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Abstract: There is a new trend of “back to nature” in searching for antischistosomal drugs,
particularly after the concerns raised about the possible emergence of schistosome isolates
resistant/tolerant to praziquantel as well as for their relative safety and fewer side effects.
Many plant derivatives have been investigated for efficacy against the Egyptian strain of
Schistosoma mansoni, but much attention has been paid to myrrh extract, which is a purified
sap obtained from Commiphora molmol. This extract has been produced and marketed in Egypt
as a pharmaceutical preparation, but with a great discrepancy in its antischistosomal activity
in both experimental and clinical studies. Most previous experimental studies used myrrh in
the dosing protocol of 500 mg/kg/day for five days. In the present study, we investigated the
therapeutic efficacy of three low-dose myrrh protocols against experimental schistosomiasis
mansoni. All these protocols showed no significant efficacy in reducing parasite burdens and
tissue egg loads or in changing oogram patterns. Nevertheless, there was an amelioration
of hepatic lesions, with reductions in mean counts of hepatic granulomas as well as marked
healing of these granulomas.

Keywords: Schistosoma mansoni, schistosomiasis mansoni, myrrh, Commiphora molmol,
antischistosomal chemotherapy

Introduction

Screening natural products found in all sorts of environments is a highly competitive
field in which all of the major pharmaceutical companies are involved.! Although
many plant species have been used throughout the world in traditional medicine for
the treatment of human helminthes,? only a few plants have been screened for activity
against adult Schistosoma mansoni.* Experimentally, many plant derivatives have been
shown to display antischistosomal activities against the Egyptian strain of S. mansoni,
including the blackseed Nigella sativa,** curcumin Curcuma longa,”® garlic extract
Allium sativum,*>'° Cleome droserifolia,'' mandarin orange Citrus reticulata," and
ginger Zingiber officinale.”

Myrrh is an oleo-gum resin obtained from the stem of Commiphora molmol (also
called C. myrrha), and probably other species of the family Bursearacae, growing in
north-east Africa and Arabia.'* Myrrh has been recognized to possess marked antiseptic,
anesthetic, and antitumor properties.'® It consists of water-soluble gum, alcohol-soluble
resins, and volatile 0il.!* The oleo-gum contains polysaccharides and proteins, while
the volatile oil is composed of steroids, sterols, and terpenes.'® One of the advantages
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of myrrh is that, like many herbal and botanic products, it is
safe in humans,'” so that this natural, flavoring substance has
been approved by the US Food and Drug Administration.'*
Upon comparison with praziquantel, Omar et al concluded
that natural myrrh extract had no hepatotoxic, genotoxic, or
carcinogenic effects on adult albino rats.'® Clinically, almost
all studies of myrrh demonstrated its safety in humans with
few, if any, side effects as has been reviewed by Abdul-Ghani
etal.”

In Egypt, myrrh has been investigated, both
experimentally and clinically, against human trematode
infections, particularly schistosomiasis and fascioliasis
with stories of success and disagreement regarding its
efficacy against schistosomes.!” The antischistosomal
activity of myrrh extract was first reported in hamsters
infected with the Egyptian strain of S. mansoni, with
reduction in worm burden reaching 100% two weeks post-
treatment, significant oogram changes, and reductions in
liver and intestinal tissue egg loads.?® Mirazid®, a pharma-
ceutical myrrh preparation, is produced and marketed in
Egypt as gelatin capsules containing 300 mg of purified
C. molmol extract for the treatment of schistosomiasis and
fascioliasis.?!

The results of studies published on the activity of
myrrh in the treatment of S. mansoni-infected mice have
yielded conflicting results,'” both experimentally*** and
clinically.?* 28 Overall, in view of these controversial results,
myrrh may be considered for those who have undergone treat-
ment with praziquantel and were not cured for some reason,
including intolerance, disease relapse, or reinfection.?** The
present study was carried out to evaluate the antischistosomal
efficacy of three low-dose myrrh protocols in Swiss albino
mice experimentally infected with the Egyptian strain of
S. mansoni.

Materials and methods

Eight-week-old female Swiss albino mice (CD-1 strain),
weighing 20 = 2 g, were obtained from the Schistosome
Biologic Supply Center, Theodore Bilharz Research
Institute, Cairo, Egypt. These mice were bred in polypro-
pylene cages under environmentally controlled conditions,
and fed with a standard pellet diet and water ad libitum.
The parasite used was laboratory-maintained cercariae
of Egyptian S. mansoni (CD strain). Purified C. molmol
extract (Mirazid®, Pharco Pharmaceuticals, Alexan-
dria, Egypt), was used as a freshly prepared suspension
in 2% Cremophor EL® (Sigma, St Louis, MO) before
administration.

Three dosing protocols were applied intragastrically
using a stomach tube to the mice treatment groups from day
46 post-infection onwards, when adult S. mansoni stages
are harbored in mice. A total of 40 mice infected with
S. mansoni were randomly allocated to three experimental
groups (I, II, and I1I) and to a control, with 10 mice each. The
infected untreated control received the vehicle solution used
for suspending the drug for three days. The dosing protocols
comprised: a two-day protocol (group I), 500 mg/kg/day
(recommended dose) for two days; a four-day protocol
(group II), 250 mg/kg/day (half the recommended dose) for
four days; and a six-day protocol (group III), 125 mg/kg/day
(quarter the recommended dose) for six days.

Parasitologic investigations

Mice were infected in batches by subcutaneous injection of
each mouse with (60 % 10) cercariae of laboratory-maintained
S. mansoni (Egyptian CD strain) suspended in 0.1 mL
solution.** Worms were recovered from the hepatic and
portomesenteric veins using the Smithers and Terry perfusion
technique for mice.?! This was performed using a perfusion
apparatus (Filamatic®; National Instrument Co., Baltimore,
MD). For estimation of tissue egg loads, weighed fragments
from the tissues of the liver and small intestine were removed
and processed separately by the KOH digestion technique
for counting S. mansoni eggs in tissues.*> An oogram study
was performed by studying alteration in the percentages of
the various stages of viable eggs as well as of the increase
in the percentage of dead eggs in the mucosa of the small
intestine.*

Histopathologic investigations

A small piece of liver was removed from the central part of
the left lateral lobe from each mouse after perfusion, and
preserved in a suitable quantity of 10% formalin. Liver sections
were prepared and subsequently stained with hematoxilyn
and eosin in the Pathology Department of Medical Research
Institute, Alexandria University. Reductions in mean counts
and diameters of hepatic granulomas, as well as their healing
in the treated groups, were then determined and compared
to those in the infected untreated control. The granulomas
were identified as either active granulomas surrounded with
immune cells or healed granulomas surrounded with fibrotic
tissue.

Statistical analysis
The data were analyzed using SPSS (version 11.5; SPSS Inc.,
Chicago, IL) in the Biostatistics Department, High Institute
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Tissue egg load

Nonsignificant (P < 0.05) reductions of 20.8% followed by
14.1% and 13.4% in liver tissue eggs per gram were observed
in groups 11, I, and I11, respectively. In addition, nonsignificant
(P > 0.05) reductions of 23.1% and 10.4% in eggs per gram
tissue of small intestine were observed in groups I and II,
followed by a negligible, nonsignificant (P > 0.05) reduction
of only 4.0% in group III (Table 1).

Oogram pattern

There were no statistically significant (P > 0.05) differences
in percentages of total immature stages in groups I, II, and I1I,
ranging from 59.28% to 65.60% compared to a percentage of
66.14% in the control (Table 1). In addition, percentages of
mature eggs in the treated groups were comparable ranging
from 29.80% to 33.43% (P > 0.05) compared to a percentage
of 28.71% in the control. Likewise, there were no statisti-
cally significant (P > 0.05) changes in the percentages of
dead eggs, which ranged from 4.60% to 7.29% in all treated
groups, compared to a percentage of 5.15% in the control
(Table 1).

Hepatic granuloma measurements

Table 2 shows the effects of the different myrrh dosing
protocols in reducing the mean granuloma counts/low power
field and their diameters in treated groups compared to those
in the control. Only groups III and II showed statistically
significant (P < 0.05) reductions in the mean count of
hepatic granulomas of 39.1% and 34.8%, respectively,
whereas a statistically nonsignificant reduction of only
13.0% (P > 0.05) was observed in group I. In contrast,
nonsignificant reductions of 17.6%, 13.3%, and 11.6% were
observed in the mean diameters of hepatic granulomas in
groups I, III, and II, respectively (Table 2). Study of the
cellularity of granulomas revealed both active (Figure 1) and
healed (Figure 2) granulomas. While the number of healed

granulomas represented only about one half of the active
granulomas (a healing ratio of 1:2) in the control, all myrrh
dosing protocols induced relative increases in the number of
healed granulomas, with healing ratios of 3:1,4:1,and 5:1 in
groups I, 11, and III, respectively (Table 2).

Discussion
In the present study, myrrh largely failed to induce significant
reductions in total worm burdens in all treated groups with
the dosing protocols employed. The total worm burdens
were nonsignificantly reduced in the range of 11.5%—13.2%.
Female worm reductions were also minimal and statistically
nonsignificant; the highest reduction was only 13.0% when
myrrh was administered at 500 mg/kg/day for two days.
Meanwhile, the effects of the different myrrh dosing
protocols on tissue egg loads were negligible. Myrrh caused
only nonsignificant reductions in the range of 13.4%-20.0%
in liver egg loads. Similarly, myrrh exerted only slight
effects on egg loads in the wall of the small intestine when
administered at 500 mg/kg/day for two days that showed the
highest but nonsignificant lowering effect of 23.1%. On the
other hand, none of the myrrh dosing protocols induced any
alteration in the oogram pattern of eggs in the mucosa of the
small intestine. All immature and mature developmental egg
stages were present in percentages approximately equal to
those of the control. Changes in the number and character
of eggs (oogram) provide a simple, sensitive, and reliable
criterion for the screening of drugs active against S. mansoni
that assesses the effects of a drug on oviposition, as well as
on the maturation and survival of eggs trapped in the intes-
tinal mucosa.* Even if hepatic shift of schistosomes is not
evident, alterations in the oogram can still be detected.** This
indicates the failure of myrrh to interrupt the processes of
oviposition and egg development. Moreover, myrrh did not
exhibit any ovicidal activity on eggs already laid in the intes-
tinal wall where no increase in the dead eggs was provoked

Table 2 Effects of different low-dose myrrh protocols on granuloma characteristics in experimentally infected mice harboring adult S.

mansoni (Egyptian CD strain)

Group (n) Dosing protocols Granuloma count/LPF  Reduction Granuloma diameter (um) Reduction Healing ratio
(mglkgl/day X days) (mean t SE) (%) (mean * SE) (%) (healed:active)

Control (7)  Untreated 23.00 + 1.29 NA 270.73 £ 17.56 NA 1:2

1 (7) 500 x 2 20.00 £ 1.31 13.0 239.22 £20.32 1.6 31

I1(5) 250 x 4 15.00 + 1.84° 348 223.00 + 16.64 17.6 4:1

I (7) 125 x 6 14.00 +2.39° 39.1 234.76 £ 16.93 13.3 5

Notes: °P < 0.05; values are expressed as mean + SE; surviving mice/group are given in parentheses (n). Groups |, II, and Il were tested versus control using one-way analysis

of variance followed by Tukey’s post hoc test.

Abbreviations: LPF, low-power field; NA, not applicable; SE, standard error of the mean.
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by the drug. This finding is contradictory to the suggestion
of Massoud who attributed the efficacy of myrrh extract in
the reduction of tissue egg load in hamsters experimentally
infected with S. mansoni to a possible toxic effect of the drug
on the reproductive organs of the parasite.*

The results of the present study are in agreement with
those of a multicenter study carried out in Egypt, Italy, the
US, and Brazil.?® In this study, nonsignificant reductions
in total worm burdens of S. mansoni (Egyptian CD strain)
were recorded, with the highest reductions being only 19%
and 27%. These percentages were produced with the lower
dose of 250 mg/kg for five days whereas the higher one of
500 mg/kg for five days did not enhance worm reduction.
Moreover, there was agreement as regards the nonsignificant
reduction in the liver egg load as well as the unaltered oogram
pattern where all egg developmental stages were present and
comparable with those of the control.”® On the other hand,
various extracts and doses of myrrh, including Mirazid®, did
not show any demonstrable antischistosomal activity in mice
and hamsters infected with different strains of S. mansoni.
In the same study, the Egyptian CD strain was shown to be
less susceptible to myrrh than the Puerto Rican (Mill Hill)
strain of S. mansoni whereas Mirazid® achieved a slightly
higher (36%) worm reduction when administered at a lower
dose of 100 mg/kg for three days.? El-lafft reported a total
worm reduction of 36.5% with no significant change in anti-
bodies to the parasite in mice experimentally infected with
the Egyptian strain of S. mansoni and treated with myrrh.*
However, this efficacy is still low and supports the results of
myrrh obtained in the present study.

However, the results of the present study are inconsistent
with those of Badria et al who reported that oral administration
of myrrh twice a day for three consecutive days at doses of
250 and 500 mg/kg produced significant total worm reduc-
tions of 76% and 75%, respectively.?? Badria et al also
attributed their finding of a progressive reduction in ovipo-
sition, as evidenced by oogram changes to a possible effect
on female reproductive organs.?? Furthermore, the results
of the present study are contradictory to those of Massoud
et al who reported a reduction of 98.5% in total worm burden
five weeks after oral Mirazid® administration at a dose of
500 mg/kg/day for five days 45 days postinfection in mice.*’
They also recorded a marked reduction of more than 90% in
hepatic and intestinal tissue egg loads as well as a significant
alteration in oogram pattern.’” The findings of the present
study are also different to the findings of Hamed and Hetta
who reported significant reductions of 81% in total worm
burden and of 73% in liver egg load in mice four weeks after

oral administration of 600 mg Mirazid® for three consecutive
days two months postinfection.'> Nevertheless, it should be
taken into consideration that the present study is different
from the previous studies with respect to the dosing protocols,
as well as the timing of mice sacrifice.

Botros et al attributed the difference in results of studies
on the antischistosomal efficacy of myrrh to the possibility
of Mirazid® not being a well defined chemical entity, but
simply a plant extract that could vary greatly in its active
ingredients among different batches of preparation.?® In fact,
all published studies that claimed antischistosomal activity
for myrrh did not refer to a specific chemical constituent
responsible for such activity. Moreover, the mechanism of
action of myrrh on schistosomes is not fully understood.!” It
should be stressed that Commiphora comprises more than
200 species,'® but the resins obtained from species other
than C. molmol contain many adulterants that complicate
the characterization of myrrh.*®

In the present study, myrrh induced a moderate reduction
in the mean count of hepatic granulomas compared to the
infected untreated control. Lower doses over longer periods
provoked a higher reduction in mean counts of hepatic
granulomas. The highest reduction of 39.1% was achieved
in mice receiving myrrh at 125 mg/kg/day for six days fol-
lowed by 34.8% in those receiving myrrh at 250 mg/kg/day
for four days. In contrast, 500 mg/kg/day for two days
caused a nonsignificant reduction of only 13.0% in hepatic
granulomas compared to the control. Although myrrh did not
cause significant reductions in mean granuloma diameters,
it appeared to be highly efficacious in inducing healing of
hepatic granulomas compared to those in the control. It is
worth mentioning that although praziquantel is reported to
be highly curative, the patient may still suffer the conse-
quences of progressive disease pathology.** The results of the
present study are in agreement with those of Massoud et al
who reported the efficacy of Mirazid® in markedly reducing
granulomas in the portal areas and ameliorating intercellular
fibrosis in mice experimentally infected with S. mansoni
(Egyptian CD strain).”” In addition, Massoud et al reported a
significant decrease in number and size of granulomas, with
significant reduction in the collagen content deposition in
portal tracts and around central veins in S. mansoni-infected
mice treated with Mirazid®.*°

It should be noted that our study differs in its design from
the latter two studies with respect to the dosing protocols
and the timing of mice sacrifice. In these studies, myrrh
extract was given as 500 mg/kg/day for five consecutive
days, and mice were sacrificed 12 weeks postinfection.’”4
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One possible explanation of the antihistopathologic effect
of myrrh is that provided by Badria and Attia who showed
that Mirazid® has an inhibitory effect on hepatic platelet-
activating factor (PAF) in rats with experimentally induced
hepatic fibrosis, and that might account for its antifibrotic
activity.*! Liver granulomas in schistosomiasis typically
contain a high percentage of activated eosinophils that release
potentially toxic inflammatory mediators, including PAF,
that not only damage the parasite and surrounding tissues,
but also play a role in the perpetuation of the local immune
response.* The inhibition of PAF may partly explain the
moderate enhancement of histopathologic lesions in spite of
the nonsignificant parasitologic results obtained with myrrh
extract in the present study. This creates new opportunities
to investigate the possibility of combining myrrh with anti-
schistosomal drugs to relieve the manifestations of hepatic
schistosomiasis mansoni.

In conclusion, myrrh proved to be an agent of low effi-
cacy against S. mansoni when administered intragastrically
in the aforementioned dosing protocols to experimentally
infected mice. However, even using myrrh at low dosing
protocols proved efficacious in ameliorating the hepatic
pathology due to S. mansoni. The present study recommends
the re-evaluation of myrrh as an antischistosomal drug
experimentally and clinically and carrying out experiments
to investigate its possible advantages as an antipathologic
adjuvant to antischistosomal drugs.
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