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A Case of Plasmodium Ovale Malaria
—Morphological Diagnostic Difficulty and Utility of Rapid Diagnostic Tests—

Akihivo HITANI, MD*, Waka OTSUKI*2, Shu TAKAYA, MD, PhD*3 -
Masako TO, MD, PhD*4 and Kosuke HARUKI, MD, *5

A 46-year-old Japanese man was referred to our travel clinic because of high fever for the past 7 days. He
worked as an engineer for a month in Zambia and returned to Japan 2 days ago. He had a high-grade fever of
40.5°C. Examination of the palpebral conjunctiva showed no evidence of anemia. Liver and spleen were
not palpable. Blood sample was collected at the time of the febrile paroxysm. Malaria parasites were de-
tected by examination of Giemsa-stained thin blood films. The dominant feature of parasite was early tro-
phozoit with a low parasitemia (0.0469%, 1,857.6/uL). The James’ stippling was absent. Schizonts and
gametocytes were scarce. As ring morphology was quite variable, identification of species might not be
possible. Identification of species is more difficult than usual, on the grounds that: 1) the blood sample con-
tains rare early trophozoites, 2)the level of parasitemia is low, and 3)it is quite possible for parasites to be
transformed due to the inappropriate treatment. Finally, the diagnosis was confirmed by nested PCR.

Examination of Giemsa-stained blood films is the “gold standard” for detection and identification of organ-
isms. However, in non-endemic countries, trained laboratory personnel are scarce and the most may be
inexperienced in malaria diagnosis. It is recommended that personnel continue to gain experience by par-
ticipating in external quality assurance schemes, and that routine laboratories utilize rapid diagnostic tests
(RDTs) concurrently. The availability of simple and accurate RDTs could aid the diagnosis in no-endemic

countries. {Case Report]
[Rinsho Byori 61 : 32~37, 2013]
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Table 1 Laboratory study at admission

WBC 3,870/uL
neutrophil 775 %
RBC 396 X 10%uL
Hb 13.5 g/dL.
Ht 37.1%

Plt 3.3%X10%uL
CRP 3.1 mg/dL
Parasite density 1,857.6/uL
Parasitemia percentage  0.0469 %
AST 29 TU/L
ALT 311U/L
y-GTP 16 IU/L
ALP 163 IU/L
LDH 3331U/L
BUN 15.2 mg/dL
Cre 1.39 mg/dL
Urinary protein 1+

Occult hematuria test Negative

H.% Table 1 IZ/R7,

B @ A7udr275mgfEs 388, 2488 1iE
& SRR IR UEERIZESNE L. b Mgk
<5 U 7 ERH 4 EER nested PCR 2 &I LI <
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I # =
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X Bk O —8d B (Fig. 2). Plasmodium
vivax (BLF, Pv &), Plasmodium ovale (LLF, Po
L&), Plasmodium malariae (LR, Pm &%) TiXiE
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The shape of the infected erythrocyte is oval.

mature micirogametocyte

Figure 1 Photomicrographs of Plasmodium ovale in this case (X 1,000)
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Figure 2 Life cycles of P. ovale and malaria paroxysms.

Within erythrocytes, merozoites develop from ring forms into trophozoites and then into schizonts over
48 hours (P. ovale) . The classic malaria paroxysm lasts several hours, can occur with a regular periodicity
coinciding with the synchronous rupture of blood schizonts.

(*This drawing is truly original and illustrated by the first author.)
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The case of a 25-year-old Japanese male who had cerebral schistosomiasis caused by Schistosoma haemato-
bium is reported here. Although serum antibody tests showed a cross-reaction with other helminths and no ova
were excreted in urine or feces, the existence of Schistosoma haematobium in the brain was confirmed by PCR
analysis.

CASE REPORT heterogeneously enhancing lesions. They were each approxi-
mately 10 mm in diameter, in the left parietal lobe, with in-
creased intensity of the signal on the T1-weighted image (Fig.
1). A lumbar puncture was not performed. The patient’s head-
ache and nausea worsened rapidly, and we were obliged to
relieve his symptoms as soon as possible. Based on the clinical
presentation and characteristic imaging finding, we clinically
concluded that the cerebral lesions were neurocysticercosis.
Albendazole (15 mg/kg of body weight per day) was adminis-
tered with dexamethasone (0.1 mg/kg per day) for a total of 8
days. The patient’s headache and nausea then subsided, and
the verbal paraphasia disappeared. The findings from an MRI

In October 2009, a 25-year-old Japanese man was admitted
to a local community hospital in Japan with a 1-week history of
mild headache and sporadic paraphasia. He had worked as an
agricultural consultant in the Republic of Malawi from April
2007 to June 2009. During his stay, he lived with local resi-
dents, consumed water from a well, and had swum in a lake at
least twice. He had been in excellent health until October 2009,
except for a Giardia lamblia infection in 2008. At the commu-
nity hospital, a computed tomography (CT) scan of the pa-
tient’s head showed four hyperdense and edematous lesions in
the left parietal lobe, and these lesions were suspected to be E : ] >
related to tropical infectious diseases due to the fact that the ~ Scan of the brain were improved but still remained.
onset of his symptoms appeared soon after his return from the One week after the initiation of treatment, the results of the
Republic of Malawi. Subsequently, the patient was referred to commercially available serum enzyme-linked immunosorbent
our institution for further workup. assay (ELISA; SRL, Tokyo, Japan), which can detect IgG

Upon presentation to our institute, the patient’s tempera- antibody for 12 helminthic diseases as a screening (22), were
ture was 36.8°C, his pulse was 60 beats per minute (bpm), and reported: Spirometra erinacei (also known as Spirometra man-
his blood pressure was 120/70 mm Hg. Although the patient ~ soni) antibody on admission was positive, whereas Taenia so-
was alert and appropriate at a glance, verbal paraphasia was ~ liwm antibody was negative. Schistosoma species are not in-

occasionally observed. Laboratory evaluation revealed the fol-  cluded in this screening ELISA. Repeated microscopic
lowing: white blood cell count, 8,780/l (67.5% neutrophils, examination of urine and stool specimens disclosed no ova or
25.0% lymphocytes, 1.5% eosinophils); serum C-reactive pro-  parasites. An enhanced CT scan from the neck to the pelvis
tein, 0.03 mg/dl; IgE, 18 U/ml; HIV antibody negative; toxo- was unremarkable, without evidence of subcutaneous nodules.
plasma IgM and IgG negative; and Entamoeba antibody neg- From these findings, cerebral sparganosis, which is due to
ative. A magnetic resonance imaging (MRI) scan of the brain Spirometra species, was strongly suspected as the cause of the
with gadolinium enhancement showed a couple of ill-defined, cerebral lesions. Cerebral sparganosis responds best to surgical

excision of the parasite, because praziquantel has limited suc-

cess or no effect on adult worms (14, 17). Eleven days after

* Corresponding author. Mailing address: Department of Infectious admission, subtotal excision of the nodules at left parietal lobe
Diseases and Applied Immunology, Research Hospital of The Institute  wag achieved by a craniotomy. No live worms or degenerative
i Senc The Wy of 100, 403 ShISKIed worms wero observed i th sugial fied. Pathologcal cxam-
3-5449-5427. E-mail: tkoibuch@ims.u-tokyo.ac.jp. ination of the specimen revealed gliosis and multiple necrotiz-

¥ Published ahead of print on 17 August 2011. ing granulomas scattered within the parenchyma of the brain,

3703



3704 CASE REPORTS

FIG. 1. Tl-weighted MRI scan with enhancement, obtained at ad-
mission, showed tumor-like lesions in the left parietal lobe with the
presence of edema.

with deposits of helminth ova in the center of these granulomas
(Fig. 2a). Granulomas had multinucleated giant cells around
these ova, which seem to have a prominent terminal spine (Fig.
2b). These morphological characteristics suggested that the
helminth ova were eggs of the Schistosoma species, particularly
S. haematobium. To identify Schistosoma species, we per-
formed serological tests in our laboratory in the Section of
Environmental Parasitology, Tokyo Medical and Dental Uni-
versity (Tokyo, Japan). The result of ELISA revealed increases
in serum IgG antibodies against the ova of S. haematobium and
Schistosoma mansoni (S. mansoni) and against the larvae of
Spirometra erinacei. The serum IgG antibodies against S.
haematobium and S. mansoni increased to a level higher than
those against S. erinacei. For the treatment for the residual
lesion, oral praziquantel was commenced at a dose of 20 mg/kg
twice a day for a total of 3 days. An MRI scan of the brain with
gadolinium enhancement 3 months after the excision and the

A
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500bp

S.mansoni specific S.haematobium specific

FIG. 3. PCR assay for Schistosoma haematobium and S. mansoni.
M, marker; lanes 1 and 5, S. mansoni DNA; lanes 2 and 6, S. haema-
tobium DNA,; lanes 3 and 7, patient DNA; lanes 4 and 8, no DNA;
lanes 1 to 4, S. mansoni-specific 121-bp tandem repeat sequence; lanes
5 to 8, S. haematobium-specific Dral sequence.

-chemotherapy showed a significant reduction in the high signal

change. The patient remained in stable condition without clin-
ical complications 4 months after completion of the therapy.

In order to make the definitive diagnosis, the brain specimen
was tested by PCR assays. DNA extraction from a paraffin-
embedded section of the brain specimen was carried out by
using a PCR template preparation kit (TaKaRa DEXPAT
Easy; TaKaRa, Shiga, Japan). DNA was amplified with two
PCR assays utilizing distinct primer pairs. The first primer
targeted to the 97-bp repeated DNA sequence, Dral, which is
specific to S. haematobium (10). The second primer targeted to
the 121-bp tandem repeated DNA sequence, which is specific
to S. mansoni (11, 25). These specific DNA sequences are not
contained in the DNA of S. japonicum. As shown in Fig. 3, the
PCR amplification using the brain specimen showed an intense
band of §. haematobium DNA,; however, there was no band
specific to S. mansoni DNA. Therefore, we finally diagnosed
the patient’s cerebral lesions as cerebral schistosomiasis due to
S. haematobium.

Diagnosis of a focal lesion in the brain of patients with a

=l

e #.5T%

FIG. 2. (a) Photomicrograph showing nodular granulomas within the parenchyma of the brain containing deposits of S. haematobium ova in
the center of the granulomas (hematoxylin-eosin stained; magnification, X100). (b) Ova of S. haematobium with a characteristic prominent

terminal spine (hematoxylin-eosin stained; magnification, X400).
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recent history of a stay in sub-Saharan Africa is usually chal-
lenging. Since there were no systemic findings characteristic of
a specific tropical disease in this patient, we were obliged to
rely on epidemiologic and brain MRI features to establish the
provisional diagnosis. The patient’s final diagnosis was made
by PCR assay using a brain specimen from the surgical exci-
sion. Although the prevalence of central nervous system (CNS)
invasion in schistosomal infection has been considered to be low
(20), CNS involvement in S. haematobium infection may be un-
derdiagnosed. An autopsy study in Africa showed that over half of
patients infected with S. haematobium in the bladder had brain
lesions (8). Another pathological study in Africa has found scat-
tered ova of S. haematobium or S. mansoni in the brain at autopsy
in over a quarter of 150 unselected cadavers (1).

Among 22 previous cases of cerebral schistosomiasis due to
S. haematobium, 7 cases were diagnosed by ovum excretion in
urine or feces (15, 23), and 15 cases were diagnosed by immu-
nological testing (18). However, the detailed mechanism of egg
deposition in the brain remains unknown. The presence of egg
deposits may reflect either an aberrant migration of worms or
the embolization of eggs from a remote location (19, 27). In
this case, no worms were detected in the brain specimen, and
portal hypertension or liver cirrhosis, which could increase the
possibility of worm migration to the CNS (26), was not ob-
served. These findings suggest that cerebral schistosomiasis in
this case was caused by translocated eggs from a remote loca-
tion rather than by eggs from ectopically parasitizing adult
worms in the brain.

Diagnosing cerebral schistosomiasis can be difficult, since
neurological symptoms and radiological findings are nonspe-
cific. In some reported cases of neuroschistosomiasis, brain
tumors, such as meningioma and glioma, had been suspected
initially (2, 13, 23). Moreover, as in the present case, patients
with cerebral schistosomiasis may have no clinical evidence of
systemic disease (21, 28). The presence of parasite ova in the
urine and/or stool can be detected in only 40 to 50% of neu-
roschistosomiasis patients (7). Antibody-based assays are quite
sensitive but cannot distinguish a history of exposure from
acute infection; they can also cross-react with other helminths
(3, 9), such as T. solium (12). In our patient, the elevated IgG
antibody of Spirometra erinacei screened by the commercial
ELISA led to a presumptive diagnosis of cerebral sparganosis,
which in radiological findings mimics cerebral schistosomiasis.
The further ELISA performed after histopathological analysis
of the brain specimen revealed that IgG antibody titers of S.
haematobium, S. mansoni, and Spirometra erinacei were in-
creased. An elaborate examination to screen the infectious
focus outside the brain could not detect any abnormality. We
then tried to detect the parasite DNA directly from the brain
specimen and successfully amplified S. haematobium DNA by
PCR assay (Fig. 3). These results strongly suggest that PCR
assays are helpful means of confirming the results of serum
ELISAs for schistosomiasis. Identification and differentiation
of human schistosomiasis by PCR in the laboratory setting (16)
and in clinical specimens (24, 26) have been reported.

Praziquantel, a pyrazinoisoquinoline derivative, is the main-
stay of the treatment for human schistosomiasis. While the
standard regimen for chronic systemic schistosomiasis is 40 to
60 mg/kg of praziquantel in divided doses for 1 day, as de-
scribed in the Centers for Disease Control and Prevention
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database (http://www.cdc.gov/parasites/schistosomiasis/health
_professionals/index.html), the length of the treatment for ce-
rebral schistosomiasis has not been clearly established (4). To
reduce the severity of the inflammatory reaction in the brain
parenchyma, corticosteroids are commonly used for CNS in-
vasion. Repeated courses of praziquantel and corticosteroids
may be required to reduce neurological symptoms in a severe
case (13). Our patient responded well to 40 mg/kg of praziqu-
antel in two divided doses for a total of 3 days after surgical
excision of the nodules (5, 6).

In conclusion, we report the first case of cerebral schistoso-
miasis due to S. iaematobium that was diagnosed by molecular
methods. We successfully treated the patient with surgical ex-
cision and oral praziquantel. PCR assay is a promising method
for definitive diagnosis and species identification of cerebral
schistosomiasis when Schistosoma ova in urine and/or stool are
absent.

We are grateful to Nobuaki Akao for support of the diagnosis, and
Yukari Horie, Naoki Oyaizu, and Haruo Onoda for their excellent
technical assistance. We thank Kei Ouchi for his comments on drafts
of the manuscript.
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Abstract Conflicting reports are found in the literature
about the antischistosomal efficacy of Mirazid (MZ), which
is a special formulation of myrrh obtained from the stem of
the plant Commiphora molmol. This initiated the present
study to assess this drug for the first time in experimental
schistosomiasis japonicum. Mice were divided into four
groups: infected untreated control (I); infected treated with
MZ, 500 mg/kg (II); infected treated with MZ, 250 mg/kg
(1ID); and infected treated with praziquantel (PZQ), 200 mg/
kg (IV). The drugs were given 7 weeks post-infection for
five successive days. All animals were killed 3 weeks post-
treatment. Results showed no signs of antibilharzial activity
of MZ. Total worms, total tissue egg load, egg developmen-
tal stages, and granuloma area were not affected by any of
the MZ treatment regimens as compared to the infected
untreated group (P>0.05 for all variables). These results
were in contrast to those obtained in PZQ-treated animals
in which 82.82 % total worm reduction, 94.62 % egg re-
duction, and 86.35 % granuloma area reduction were ob-
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served. Also, it significantly increased the percentage of
dead ova and decreased the percentage of mature ova with
complete absence of immature ones in comparison with the
control group (P<0.01 for all variables). In conclusion, the
results of the current study raise serious doubts about the
antischistosomal activity of MZ.

Introduction

Schistosomiasis is a chronic debilitating disease that continues
to rank, following malaria, at the second position of the world’s
parasitic diseases in terms of prevalence, morbidity, and mor-
tality rates. Currently, over 200 million people are estimated to
be infected, while close to 800 million individuals are at risk of
contracting the disease (Steinmann et al. 2006). At least
200,000 people die each year of schistosomiasis. The estimat-
ed burden of the disease is up to seven million disability-
adjusted life years (King and Dangerfield-Cha 2008).

Due to the unavailability of a vaccine that is practically
applicable to humans, the use of chemotherapy is the main-
stay of schistosomiasis-associated morbidity control
(Abdul-Ghani et al. 2009). For more than two decades,
praziquantel (PZQ) has remained as the drug of choice for
the treatment of the three common schistosome species,
Schistosoma mansoni, Schistosoma haematobium, and
Schistosoma japonicum (Doenhoff et al. 2008). Concem is
mounting in public health medical circles that heavy reli-
ance on a single drug for schistosomiasis control may pro-
mote the selection and spread of drug-resistant parasites
(Caffrey 2007). There has been evidence of resistance to
the praziquantel-based therapy and reports of acute disease
manifestation; therefore, other drugs affecting different
stages of the schistosome parasites life cycle and alternative
therapeutic regimens should be developed and become ac-
cessible (Ribeiro-dos-Santos et al. 2006). As a result, the
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need to develop altermative antischistosomal drugs has been
stressed.

Mirazid (MZ) is a new antischistosomal drug introduced
in the Egyptian market since 2001, in the form of gelatinous
capsules produced by Pharco (Alexandria, Egypt). It is
prepared from myrrh, which is an oleo-gum-resin obtained
from the stem of the plant Commiphora molmol (Greene
1993). Myrrh contains the resin myrrhin (23-40 %), the
volatile oil myrrhol (2-8 %), gum (40-60 %), and a bitter
unidentified component (Claeson et al. 1991). It is a safe,
natural flavoring substance and has been approved by the
US Food and Drug Administration (Ford et al. 1992).

Myrrh is one of the oldest known medicines and was
widely used by Ancient Egyptians (Badria et al. 2001).
Traditionally, it has been used by Sumerians and Greeks to
treat worms (Michie and Cooper 1991), by Chinese to
relieve pain and swelling due to traumatic injury (lee and
lam 1993), and by Somalians to treat stomach complaints,
diarrhea, and wounds (Claeson et al. 1991; Michie and
Cooper 1991). Tincture of myrrh is used for therapy of
aphthous ulcer, treatment of sore throat and pharyngitis
(Claeson et al. 1991), and reduction of cholesterol and
triglycerides (Michie and Cooper 1991; Jain 1994). In ex-
perimental studies, the antitumor potential of myrrh was
comparable with that of the standard cytotoxic cyclophos-
phamide (Al Harbi et al. 1994).

Many reports stated the efficacy of myrrh (Mirazid) as
anthelmintic drug (Massoud et al. 2001, 2003, 2004, 2007;
Sheir et al. 2001; Soliman et al. 2004; Al-Mathal and Fouad
2004; Haridy et al. 2004; Fathy et al. 2005) and anti-
protozoa (Baghdadi and Al-Mathal 2010). Also, it has a
molluscicide and cercaricide action (Allam et al. 2001;
Massoud and Habib 2003) and mosquito larvicide action
(Massoud and Labib 2000).

Over the last years, a debate is raised regarding the
schistosomicidal effectiveness of MZ. Most of the published
data documenting its antischistosomal activity against S.
mansoni and S. haematobium consist of papers written by
the discoverers of these properties (Badria et al. 2001; El
Baz et al. 2003; Abo-Madyan et al. 2004; Massoud et al.
2004; Sheir et al. 2001; Soliman et al. 2004; Hamed and
Hetta 2005). The mechanism of action of myrrh on the
schistosome worms, as suggested by the manufacturer, is
related to permanent loss of musculature of the worms
leading to separation of male and female couples and their
shift to the liver where destruction and phagocytosis take
place (Badria et al. 2001). Only four groups of investigators
reported low cure rates (Botros et al. 2004; Barakat et al.
2005; Ramzy et al. 2010; Osman et al. 2010).

Due to great controversy concerning the effect of myrrh
on S. mansoni and S. haematobium, the current study was
designed to assess the antischistosomal activity of MZ; in S.
Jjaponicum-infected mice in comparison with PZQ. Drug
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efficacy was evaluated on the basis of some parasitological
and pathological criteria.

Materials and methods
Animals, parasites, and infection

All animal studies presented here were approved by the
committee of animal rights and ethics, Tokyo Medical and
Dental University, Tokyo, Japan, based on the institutional
and national regulations for animal experimentation. Six-
week-old female C57BL/6 mice were obtained from Japan
SLC and used in this study. The animals were maintained on
a standard commercial pellet diet and kept in air-conditioned
animal house at 20-22 °C.

The life cycle of S. japonicum (Japanese strain) is main-
tained in our laboratory using ICR mice and Oncomelania
hupensis nosophora (Yamanashi strain). Mice were percu-
taneously infected with 40 S. japonicum cercariae/mouse
applied to the shaved abdomen.

Drugs

MZ (Pharco Pharmaceuticals Co., Alexandria, Egypt) was
tested after resuspension of the content of the resinous
capsules in 2 % Cremophore-EL (Sigma Chemical Co., St.
Louis, MO, USA). Praziquantel (PZQ; Shin Poong
Pharmaceutical Co., Ltd, Kyonggi, South Korea) was given
as a freshly prepared suspension in 2 % Cremophore-EL.

Animal groups

In the present study, mice were randomly allocated into four
groups each of seven mice:

Group I: Infected control and received the vehicle only.

Group II: Infected and treated with MZ 500 mg/kg.

Group III: Infected and treated with MZ-reduced dose
250 mg/kg.

Group 1V: Infected and treated with PZQ 200 mg/kg.

All mice were deprived of food 1 h before treatment, drugs
or vehicle were administrated orally using a ball-tipped feeding
needle in a volume of 200 pl/mouse, and they were allowed to
eat | h after treatment. The dosing protocols were given
7 weeks post-infection (p.i.) for 5 days. All animals were killed
3 weeks posttreatment. They were anesthetized using sodium
thiopental and given heparin injection.

Study of parasitological criteria

After the mice were killed, hepatic and portomesentric ves-
sels were perfused, using citrated saline. Recovered
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schistosomes from each mouse were sexed and counted
(Smithers and Terry 1965). The number of eggs per gram
of hepatic and intestinal tissues was counted (Cheever
1968). Percentage of the different egg developmental stages
(oogram pattern) was examined (Pellegrino et al. 1962).

Hepatic granuloma measurement

Liver specimens were fixed in 10 % formalin and processed
to paraffin blocks. Sections (4 um thick) were stained with
hematoxylin and eosin. The size of granulomas was mea-
sured (30/mouse) using a VM-30 video micrometer
(Olympus, Tokyo, Japan) and NIH image software
(National Institute of Health, Bethesda, USA). Average
granuloma area (square micrometer) was calculated for each
mouse.

Statistical analysis

Comparison was made between each treated group and
untreated control. The percentage of reduction between the
treated group and the untreated control group was assessed
using the formula: (mean value of the untreated group —
mean value of the treated group) x 100/mean value of the
untreated group. SPSS software version 17.0 was used for
data analysis. Descriptive statistics including the mean +
standard deviation (SD) were used. Nonparametric
Mann-Whitney test was used to test for significant differ-
ences between groups. The data were considered significant
if P values were less than 0.05.

Results
Parasitological studies

Tables 1 and 2 show the effect of Mirazid using 500 and
250 mg/kgxS-dosing regimens in mice infected with the
Japanese strain of S. japonicum. MZ did not show signifi-
cant decrease in total females (mean + SD=9.00+1.63 and
9.14+2.27 versus 8.29+1.98) or total worms (20.57+4.04
and 19.71£3.77 versus 19.15+4.22) when compared to the
untreated control group, respectively. PZQ at a dose of
200 mg/kg* 5 produced a highly significant female and total
worm reduction (89.63 and 82.82 %, respectively). MZ
regimens did not cause significant reduction in either the
hepatic tissue egg count (55.02+20.82 and 82.74+22.83
versus 50.91+18.37/mg of tissue) or intestinal tissue egg
count (199.52+113.44 and 189.33+62.26 versus 204.67+
90.55/mg of tissue) when compared to the untreated infected
mice, respectively. While, PZQ reduced them significantly
by 90.30 and 95.69 %, respectively. Eggs of all develop-
mental stages were observed with MZ regimens. In the

PZQ-treated group, no immature eggs were found, with
marked reduction in mature eggs (9.86 %) and a marked
increase in dead eggs (90.14 %) when compared with par-
allel values in the untreated controls (55.86, 35.0, and
9.14 %, respectively).

Granuloma measurements

Liver sections of infected untreated controls showed several
cellular granulomas. Alternatively, when MZ was given
using 500 mg/kgx5 regimen or the reduced dose, the liver
pathology was similar to the infected untreated controls,
with mean granuloma area of 150.14+8.07, 160.48+11.70,
and 150.94+6.78 mm?, respectively. However in the PZQ-
treated group, the granulomas were less numerous and cel-
lular compared with the control group, with highly signifi-
cant reduction in mean granuloma area (20.60+1.33
78 mm?), with percentage reduction of 86.35 % (Table 2).

Discussion

This work showed a striking discrepancy between the anti-
schistosomal activity observed in this study and that
reported by previous investigators for other schistosome
species: S. mansoni (Badria et al. 2001; Sheir et al. 2001;
Abo-Madyan et al. 2004; Massoud et al. 2004; Hamed and
Hetta 2005) and S. haematobium (El Baz et al. 2003; Abo-
Madyan et al. 2004). In the present study, we have tested
two MZ dosing protocols (500 and 250 mg/kg for five
consecutive days) in mice infected with S. japonicum
(Japanese strain), and as a control it was compared with
PZQ. Animals were freated 7 weeks p.i. and killed 3 weeks
following treatment, which should allow the death of all
drug-damaged worms.

Table 1 Effects of Mirazid (MZ) in comparison to praziquantel (PZQ)
on worm burden in S. japonicum-infected mice 3 weeks posttreatment

Animal Drug dose  Total Total Total

groups (mg/kg) males females worms

Infected Vehicle 10.86+2.61  8.29+1.98 19.15+4.22
control

Infected + 500x5 11.57£2.64* 9.00£1.63%  20.57£4.04*
MZ

Infected + 250%5 10.57+1.72%  9.14+£2.27%  19.71£3.77*
MZ (2.67)

Infected + 200%5 2.43+£0.98%*% 0.86+1.21** 329+2.06**
PZQ (77.62) (89.63) (82.82)

Values are expressed as means = SD. Numbers between parentheses
indicate the percentage reduction from infected control group

*P<0.01 (significant difference from PZQ 500%2 mg/kg); **P<0.01
(significant difference from infected control)
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Table 2 Effects of Mirazid (MZ) in comparison to praziquantel (PZQ) on ova counts, oogram patterns, and granuloma area in S. japonicum-infected mice 3 weeks posttreatment

Granuloma area
(um?x10%)

% mature ova % dead ova

% immature ova

Total tissue egg

loadx 103

Intestinal ova
countx 103

Hepatic ova
countx 10°

Drug dose
(mgrkg)

Animal groups

Springer

150.94+6.78

55.86+2.41 35.00+1.91 9.14+1.46

255.58+90.54
254.54+126.96

(0.41)

204.67+90.55

Vehicle 50.91£18.37

Infected control
Infected + MZ

150.14+8.07+*

(0.53)

29.57+0.53** 10.00+1.00**

60.43£1.27%*

199.52+113.44%x*

55.02420.82%, **
(2.52)

500x5

272.07+73.47 59.29+1.11** 34.43+0.98** 6.30+£0.95%* 160.48+£11.70%*

189.33£62.26**

82.74+22.83%% ik
(8.10)

250%5

Infected + MZ

20.60£1.33%k%%

(86.35)

90.1441.35%*%*

9.861.35%#**

13.76:£22.00%%+*

(94.62)

8.82:£14.28%* %%

(95.69)

4.9447 T2HHN*

200%5
(90.30)

Infected + PZQ

Values are expressed as means £+ SD. Numbers between parentheses indicate the percentage reduction from infected control group

*P<0.05 (significant difference from MZ 250x 5 mg/kg); **P<0.01 (significant difference from PZQ 500x2 mg/kg); ***P<0.05; ****P<0.01 (significant difference from infected control)

In present work, no signs of antischistosomal activity of
MZ were seen. No alterations in either the S. japonicum total
worm burden or total tissue egg load were observed.
Moreover, MZ failed to induce any alterations in the oogram
pattern or in the granuloma area in comparison to those in
untreated animals. These results are in agreement with few
previous reports. Indeed, a multicenter investigation of the
potential antischistosomal activity of different derivatives of
the resin including the commercial preparation MZ was
tested in mice and hamsters infected with Egyptian, Puerto
Rican, or Brazilian S. mansoni strains. The drug was found
toxic for mice at high doses and produced modest or no
worm reduction at lower doses and the authors stated that
they could not recommend the use of this drug in human
cases of schistosomiasis (Botros et al. 2004). Moreover,
Ramzy et al. (2010) reported that MZ given in a dose
500 mg/kg for 6 days to S. haematobium-infected hamsters
showed very slight 3.4 % worm reduction. No change in the
number of ova in tissues and slight reduction of 18.3 % in the
number of stool eggs were found. Scanning electron micro-
scopic examination of S. haematobium worms revealed in-
tact tubercles, spines, and sensory bulbs and no effect of the
ventral side

Our findings are in contrast with those of Badria et al.
(2001), who reported 76 and 75 % worm reduction upon
treatment of mice infected with an Egyptian strain of S.
mansoni with myrth at doses 250 and 500 mg/kg twice a
day for 3 days. These investigators reported that these treat-
ment regimens induced worm uncoupling and hepatic shift of
female worms in a dose-dependent manner. They also
revealed a marked increase (93 %) in mature eggs in MZ-
treated mice with diminution up to complete absence of some
of the immature egg stages. They did not report on the per-
centage of dead eggs, an increase of which can be considered
as a hallmark effect for effective antischistosomals (Pellegrino
etal. 1977). The percentages of dead eggs were 90.14 % in our
PZQ-treated animals compared with 9.14 % in untreated con-
trols and 6.30-10 % in those receiving MZ regimens. In other
studies, when myrrh in a dose of 500 mg/kg/day for 5 days
was given to S. mansoni-infected mice on the 21st or 45th day
p.i., the percentage reduction of worm burden was 76.92 and
98.46 %, respectively, with marked reduction in the egg count
in tissues. Significant decrease in the mean number and size of
granulomas, paucity of eosinophils, decreased fibrosis and
reticular fibers, and the restoration of the glycogen content
in the hepatocytes were also reported (Massoud et al. 2004).
Furthermore, oral dose of MZ as 600 mg/kg/day for 3 days,
given to infected mice, also caused significant reduction in
worm and ova count of 81.10 and 73.07 %, respectively
(Hamed and Hetta 2005).

Although many observations concering the antischisto-
somal activity of MZ appeared promising, we have failed to
detect any antischistosomal activity with the commercially



