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Tissue and Larval Stages Responses of Biomphalaria alexandrina Snail Infected by
Schistosoma mansoni Following Exposure to Artemisia annua
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Abstract: The host-parasite relationship is very complex depends firstly on the immunity and defense system
of hosts. Fresh water snails are intermediate host of more than 4000 species of digenetic trematodes. Some loose
species of snails become rare because of using different control materials especially for  Schistosme  control.
So this study tried to confirm the role of Artemisia anua as antioxidant by rising the immune system and
defense mechanism of snail Biomphalaria alexandrina infected by Schistosoma mansoni. Two sub lethal
concentrations (1.5 & 3 ppm) of water extract of aerial parts of Artemesia annua are used with infected
Biomphalaria alexandrina snail (48h., 10 days and 20 days) post infection. The results indicated that there
were remarkable changes in concentration of Superoxide Dismutase (SOD), Glutathione peroxidase (GSHP) and
Lipid Peroxidase (Malondialdhyde, MDA). Histopathological changes were also observed as a result of
infection. After treated with 1.5& 3 ppm of Artemisia the snails tissues recovered their natural shape and
position. Larval stages were enveloped and their growth stooped specially with high dose in the more vital
tissues of the snail (digestive and ootestis glands).
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INTRODUCTION Circulating hemolymph cells known as hemocytes,

Gastropodes are well known to play a vital role in the defense system [4]. They contribute in various of internal
transmission of most species of digenetic trematodes. defence-related activities including microbial
They are intermediate host for larval development of over phagocytosis and multicellular encapsulation [4, 5].
4000 species of digenean trematodes [1]. One of the most Reactivity of snails against parasites demonstrates a
universal investigated molluscs is the freshwater primitive focal reaction, with phagocytosis and
gastropod snails Biomphalaria sp. This snail is the most destruction of parasite larvae by macrophage like cells [6].
essential intermediate hosts for a widespread pathogen of The hemocytes may also discharge other soluble
humans specially for the digenic trematode Schistosoma compounds as part of their defense strategies including,
mansoni. Biomphalaria can react through different agglutinins, lectins and antimicrobial peptides [7].
pathways to S. mansoni infection. Such observation Immune function are complemented by killing
suggests the possibility of the snail to increase a sort of mechanisms, which include liberate of degradative and
adaptive immunity for Schistosome infection [2]. oxidative enzymes [8] and the production of highly
Therefore more understanding of the internal defense reactive oxygen metabolites [9]. To reduce ROS (Reactive
system of B. alexandrina snails may offer a means Oxygen Species), organisms have developed complete
towards the control of this human pathogen. antioxidant defenses comprise molecules of low molecular

Trematode infection had different effects on the weight that act as free radical scavengers as  ascorbic
biology of gastropod intermediate hosts. The acid, tocopherols and glutathione(GSH). Antioxidant
intrapopulation development of a parasite connected enzymes comprise superoxide dismutase (SOD), Catalase
within a mollusc-trematode system, is detrimental in (CAT) and enzymes related to GSH, like glutathione
energy of the host either by direct consume of nutrients peroxidase (GPx), glutathione reductase (GR), glutathione
resources or indirectly through more difficult behavioral S-transeferase(GST)  and  reduced   glutathione  (GSH)
manipulations [3]. [10, 11]. In the last 15 years there has been plenty of

represent the main cellular constituent of molluscan
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researches on the activity of artemisinin against malaria. Experimental Design
Artemisinin was revealed as the active constituent of A.
annua. In early 1970s, hundreds of papers have focused
on the anti-parasitic effects of artemisinin and its semi-
synthetic analogs dihydroartemisinin, artemether,
arteether and artesunate [12]. Among the potential
medicinal plants of antioxidant properties, A. annua
exhibits a number of promising characteristics. Many
recent studies focus on the effect of Artemisia as anti
parasitic and antioxidant material [12-20]. All studies
concentrate in schistosomal control on the snails defeat.
Snails are very important in food cycle and as the result of
killing by using different material the presence of snails
specially some loose species become rare. So in this study
we aimed to improve the immunity of the snails and
suppress the growth of the larval stages of schistosome,
interrupt the parasite life cycle and decrease transmission
to humans. In spite of its effectiveness against all
Schistosoma species, praziquantel (PZQ) shows low
efficacy against schitosomal larval stages. The possible
for development of resistance to PZQ has justified the
search for new different chemotherapies. This study
aimed to find a viable and promising treatment of
medicinal plant Artemesia as a promising treatment of
schistosomiasis.

MATERIAL AND METHODS

Snails: Laboratory bred Biomphalaria alexandrina
snails were originally obtained from Schistosome
Biological Supply Center (SBSC), Theodor Bilharz
Research Institute, Giza, Egypt. The snails were
maintained in 5 liters capacity plastic aquaria under
standard condtions, at a density of 50 individual per
aquarium. Water temperature was maintained  at  25°C.
The snails were fed dry lettuce leaves daily.

Schistosoma Mansoni: S. mansoni ova were obtained
from SBSC-TBR, an Egyptian strain from  Giza
Governorate which has been maintained in B. alexandrina
and albino mice CD1 strain. The eggs were left for
hatching in dechlorinated water (24C) under artificial light.
The hatched miracidia were prepared for snail infection.

Plant Material: Aerial parts of Artemisia annua were
used for preparation of water extract. 20 grams of dried
aerial parts of the plant were soaked in 200 ml. boiling
water  for  20 minuets  and  then allowed to cool at room
temperature  and    filtrated   [21].    Sub-lethal  doses (1.5
& 3ppm) of crude extract were used.

Snail Infection: Adult B. alexandrina snails (8-10 mm
shell diameter) were individually exposed to 7-9 miracidia
in glass test tubes filled with 2 ml dechlorinated tap water
for 3 hours [22].

The snails were separated in 4 Groups, each with
three  replicates  of  30  snails.  Group  1: control
(uninfected untreated snails), Group 2: Infected untreated
snails, Group 3: treated with 1.5 ppm Artemisian extract
and Group 4: Infected treated with 3ppm Artemisian
extract.

The exposure period is 20 days this is the end time of
the infection cycle inside the snail and the beginning of
cercarial shedding.

Each group contain 30 snails fed with dry lettuce
leaves.The heamolymph samples and tissues for
histology were taken after 48h., 10 days and 20 days post
infection.

Hemolymph Collection: The hemolymph was collected
from the four experimental groups at intervals of 48h., 10
days and 20 days post infection. Water adhering to the
snails was   removed  and  the  head-foot  was  cleaned.
By  using  micro  pipette,  when  the   foot  was touched
the  snail  pull  back into its shell and extruded
hemolymph.

Three antioxidant enzymes, Glutathione peroxidase
(GSHP); Superoxide Dismutase (SOD) and Lipid
Peroxidase (Malondialdhyde, MDA) were measured in all
hemolymph sample by the methods of Prins and Loose
[23], Rest and Spitznagel [24] and Ohkawa et al. [25],
respectively.

Histological Investigation: After 48h., 10 days and 20
days of miracidial exposure, the shells of 3 snails from
each group were removed carefully by forceps. The soft
parts of snails were immediately fixed in 10% formalin for
48 hours and dehydrated in an ascending series of
alcohol. Following dehydration through increasing
alcohol concentrations, tissues were embedded in paraffin
wax. Sections were cut and stained with haematoxylin and
eosin as a basic stain [26].

RESULTS

The survival rate of snails at the end of the
experiments (after 20 days) and after exposure to both
doses of Artemisia (1.5 & 3 ppm) was 100%, where it was
80% in the infected untreated group.
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Table 1: Effect of 1.5 and 3ppm Artemisia on the concentration of
Superoxide Dismutase (SOD) in snails heamolymph after 48 h.,
10 days, & 20 days of infection. 

Sample 48 h. 10 days 20 days
Control uninfected 4.83±1.54 4.83±1.54 4.83±1.54
Control infected 4.17±0.78 2.o4±0.05 4.82±0.85
Treated with 1.5 ppm 3.63±0.09 2.98±0.33 1.76±0.53
Treated with 3ppm 2.41±0.17 3.06±1.42 5.43±2.75

Table 2: Effect of 1.5 and 3ppm Artemisia on the concentration of
(Glutathione Peroxidase (GSHP) in snails heamolymph after 48h.,
10 days & 20 days of infection

Sample 48 h. 10 days 20 days
Control uninfected 1.86±0.7 1.86±0.7 1.86±0.7
Control infected 2.24±o.o6 1.51±0.14 2.98±0.78
Treated with 1.5ppm 2.02±0.33 1.69±0.19 0.87±0.35
Treated with 3ppm 1.76±0.08 2.17±0.58 3.16±1.59

Table 3: Effect of 1.5 and 3ppm Artemisia on the concentration of Lipid
Peroxidase (Malondialdehyed; MDA) in snails heamolymph after
48 h., 10 days, & 20 days of infection

Sample 48 h. 10 days 20 days
Control uninfected 57.9±4.68 57.9±4.68 57.9±4.68
Control infected 29.45±2,32 12.71±1.67 30.67±4.47
Treated with 1.5ppm 25.26±5.65 15.89±2.83 8.75±2.06
Treated with 3ppm 14.45±1.84 16.58±2.43 37.68±5.56

The data in Tables (1, 2 &3) indicated that there is a
remarkable change in the concentration of SOD, GSHP
and MDA as a result of infection and after treated with 1.5
and 3 ppm of Artemisia. The concentration of SOD is
4.83±1.54U/ ml in the heamolymph of control untreated
uninfected snails and it recorded 4.17±0.78, 2.04±1.05,
4.82±0. 85U/ml, respectively, in control infected untreated
snails after 48h, 10 days, 20 days of infection. After
treatment with 1.5 ppm Artemisia, SOD concentration
decreased to 3.63±0.09, 2.98±0.33 and 1.76±0.53 after 48h,
10 days, 20 days of infection, respectively. Its
concentrations changed after treated with 3 ppm to
2.41±0.17, 3.o6±1.42, 5.43±2.75U/ml after 48h, 10 days, 20
days.

GSHP concentration changed from 1.86±0.07U/ml in
control untreated specimen to 2.24±0.06, 1.51±0.14 and
2.98±0.78u/ml after 48h, 10 days, 20 days of infection
respectively. After treatment with 1.5 ppm Artemisia and
infection for 48h, 10 days, 20 days, GSHP concentration
recoded 2.02±0.33, 1.69±0.19 and o.87±0,35U/ml. It is also
recorded 1.76±0.08, 2.17±0.58 and 3.16±1.59U/ml after
treated with 3 ppm Artemisia and infection for 48h, 10
days, 20 days, respectively. 

Fig. 1: Sections of Head foot of Biomphalaria alexandrina snails stained with H&E post infection with Schistosmoma
mansoni:
A: Section of infected head and foot after 48h. of infection showing big number of capsulated sporocyst. 
B&C: Sections of infected head and foot after 48h. of infection, treated with 1.5ppm & 3ppm Artemisia
respectively, showing mild infection of capsulated early stages of larvae. 
D: Section of head and foot of infected snails after 20 days of infection showing large number of mature
cercariae.
E & F: Sections of head and foot of infected snails after 20 days of infection treated with 1.5ppm &3ppm
Artemisia respectively, showing small number of capsulated cercariae.
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Fig. 2: Sections of Biomphalaria alexandrina post infection with schistosmoma mansoni and treatment with Artemisia
stained with H&E.
A, B, & C : Infected after 48h.
A: Infected untreated showing normally developing elongated sporocyst
B &C: Infected treated with 1.5&3 ppm Artemisia respectively, showing sporocysts enclosed in a large number
of infiltrated heamocytes 
D, E,& F: Infected after 10 days.
D: Infected untreated, showing normal developed redeae, 
E&F: Infected treated with 1.5 &3ppm Artemisia respectively, showing undeveloped sporocysts with very thick
cover of heamocytes around.
G, H, I: Infected after 20 days.
G: Infected untreated showing normally developed cercariae.
H & I: Infected treated with 1.5 &3ppm Artemisia respectively, showing undeveloped &degenerated
sporocyasts.
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Fig. 3: Sections of digestive gland and ovotestis of Biomphalaria alexandrina snails post 20 days of infection with
Schistosoma mansoni stained with H&E.
A&D: Infected untreated digestive gland,& ovotestis filled with large number of developed larvae. 
B&C: Sections of digestive gland treated with 1.5&3ppm Artemisia with normal digestive tubules without any
larval stages.
E&F: Sections of ovotestis treated with 1.5&3ppm Artemesia, gonadal acini appeared normally. 

Control untreated uninfected specimen recoded MDA sporocyst, as inner step of forming capsule (Figure 1b). A
concentration of 57.9±3.48U/ml, where control untreated host cellular reaction was observed around the sporocyst.
recorded 29.45±2.32, 12.71±1.67 and 30.67±4.47 U/ml after Heamocytes had made direct contact with the sporocysts
infection for 48h, 10 days,20 days, respectively. MDA where encapsulating reaction was seen surrounding
concentration decreased to 25.26±5.65, 15.89±2.83 and parasite (Figure1c).
8.75±2.06 U/ml after treatment with 1.5 ppm Artemisia After 20 day of infection the developing cercariae
(48h.,10 days, &20 days post infection). take their fate outside snail body across head-foot. A

In the same time its concentration recorded high large number of cercariae succeeded to reach head-foot
depletion to 14.45±1.84 and 16.58±2.43 U/ml after (figure 1d). Small number of capsulated cercariae were
treatment with 3ppm Artemisia (48h., 10 days post observed in the head-foot tissue of treated snails 1.5ppm
infection). Its concentration was highly increased to &3ppm (Figure1e,f). 
37.68±5.56 U/ml with 3ppm Artemisia and after 20 days of Inside the tissues of snails small body reaction
infection. occurred after 48h of untreated snails(Figur2a). Normally

The histlolgical sections examined showed many developing elongated sporocyst with the presence of
parasitic forms with variable degrees of tissue reactions. heamocytes outside the sporocyst was observed. The
Head-foot tissue is the first miracidial pathway to snail. body response increased after treatment of 1.5&3ppm
Figure (1a) disclosed successful penetration of numerous Artimisia(Figure 2b,c), heamocytes infiltration increased
miracidia without tissue response. around sporocysts. After 10 days of infection, redia

Fig. (1b&c) showed mild infection as a result of developed normally (Figure 2,d) inside untreated snail.
treatment with 1.5ppm (Plate1b) and 3ppm(Plate1c). After treatment of 1.5 &3 ppm Artemisia, no redial
Heamocytes infiltration occurred around the developed development  observed  and  the  infection still in the form
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of sporocysts without further development with very antioxidant  enzymes   is   generated  by  intensified
thick cover of heamocytes around undeveloped normal physiological activities. It seems that oxidative
sporocysts. stress can take place either due to increases in metabolic

Figure 2g showed normally developed cercariae after rate as  a  consequence  of  enhanced normal activities
20 days of infection, where dead sporocysts were [31-32].
observed with high heamcytes infiltration with 1.5 ppm The histo-pathological results showed many parasitic
artemesian treatment and degenerated  sporocysts  with forms with variable degrees of tissue reaction in infected
3ppm treatment (Figure2,e&f). untreated samples.The destructive effect of the parasites

After 20 days of infection, the snail tissues showed depend on the degree and the site of infection. Foot
no reaction and normal infection development was represents the most tolerant organ of the snail [33].
observed  in untreated specimen, where parasite occupied Infected untreated snails foots were filled with large
major the digestive gland and ovotestis regions (Figure, number of encysted larvae with a number of amoebocytes
a & d). In the same time, digestive gland and ovotestis of and vacuoles in between the foot muscle fibers after 48h
treated snails showed normal appearance without any of infection and mature cercariae at the end of infection
larval forms (Figure3, b, c, e, and f). cycle inside the snail (20 days). As a result of treatment

DISCUSSION increased and capsulation reaction was seen surrounding

The present results were approximately confirm our After 20 days of infection, a large number of cercariae
expectation that the Artemisia activates the immune take their fate outside snail’s body across head-foot in
system of the snail to kill the larval stages of Schistosoma untreated snails. In the same time, the treated snails had
mansoni. no redial development and the infection no longer in the

After 48h post infection the concentrations of SOD, form of sporocyst with very thick cover of heamocytes, or
GSHP, & MDA were approximately unstable behaved up in degenerated forms. This confirm that the exposure to
and dowen in untreated group. In the same time, after Artemisia especially the 3ppm concentration improves the
treatment with 1.5 & 3ppm Artemesia there were general defense mechanism of the snail. This is in agreement with
depletion in all enzymes concentrations.. Probably, [34] who detected the effects of some fungicides on the
immune system of the host and the larval stages at the immune system of freshwater snail Biomphalaria
beginning of infection interfere and down- regulation of alexandrina.
Schistosome antioxidant enzymes thus shifting the Accordingly, the tissues of untreated snails were
balance towards parasite killing, this resuls is supported filled with developing parasites caused severe damage.
by the result of [27]. After treatment of Artemisia, large number of larval stages

After 10 & 20 days of infection concentration of the were enveloped and their growth stooped.
three studied enzyms decreased after infection The digestive glands and ovotestis of the freshwater
comparable with the uninfected group. GSHP was snails has been observed as the most damaged organ due
constant in the control infected group. In the same time to infection [35]. The larval trematodes utilized the
there was a great depletion in the concentration of MDA digestive gland and the ovotestis as primary sites of
after infection. Generally,all enzymes concentrations infection and when these organs became densely packed
significantly decreased after treatment with 1.5 ppm with deferent stages of developed larvae, some of these
Artemesia and increasd after treatment with 3ppm developmental stages may secondarily invaid the other
Artemesia. organs [35]. They appeared normally after treatment

This may be due to accumulation which is specially with 3ppm concentration.
responsible for the increase in H2O2 and subsequently
SOD, GSHP, & MDA contents, or the presence of the REFERENCES
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