et al. 1998).
This gives an additional support that the improvement
pattern in liver enzyme after treatment with C. reticulata
resulted from its antioxidant capacity.

In conclusion, C. reticulata and Mirazid have no side
effects on normal healthy mice and succeeded to reduce
the hazardous effect of S. mansoni through improvement
of liver enzymes, reduction of worm burden, and ovacount.
Our recommendation isto increase the treatment time of
both extractsfor complete eradication of worm and ovato
preserve normal liver function parameters.
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