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ABSTRACT

Schistosomiasis remains one of the most prevalardasjiic infections and has significant
economic and public health losses in many develppoountries. Understanding the
host/parasite interactions is important, since dices arise concerning the susceptibility of
snails to infection by respective trematodes arwlrtbpecificity and suitability as hosts for
continued parasite development. Thus the aim efrégearch is to extend our knowledge about
the biological basis of the snail/parasite relatsmp with the hope of finding novel ways to
disrupt the transmission of this disease. In theamt research the compatibility/incompatibility
of two types of snails,Biomphalaria alexandrina @awinus truncatus with their target and non-
target miracidia (Schistosoma mansoni and Schist@schaematobium) was investigated
histopathologically and also by identifying somesthdefense mechanisms against the invading
parasite by biochemical analyses through the meament of lipid peroxides, and the
antioxidant enzymes glutathione reductase, supeeogismutase and catalase in these snails.
The results showed that the parasites invadingribempatible snail species were immediately
recognized by the host hemocytes and encapsidatatearly stage of snail penetration , while
those infecting the compatibile snails were welladeped as mother sporocysts. The obtained
data also demonstrated that lipid peroxides wereraased in snails exposed to the non-
compatible parasite while the antioxidant enzymelke were elevated in snails exposed to the
compatible parasite indicating the capability oétrespective parasites to overcome the defense
mechanisms generated by its host. The infectior ke#tween each type of snail and its
compatible parasite was higher than with the nompatible parasite.Results of these
experiments strongly support the hypothesis thdbganous expression and regulation of larval
antioxidant enzymes serve a direct role in protectgainst external oxidative stress, including
immune-mediated cytotoxic reactions. This may o@enareas for investigating new immuno or
chemotherapies or vaccines against the enzymesodugpts that the parasite releases or needs
to survive within its host.

Key words: schistosomiasis, compatibility, oxidative stres#joxidants.

206
Pelagia Research Library



Maha Z. Rizk €t al Eur. J. Exp. Bio., 2011, 1 (2):206-218

INTRODUCTION

Species of the human blood fluBehistosomare estimated to infect approximately 200 million
people worldwide, resulting in loss of health, kifaand productivity mainly among the world's
poorest inhabitants[1]. Since snail intermediatsthoepresent an essential part of the flukes' life
cycle, an understanding of the strategies usedhbyiritramolluscan schistosome larvae to
survive within this host may provide novel approegtor disrupting larval development and
thus transmission to humans[2]. Gdpitory parasitism of the snail, without which neeocan be
infected, is the reason why this schistosome-snigtaction is a biomedically relevant target for
research. Expanding knowledge of this host-paasistem not only inspires hope of reducing
the human costs of this insidious disea8g] but holds the promise of broadening and
deepening our grasp of the origins and evolutiorf@sgories of the strategies exploited by
different hosts and parasites to sustain other gseb. In Nature, a range of compatibilities
exist, and the fates of schistosome larvae thattpate snails of the host species vary from (i)
destruction within hours in non-appropriate hostgii) productive infections that yield human-
infective cercariae several weeks later in appederhosts. The success or failure of the host’s
recognition system plays the dominant role in daeieing the outcomes of schistosome-snail
encounters, a state which induces a stress caimsimgtion of free radicals[5]. When trematodes
enter a snail, they facexidative stress generated from products of oxalizgasma
hemoglobin , or reactive oxygen or nitrogen spe@R3S and RNS, respectively) resulting from
hemocyte-mediated immune responses Tég¢matodes do not “lie down”, but, to the contrary
they release a veritable cloud of molecules thatheome to be known as their excretory-
secretory products (ESP) [7]. Many are released nwtiee miracidia metamorphose to
sporocysts, these ESP molecules include antioxidamymes whichare believed to play a
critical role in the maintenance of cellular redmedance, contributing to larval survival in their
snail hogi8].

Several authors have addressed the fundamentatatiffe between susceptibility or resistance
of a certain species of schistosomiasis intermeduatst snails as the ability of its respective
parasite to activate or inactivate the hemocyteratign towards the miracidia [9,10]. In this
respect, studies have confirmed tBamphalaria alexandrinastrains , intermediate hosts of
intestinal schistosomiasis may be either susceptibl resistant to infection b$chistosoma
mansoni Also, Bulinus truncatusintermediate hosts of urinary schistosomiasis tayeither
susceptible or resistant to infection $ghistosoma haematobium.

In the present work, the compatibility/incompaiityilof both snail types was studied towards
either their target or non-target parasite spetiesrder to confirm the biological basis for
snail/parasite associations. Also the rates otiida and attraction of each snail species towards
the different parasites was elucidated.

MATERIALS AND METHODS

Preparation of snail tissue homogenates:

Shell of snails from different experimental growpsre removed , 0.1g tissue was weighed and
homogenized in 1ml phosphate buffer pH= 7.1, deigeed at 4000 rpm for 15 minutes and the
supernatant was collected in epindorff tubes aokdtat - 20°C. The supernatants were used for
different enzymatic analyses.
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Determination of total proteins (TP) in tissue hayapate:
Total proteins were assayed in tissue homogenatg Bsadford reagent [11]The color formed
is measured calorimetrically at wavelength 595 nm.

Determination of lipid peroxidation products (MDA):

Malondialdehyde (MDA), as an indicator of lipid pgrdation was determined in tissue
homogenate according to Ruiz-Laredaal, [12] using saturated thiobarbituric acid (TBA) in 10
% perchloric acid. Lipid peroxidation was expresss unit absorbance of TBARS at 532 nm.
MDA level was calculated using coefficient of MDA58 x 13 / M / cm according to Buege
and Aust [13].

Determination of glutathione reductase (GR):

Glutathione reductase was assayed in tissue horatgertcording to Erden and Bor [14].
Enzyme activity was calculated by applying the ¢igmaof John[15] and expressed as mmoles
NADPH reacted/min/mg protein

Determination of catalase (CAT) :

Catalase activity was assayed in tissue homogacateding to Lubinsky and Bewley[16] . The

disappearance of hydrogen peroxide was monitorefblbiywing the decrease in absorbance at
240 nm in spectrophotometer using molar extinctioafficient for hydrogen peroxide of 0.041

mM/cm. Catalase activity was calculated by applyimg equation of John [15]. One unit of the
enzyme activity is defined as the amount of enzjma¢ catalyzes the decomposition of 1 mmol
of H,O,/ min/mg protein.

Determination of superoxide dismutase (SOD):

Superoxide dismutasgas assayed in tissue homogenate by a kinetic assayding to Paoletti,
et al.,, [17]. The initial absorbency was recordedl &NADH oxidation was followed by
measuring the absorbency at 340 nm after 3 mintites.activity of the enzyme was calculated
according to the equation of John [1Bhe activity is expressed as unit / mg proteine @Qnit is
determined as the amount of enzyme that inhibhedkidation of NADH by 50 %.

Histopathological Investigations:

After removal of shells from each group ,snailsevizxed in Boiun solution (200 ml picric acid,
120 ml formaline 37%, 20 ml acetic acid ) and thert (4um) sections and stained with
hematoxylin and eosin .For hematoxylin and eosi&HEMHstaining sections were stained with
hematoxylin for 3 minutes, washed, and stained WiB% eosin for an additional 3 minutes.
After an additional washing step with water theledi were dehydrated in 70%, 96%, and 100%
ethanol, and in xylene before they were embedded®X and evaluated by a blinded
pathologist [18]

Snail infection experiment:

Two groups of five JuvenilBiomphalaria alexandrinanails (3 £ 1mm in diameter).each were
exposed individually to 10 freshly hatched miragidif Schistosoma mansonor Schistosoma
haematobiumrespectively obtained from Schistosome Biologi&Gipply Project (SBSP),
(Theodur Bilharz Research Institute, Egypt) in wiabntaining 3ml dechloratedwater for 3-4
hours and calculate the rate of infection .

Two groups of five JuvenilBulinus truncatusnails (3 £ 1mm in diameter) each were exposed
individually to 10 freshly hatched miracidia dbchistosoma mansonor Schistosoma
haematobiumrespectively obtained from Schistosome Biologi&Gipply Project (SBSP),
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(Theodur Bilharz Research Institute, Egypt) in siabntaining 3ml decholoratedwater for 3-4
hours (pH=7 , 2%) and the rate of infection was calculated perutgn

Statistical analysis:

Data were evaluated with SPSS (Statistical PackBuye the Social Sciences, version
6.0.1, Chicago, IL) software. Hypothesis testinghnds included one way analysis of variance
(ANOVA) followed by least significant difference §iD] test. P values of less than 0.05 were
considered to indicate statistical significancd.tAése results were expressed as mean £S.D for
snails in each group.

RESULTS

Data listed in Table 1 demonstrate tBaalexandrina snailsnfected bySchistosoma mansoni
show a highly significant in the levels of lipiderpxides, glutathione reductase, catalase and
superoxide dismutase with 8.34, 0.59+0.14, 0.08+0.01 and 0.22+0.04 respectively compared
to control group.

B.alexandrinasnails infected bypchistosoma haematobiwshow a highly significant in levels of

lipide peroxides and glutathione reductase with830+1.38 and 0.31+0.04 respectively
compared to control group and show non significantevels of catalase with 0.06+0.002
compared to control group and low significant imeleof Superoxide dismutase with 0.11+0.02
compared to control group.

On the other han@ulinus truncatussnails infected byschistosoma haematobiusmow non
significant in level of lipide peroxides with 9.4#@ compared to control group and show a
highly significant in the levels of glutathione rtedase,catalase and superoxide dismutase with
0.34%0.05, 0.07+0.008 and 0.21+0.04 respectivelgmared to control group.

Bulinus truncatussnails infected byschistosoma mansoshow a highly significant in the level
of lipide peroxides with 13.03£0.97 and show logngiicant in level of glutathione reductase
with 0.18+0.04 and show non significant in levefscatalase and superoxide dismutase with
0.04+0.003 and 0.1+0.008 respectively compareadrol group.

The rates of infection of both snail species wiie tompatible and incompatible parasites are
shown in Figs 1&2. From Fig.1 we could deduce tinengy compatability between miracidia of
S.mansoniith the respective snaB.alexandrinaand weak attraction with the noncompatible
snail B.truncatus Fig.2 reflects strong attraction between the mdiacof S.haematobiumwith
their compatibleB.truncatussnails and weaker attraction with the noncompatthblexandrina
snails.The high infection rate of these snails with the@ mompatible miracidia may be due to
the mobility of this species compared to B.trunsatu

Histological and Histopathological Observation:

We observed that miracidia of compatible (C) antbmpatible (IC) strains 0. mansonand
S.haematobiurpenetrate the snail epithelium in a similar mar(same number of larvae, same
speed of entry). Nevertheless, drastic differergese evident between C and IC strains after
penetration. Parasites from the IC strain were idiately recognized by haemocytes that were
in contact with the surface of the parasites anoragysts were entirely encapsulated post-
infection. At this stage, sporocysts were cleaibgraded (Fig. 3c and Fig.4c).Germinal cells
and other internal structures showed extensiveopaifcal changes . In contrast, miracidia of
the C strain remained unaffected and did not uradergcapsulation, no haemocytes were
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observed close to the sporocysts. Normal develoBmgstructures were observed (Fig.3b and
Fig.4b). It is apparent that fast encapsulatiori®fstrain miracidia after penetration prevents
larvae from moving further into the snail tissu€sstrain parasites then pursued normal growth
and development.

Table 1:Lipid peroxides, glutathione reductase, catlase and superoxide dismutase iB.alexandrina and
B.truncatus infected with either S.mansoni or S.haematobium

Group B.alexandrina | Bio-m Bio-h B.truncatus | Bul-h Bul-m
Lipid peroxides 5.38+1.16 8.14+1 | 10.89+1.38| 8.7610.74 | 9.4+0.74 | 13.03+0.97
mmole / g.tissue
Glutathione reductase
mmole / g.tissue
Catalase

mmole / g.tissue
Superoxide dismutase
mmole / g.tissue

0.15+0.02 0.59+0.74| 0.31+0.04 | 0.09+0.02 0.34+0.05| 0.18+0.04

0.06+0.004 0.08+0.0°1 0.06+0.002 | 0.05+0.009| 0.07+0.068 0.04+0.008

0.08+0.01 0.22+0.04| 0.11+0.02° | 0.084+0.003 0.21+0.64| 0.1+0.008

Data are expressed as mean+SD of snails in eaghpg Anova at R0.05.
%P < 0.0001 when compared with normal group.
P< 0.05 when compared with normal group.
‘P < 0.01 when compared with normal group

Fig. (1): Attraction of Smansoni miracidia towards snalils:
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Fig. (2): Attraction of S.haematobium miracidia towards snails:
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Histological examinations:
-In case of infection with Schistosoma mansoni

~
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Figure (3a) Histological section oB.alexandrina snail showing normal structure of the germ cell.
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Figure (3b)Histological section ofS. mansoni Sporocysts (Sp) in a compatible (C strain) host-gpasite
combination located in head-foot tissues d&. alexandrina snails at 3 days post-infection .Normal
developing sporocyst structures, sporocyst wall (9wWs intact; no haemocytes present in the vicinitpf the
sporocyst. (Haematoxylin &Eosin stain (H,EX200).

Figure (3c)Histological sections of S. mansoni Spacysts in an incompatible (IC strain) host—parasite
combination located in head-foot tissues of B. tmcatus snails at & days post-infection. The sporocyt is
encapsulated by hemocytes (cap = capsule), the spoyst wall (sw) is already clearly degraded and mosf
sporocyst cells are destroyed. (H,EX200).

-In case of infection withSchistosoma haematobium
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4a) Histolbgical section oB.truncatus snail showing normal structure of the gefm cell.

Figure (

Figure (4b) Histological sections o5. haematobium Sporocysts (Sp) in a compatible (C strain) host—parasite
combination located in head-foot tissues d. truncatus snails at 3° days post-infection .Normal developing
sporocyst structures, sporocyst wall (sw) is intagho haemocytes present in the vicinity of the spocyst.
(H,EX200).
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Figure (4c) Histological sections of S.haematobiu@porocysts in an incompatible (IC strain) host—paraite

combination located in head-foot tissues of B. atandrina snails at 3¢ days post-infection. The sporocyt is

encapsulated by hemocytes (cap = capsule), the spoyst wall (sw) is already clearly degraded and mosf
sporocyst cells are destroyed. (H,EX200).

DISCUSSION

The host-parasite relationship is complex and guestremain concerning the susceptibility of
snails to infection by the respective trematoded Hreir suitability as hosts for continued
parasite development. The dynamic interaction betwmolluscs and their trematode parasites
leads either to a state of co-existence, in whitehttematode thrives and produces subsequent
stages of its life-cycle, or to incompatibility, ete the trematode is either destroyed and
eliminated by the host snail defensive responsedaits to develop because the host is
physiologically unsuitable [19,20]. Successful coration of a compatible snail host by a
digenetic trematode miracidium initiates a compdealiferative development program requiring
weeks to reach culmination in the form of productf cercariae which, once started, may
persist for the remainder of the life span of thfedted snail [21].

Hemocytes discover parasites within minutes and aaftict significant damage within a few
hours [22]. The capacity to generate ROS, knowa bisthe term ‘leukocyte respiratory burst’
due to its rapid consumption of,QOis central to the cytotoxic capacities of leukiesyin
organisms across the evolutionary spectrum. Oncaeergeed, the first ROS of the burst
(superoxide, @) can be metabolized through alternative pathwsgsje leading to other toxic
ROS while others detoxify the products[23].

In the present work ,the antioxidant defense masham snails subjected to either respective or
non respective parasites was studied and data shaka lipid peroxide level iB.alexandrina
snails infected by S. haematobiunand inB. truncatussnails infected byS. mansoniwas
significantly elevated . On the other hand, glutaik reductase (GR), catalase and superoxide
dismutase (SOD) activities showed tHaglexandrinasnails infected bys. mansoni and B.
truncatussnails infected b. haematobiurdemonstrate a high significant elevation whileilsna
infected by the non compatible parasite showedrasignificant difference. It was previously
reported that oxidative stress results in formatodrhighly reactive hydroxyl radical which
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stimulates lipid peroxidation [24]. In a corresporglstudy, Parthasarathy and Joseph [25] stated
that oxidative stress induced changes in free ahgioduction and elevated lipid peroxidation in
the freshwater Tilapiadreochromis mossambigus

As previously reported, the elimination of schistm& parasites by the internal defense of
incompatible snails occurs at the first intra-mstlan parasitic stage, namely the mother
sporocysts . Also, this period was chosen becausedithis period it is determined whether the
outcome of infection is coexistence with or elintioa of the parasite [26]. Farrag [27] studied
the levels of different antioxidant enzymes Bn alexandrinasnail tissue before and after
exposure toS. mansoniand reported the active role of snail tissue imtigipation of the
antioxidant defense of these snails.

The internal defense system of snails consist ah beellular and humoral components.
Circulating hemocytes are the principle line ofldar defense. They can be bound to and Kill
trematode larva by phagocytosing the syncytial negput or releasing cytotoxic compounds or
both[28]

The current results demonstrate that catalaseitgotias higher irB.alexandrinasnails infected

by S. mansoniand inB. truncatussnails infected bys. haematobium while B.alexandrina
infected byS. haematobiunor B. truncatusinfected byS. mansonshowed a non significant
change. Snail hemocytes producgOblas an anti-parasite effector molecule, but evideaiso
strongly supports the presence of an active amtaoi system in early developify
mansonisporocysts other than catalase for convertin@.Hsince the latter gene homologues
were not found in recent searches of $henansongenomic and EST databases [29,30]. This is
consistent with previous findings indicating thia¢se parasites must possess alternative means
for neutralizing HO, and other ROS [31,32]. It is thus acceptable tiwat higher activity level

of catalase in snails infected with the compatimdeasite arises from the host itself and the
excess b0, that is produced in the cells would be easily xiéiegd by this enzyme [33], but in
non compatible snails, catalase was not abletteficiently on the surplus ¥D, produced and
parasite death resulted [34]

The present results indicat that SOD activityBralexandrinasnails infected bys. mansoni
demonstrate a high significant elevation whilesehanfected bys. haematobiurshowed a non
significant change. Alsd. truncatussnails infected bys. haematobiundemonstrate a highly
significant elevation while those infected ymansonshowed a non significant change.

SOD catalyzes the dismutation of superoxide an@) {nto hydrogen peroxide @@,) and Q.
H,O, is the most toxic oxygen species f8r mansonisporocysts . But, SOD also has a
peroxidative activity that uses its own dismutatpmoduct HO, as a substrate to produce the
hydroxyl radical {OH) [35]. Using its peroxidative function, SOD could inactevd+0O, and
produce *OH that is less toxic for the sporocy8isThis in turn may explain the higher activity
of this enzyme in the snails exposed to the corbjeapiarasite.

In the last years, many aspects of the interadigween the digenetic trematode larvae and the
internal defense system of molluscs have been ddterl. Nevertheless, the possible
mechanisms responsible for destruction of the ntgjof larvae in resistant or non compatible
shails remain to be totally understood. The reseb®rted up to now suggest that the hemocyte
could be the effector element in the destructionchmmaism of trematodes, being directly
involved in the death of some encapsulated pagsitein the production of soluble factors
which could be cytotoxic . The majority of the amth [36-38] agree that the snails defense

215
Pelagia Research Library



Maha Z. Rizk €t al Eur. J. Exp. Bio., 2011, 1 (2):206-218

generally occurs by means of destruction, totgastial, of the primary sporocyst at the first few
hours following the penetration of the miracidium.

Briefly, the interaction of snail hemocyte with $&tbsoma larvae (miracidium) could be of
concern for evaluation of cellular immunity of thémail against infections and could affect
schistosomiasis programme control.

The snail infection rate varies widely accordingsthistosome species and strains, and is, to
some extent, related to the snail host-parasitepatibility.

The rate of infection oB.alexandrinasnails with their compatible parasit&ansonireached
90% .Infectionof the same parasiteith the incompatible snaB.truncatusrecorded 40% .This
was previously confirmed by Frandsen[39] who foumféction rates oB. alexandrinasnails

with S. mansonifrom Egypt to be about 50-90% and Yousif et ab}[4vho exposed
B.alexandrinato S. mansoniand recorded 100% infection rates. On the othedh&eda et
al.,[41] found that the infection rate &.alexandrinaincreased up to 88.2% whitruncatus

did not

The rate of infection dB.truncatussnails with their respective parasifaematobiujireached
100 % .This was confirmed by Frandsen [4&Jo found the rate of infection d.truncatuswith
S.haematobiuno be about 62 %-100 %. Infection of the same pEavith the noncompatible
snail B.alexandrinarecorded 90 % and this high infection may be du¢he mobility of this
speciesB.alexandrind compared t®.truncatus

The histopathological investigation in eithBralexandrinaor B.truncatussnails subjected to
respective and non respective parasite showedptrasites from the incompatible strain were
immediately recognized by haemocytes that weremact with the surface of the parasites and
sporocysts were entirely encapsulated post-infectid\t this stage, sporocysts were clearly
degraded. In contrast, miracidia of the compatiélieain remained unaffected and did not
undergo encapsulation, no haemocytes were obselvge to the sporocysts and parasites then
pursued normal growth and development. This imglgoin accordance with previous findings
that light microscopy indicated that hemocytes miigrtowards miracidia, after which very thin
cytoplasmic extensions develop around the miracaha finally theS. mansonilarva is
completely surrounded. The present observationespands to early stages of encapsulation
classically observed in infected mollusc tissue}.[4

The results showed that miracidia penetrated intb the compatible and non compatible snails
equally, but hemocytes of the resistant or incorbjeat snails encapsulated the parasites more
quickly and at a higher rate than those from theceptible strain [44]Resistance can take
several forms, occurring because the parasite tisattacted to the snail, cannot penetrate it,
penetrates the snail then degenerates immediategfter some development, or is actively
destroyed by the snail defence system after pdiwetria5].

In in vitro studies, hemocytes from resistant shakhibited greater phagocytic activity than
those from susceptible snails [10]ln compatible interactions, the parasite penetratied
develops normally within the snail, giving rise tbe next parasite stage, the cercariae.
Alternatively, in incompatible interactions, theval trematode penetrates but is immediately
recognized as non-self, encapsulated and destroyettie mollusk’s internal defense system
[46].
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Recent studies based on proteomics of either snghrasite protein extracts are beginning to
reveal key molecules that may play a role in ssellistosome compatibility [47]A stress
response , manifested by modulation of gene engdu#at shock protein 70 may also underlie
the snail / host encounter [48]. The authors adsmrted that heat shock protein 70 and reverse
transcriptase are induced early in compatible fuigale snails but not in non compatible ones.

It could be concluded that our findings show a rclesk between the oxidant and antioxidant
levels between two species of mollusc snails, witkir compatible and non compatible
parasites, which presumably results from sympatsevolution.
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