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Abstract

Planktonic samples were collected from two habitats in Giza Governorate, Kafr
Hakem (+ snails) and Sadek canals (- snails). Oscillatoria accuminata and Lyngbya
perelegans were collected from the first location, while Phormidium valderianum,
Spirogyra sp and Lyngbya perelegans were separated from the second one. Nostoc
muscorum was obtained from Theodor Bilharz Research Institute (TBRI) and used in
some experiments as control because it is non toxic. The effect of the previously
mentioned algal species on Biomphalaria alexandrina and Bulinus truncatus snails, the
intermediate hosts of schistosomiasis in Egypt, was studied. Investigations were carried
out on the survivorship (L), fecundity (M,) and reproduction (Rq) of the snails. The
obtained results indicate that O. accuminata, Spirogyra sp and L. perelegans were non
toxic, while P. valderianum was toxic to the two snail species (sublethal concentration
LC, was used in the experiments).

Concerning the survivorship, both snail species fed on O. accuminata had a
higher survival rate than snails fed on other algal species or lettuce. While low survival
rate was recorded in both snail species fed on Spirogyra sp. Fecundity of snails fed on
lettuce (control) showed the highest value, followed by P. valderianum and L. perelegans,
while the lower fecundity value was recorded in snails fed on O. accuminata. Concerning
the net reproductive rate, snails nourished on lettuce recorded the highest value, while
those fed on L. perelegans showed the lowest one.

Chromatographic analysis of P. valderianum extract (using GC/MS) revealed the
presence of toxic and molluscicidaly active components.

Key words: Biomphalaria, Bulinus, cyanobacteria, green algae, schistosomiasis,
snails.

Introduction
Schistosomiasis is considered to be an endemic disease in Egypt. The
latest WHO report (1999) estimated that 652 million are at risk of infection with
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the five schistosome species infecting humans. About 85% of this number is on
the African continent. In Egypt, close to 20 million cases have been reported
(Cheng, 1973; Ayad, 1974). This number is certainly increasing with increasing
population.

The snail intermediate hosts of this endemic disease in Egypt, B.
alexandrina and B. truncatus, have received great attention because of their
essential role in the transmission of schistosomiasis. Thus, the control of the snail
host is fundamental in controlling the disease and this is based essentially on the
concept of the transmission control, i.e. removal of the vector, thus stopping
transmission of the parasite, and the disease would disappear slowly (Davis,
2000).

The different groups of phytoplankton (Chlorophyceae, Cyanophyceae
and Bacillariophyceae) are the commonest diet component for the snail vectors
which influence its reproduction and population dynamics (Rizk et al., 1999).
Cyanobacteria are the principal food source for these snails (Lee et al., 1994;
Ferreira et al., 2000). Blooms of cyanobacteria are widely known to produce toxic
substances which often cause, not only illness and death of animals (ducks, cows,
wildlife, domestic animals) and humans (Dillenberg and Dehnel, 1960; Halderen
et al., 1995; Negri et al., 1995; Frazier et al., 1998; Cronberg et al., 1999;
Kabzinski et al., 2000), but also have poisoning effects on aquatic organisms
including snail vectors (mosquito larvae, copepods, cladocerans and fish (Turell
and Middlebrook, 1988; De Bernardi and Giussani, 1990; Gilbert, 1990; Penaloza
et al., 1990; De Motta et al., 1991; Brusle, 1995; Lincoln et al., 1996; Cronberg et
al., 1999; Zimba et al., 2001).

Certain algal species exhibit potent molluscicidal activity against the snail
vectors of schistosomiasis. Renno (1972) demonstrated that the green alga Chara
vulgaris induce high snail mortality in aquaria. Microcystis forlowiana and
Pseudanabaena forqueti showed a molluscicidal activity against Lymnaea sp
causing the death of these snails at high concentrations (Gevery et al., 1976). In
addition, Falch et al. (1992) and Mohamed et al. (1992) reported that the
cyanobacteria Tolypothrix tjipanasenses and Oscillatoria agardhii had a potent
molluscicidal activity against Biomphalaria glabrata and Melanoides tuberculata,
respectively.

The toxic effects of cyanobacterial endotoxin from Oscillatoria agardhii
were investigated using the crude bloom, the crude bloom extract and pure cell
free extract of the alga against young and mature snails of Melanoides tuberculata
(Mohamed et al.,, 1992). Prolonged exposure of snails to the sublethal
concentration of pure cell free extract (1 mg/L) caused 100% mortality, one week
after exposure, while young snails tolerated the toxic effect of the three tested
extracts.
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This study was performed to investigate the possible influence of four
freshwater cyanobacterial species (O. accuminata, L. perelegans, N. muscorum
and P. valderianum) and the green alga Spirogyra sp which were separated from
habitats where snails are (or not) recorded, on the survivorship, fecundity and
reproduction of B. alexandrina and B. truncatus snails, the intermediate hosts of
schistosomiasis in Egypt. This may help in combating the snail vectors in their
habitats. Some of the previously mentioned species may be used also as food to
maintain the life cycle of the parasite, in order to provide biological material for
the different experimental studies.

Material and Methods
Collection, isolation and identification of cyanobacteria

Samples of plankton were collected using plankton nets with mesh
diameter of 55 ym. from two habitats in Giza Governorate, one harboring the
snail vectors of schistosomiasis (Kafr Hakem canal) and the other free of these
snails (Sadek canal). Samples were then transported to the laboratory.

The mixed algal species in the collected water samples were separated on
solid BGy; medium as described by Stainer et al. (1971) and Bolch and Blackburn
(1996). Unialgal species were obtained by repeated sub-culturing on solid and
then liquid BG;; media. Cyanobacterial species were identified according to
Desikachary (1959), Bourrelly (1970) and Prescott (1978).

The three isolated cyanobacterial species (Lyngbya perelegans,
Oscillatoria accuminata and Phormidium valderianum) and the green alga
Spirogyra sp were used in the experiments. The non toxic Nostoc muscorum was
obtained from the Schistosome Biological Supply Program (SBSP), Theodor
Bilharz Research Institute (TBRI), Egypt and used as control.

Preparation of algal inocula

Cyanobacterial species were cultivated on sterilized soil according to the
method of Liang et al. (1987). About 40 g of wet sterilized soil was placed in the
center of a petri dish and stroked to form a smooth mud. Suitable amount of
unialgal cyanobacterial species was homogenized and 60 ml of distilled water
were added to make a homogenous algal suspension. Aliquots of 0.5 ml of this
suspension were placed in the wet sterilized soil. Petri dishes were then incubated
under continuous illumination (40 Watt white fluorescent lamp) at temperature of
25°C = 2, until algae were grown and ready to be used. After two weeks, the algal
mats were washed with sterile distilled water and then used in the experiments.
Maintenance of Snails

The field snails, B. alexandrina and B. truncates, were kept in aquaria (35
X 25 x 10 Cm) filled with 5 liters of dechlorinated tap water and fed on fresh
leaves of lettuce. The water was changed weekly and died snhails were removed
daily. Lettuce was added twice weekly and removed before decomposition and
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replaced by fresh lettuce. Snails were maintained as such for about one month
before use in the experiments.
Determination of the toxic algal species

To investigate algal toxicity within the four isolated algal species on both
snail types, algae were used in three forms: fresh, dried and crude extract
(sonicated and filtered). A wide range of algal concentrations (50- 10,000 mg/L)
were tested on B. alexandrina and B. truncatus snails. Ten snails of each type
were immersed in 1L of each algal concentration for 24 hours (exposure time)
then transferred to dechlorinated tap water for 24 hours (recovery time). In
controls, the snails were maintained in dechlorinated tap water. Experiments were
carried out in triplicates. Percentage of snail mortality was recorded, and
accordingly non-toxic or toxic algal species were determined.
Determination of LCqy , LCsq and LC, of P. valderianum

An additional experiment with the same previous strategy was carried out
using concentrations 1000-10,000 mg/L of P. valderianum. Determination of the
algal concentration which induce the death of 90% and 50% (LCgy & LCsp) of
snails were established and LC, (sub-lethal concentration) was calculated as 1/10
of LCs, which was used in all experiments dealing with the effect of this alga on
the different snail vital activities.
Effect of low sublethal concentrations (LC,) of the toxic P. valderianum and the
non toxic species L. perelegans, O. accuminata and Spirogyra sp on the
survival, fecundity and net reproductive rates

300 adult laboratories bred B. alexandrina (8 - 10 mm in diameter) and 300 B.
truncatus (8 -10 mm in height) snails were used in this experiment. Each 10 snails
were transferred to a plastic aquarium (20 x 9.5 x 7 Cm) containing 1 liter of
dechlorinated tap water. The toxic P. valderianum LC, (sublethal concentration)
was added and N. muscorum was used as control. In other experiments, 0.5 g of
each of the non toxic algal species was added to the aquaria twice weekly and
lettuce was used as control. For the collection of egg masses, polyethylene sheets
were placed on the surface of each aquarium. Dead snails were removed from the
aquaria every day and their number in each aquarium was recorded. The egg
masses laid by the snails were collected from the aquaria every three days and
counted using a light microscope and the water was changed weekly. The total
number of survived snails at the beginning of the week and eggs laid by exposed
and control snails were calculated and recorded at the end of the week, according
to Chaudhry and Morgan (1987), El-Hawary (1990) and Ragab (1996).

The survival rate (L,) was recorded weekly and calculated by dividing the
number of living snails in any week by the original number of snails as a fraction
of 1.0 (100% survival).

The fecundity (M,) (egg laying capacity) expressed as number of
eggs/snail/week (E/S/W), was determined by dividing the total number of laid
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eggs every week by the total number of living snails at the beginning of each
week.

The net reproductive rate (R,) is the summation of LM (the product for each
week) of the exposed snails throughout a definite period and was determined
according to Bakry and Sharaf EI-Din (2000).

Chromatographic analysis

A known weight of lyophilized P. valderianum was extracted with 90%
methanol, evaporated till dryness and the residue was redissolved in 2 ml of the
solvent. Silylation was carried out using Trimethylsilyl-ether and 2 pl of the
extract was injected in gas chromatography / mass spectrometer (GC/MS). Total
ion chromatogram as well as the isolated components, at definite retention times,
were recorded and their biological activies were determined.
Statistics

All data are means of at least 3 replicates. ANOVA analysis was
performed to calculate standard deviation (S.D.) and significance at P > 0.05,
using SPSS version 10.0 for windows (SPSS Inc., 1999). Mortality regression
lines were established by probit analysis program according to Lauren-Maatta et
al. (1995) and Giovanelli et al. (2001).

Results

The obtained results from the algal toxicity experiments revealed that all
algal species in all forms are not toxic (no snail mortality was recorded), except
for P. valderianum crude extract which induced snail mortality (percentage of
toxicity increased with concentrations). Snails of B. truncatus were more sensitive
than those of B. alexandrina. L. perelegans, O. accuminata and Spirogyra sp were
shown to be non-toxic to both snail species. LCqy and LCs, were determined (Fig.
1) and LC, was calculated and used for further experiments.

Survival rate (L,) of B. alexandrina and B. truncatus snails are shown in
Fig. 1, which indicates that snail species fed on O. accuminata had a higher
survival rate than snails fed on other types of cyanobacteria, green alga or lettuce.
Low survival rate was observed in both snails species fed on Spirogyra sp (green
alga).

B. alexandrina fed on lettuce (control) showed the highest fecundity value
(M,) (77.2 E/SIW), at the 4" experimental week (Fig. 2A), followed by snails fed
on the cyanobacterium, P. valderianum (55.4 egg/snail/week), at the 10" week
and L. perelegans (36.8 E/S/W), at the 9" week, then those fed on Spirogyra sp
(green alga) (34.9 E/S/W), at the same experimental period. The lowest fecundity
value was recorded in snails fed on N. muscorum (30.6 E/S/W), at the 8% week,
and O. accuminata (30.0 E/S/W), at the 10" experimental week (Fig. 2A).

In B. truncatus snails, the highest fecundity value (21.1 E/S/W) (Fig. 2B)
was observed in snails fed on L. perelegans, at the 4™ week, followed by snails in

Egyptian J. of Phycol. Vol. 6, 2005 -77 -



Sanaa M. M. Shanab et al.

---x-- Lettuce —-=-- Lyngbya —o— Oscillatoria
- - — Spirogyra —x— Nostoc — - — Phormidium
1.2
1] (Al

0.4 |

Survival rate (Lx)
(=3
(=)

0 2 4 6 8 10 12

Time (weeks)

1.2

[B]

0.8

0.4 -

Survival rate (Lx)
<
o)}

0.2

Time (weeks)

Figure (1): Survivoship of Biomphalaria alexandrina [A] and Bulinus truncatus [B]
snails fed on different algal species for 10 weeks.
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Figure (2): Fecundity of Biomphalaria alexandrina [A] and Bulinus truncatus
[B]snails fed on different algal species for 10 weeks.
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the control group, fed on lettuce, (20.5 E/S/W), at the 10" week and that of Ph.
valderianum at 10% week (20.0 E/S/W) followed by O. accuminata (16.5 E/S/W)
at the 4% week. While, the lowest fecundity was recorded in snails fed on
Spirogyra sp (13.8 E/S/W) at the 3" week and on N. muscorum (9.9 E/S/W) at the
7" week of the experiment.

The highest value of the total number of B. alexandrina eggs was
observed in snails fed on lettuce (21313 eggs) (Fig. 3A), while the lowest value
was recorded in snails fed on O. accuminata (4786 eggs). However, the mean
number of eggs/egg mass was not significant in the two groups of snails.
Meanwhile, snails fed on P. valderianum showed moderate number of eggs
(11364 eggs), while Spirogyra sp or N. muscorum showed a lower value of the
total number of eggs (6833 and 5871 eggs, respectively).

The total number of B. truncatus eggs laid by the control snails fed on
lettuce was significantly higher (6026 eggs) than that of snails fed on the other
types of food (Fig. 3B). On the other hand, the total number of eggs was higher in
snails fed on O. accuminata (4940 eggs) when compared to other groups fed on
other cyanobacteria species. Meanwhile, the value of the total number of eggs in
snails fed on N. muscorum was lower (2347 eggs), while, in snails fed on the
sublethal concentration (LC,) of the toxic P. valderianum, the total number of
eggs did not decrease as much (3484 eggs). Moreover, in snails fed on Spirogyra
sp (green alga), the total number of eggs (3762 eggs) was higher than that of
snails fed on Nostoc or Phormidium.

The pattern of the net reproductive rate (R,) of B. alexandrina is shown in
(Fig. 4A). The highest value was recorded in snails fed on lettuce (403.01),
followed by that fed on P. valderianum (202.90), but in case of snails fed on
Spirogyra sp and L. perelegans the value of (R,) was in between (120 and 103.2,
respectively). Comparable results was obtained in snails fed on N. muscorum
(102.1), used as control, while the lowest value was observed in snails fed on O.
accuminata (82.2).

Regarding the net reproductive rate (R,) of the control and treated B.
truncatus snails (Fig. 4B), the results revealed that the control fed on lettuce
exhibited the highest net reproductive rate (114.93), followed by snails fed on O.
accuminata (91.28). On the other hand, the net reproductive rate decreased in
snails fed on N. muscorum (44.29) used as control compared to the group fed on
P. valderianum (69.71).

Chromatographic analysis of P. valderianum extract (using GC/MS)
revealed the presence of different toxic and molluscicidaly active components
(pyridine, pyrazine, octadecenoic and hexadecanoic acids) in the extract (Table 2
and Figs. 5 and 6) which may be the cause of the previously recorded toxic effects
(Table 1).
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Figure (3): Total number of eggs laid by Biomphalaria alexandrina [A] and Bulinus
truncatus [B] snails fed on different algal species for 10 weeks.
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Figure (4): Net reproductive rate of Biomphalaria alexandrina [A] and Bulinus
truncatus [B] snails fed on different algal species for10 weeks.
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Figure (5): Chromatographic analysis using GC/MS of Phormidiu valderianum
methanol extract. (A) Total ion chromatogram, (B) Fragmentation pattern of
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Table (1): Determination of LCsy and LCgg of Phormidium valderianum on (A)
Biomphalaria alexandrina and (B) Bulinus truncatus snails

(A)
. Experimental snails
Concentration
Number of Number of .
(mg/L) . . _ % Mortality*
Dead snails | Survived snails
500 0 30 0
1000 0 30 0
3000 7 23 23.3
4000 7 23 23.3
5000 15 15 50.0
6000 16 14 53.3
7000 18 12 60.0
8000 21 9 70.0
9000 30 0 100
B)
) Experimental snails
Concentration
Number of Number of ]
(mg/L) . . _ % Mortality*
Dead snails | Survived snails
500 1 29 3.3
1000 2 28 6.6
3000 8 22 26.66
5000 16 14 53.3
6000 19 11 63.3
7000 20 10 66.6
8000 22 8 73.3
9000 30 0 100

* % mortality of control snails = 13.3%
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Table (2): Separated biologically active components of Phormidium valderianum

methanol extract by GC/MS

Peak | Retention Quantity Separated Biological References
No time (%) compounds Activity*
1 341 3.33 dithiane-carboxylic T Abderrabi et al.
acid (1996)
2 4.04 29.76 Crotonic acid T Solovskii et al.
derivative (2000)
4 34.15 2.56 Dihydroxy- T Saunders et al.
cyclopentene (1985)
5 34.55 9.19 Hexadecanoic acid T Choo et al.
6 34.65 3.65 (2001)
9 37.24 2.65 Pyridine, T M Nawwar et al.
piperidinyl-ether (1994) and
Puder et al.
(2000)
10 38.20 7.06 Octadecenoic acid T Choo et al
(2001)
12 44.83 3.96 Pyridine T,M&A | Fathallaetal.
carboxaldehyde (2000) and
Hirano et al.
(2000)
13 48.50 2.54 Pyrazine derivative T Dolezal et al.
(2003)

*T = toxic effect, M = molluscicidal activity, A = Anthelmintic activity

Discussion

The majority of investigators, studying the effect of food on snails,
pointed out that the type of food on which snhails are maintained has a great
influence on their survival rate, egg production and growth. Ferreira et al. (2000)
demonstrated that the survival rate as well as the number of generations, per year,
of B. truncatus snails, fed on O. formosa, increased significantly. This agrees with
the present result which demonstrates that B. truncatus and B. alexandrina snails
fed on O. accuminata had the highest survival rate among snails fed on the
different types of food used in this study, allover the course of the experiments.
Lettuce, also, supported a good survival rate of both snail species. This is in
agreement with the findings of Claugher (1960) who claimed that the most useful
food for all freshwater snails is dried lettuce.

In the present work, it was observed that B. alexandrina and B. truncatus
snails had a high egg laying capacity and net reproductive rate when fed on
lettuce. This coincides with the findings of El Assal et al. (1992) who found that
B. truncatus snails, fed on lettuce only, showed a higher egg production and a
higher life span than snails fed on other types of food. Also, it concurs with the
results of Thompson (1984) who demonstrated that fresh lettuce leaves are the
most satisfactory food source for maintaining stock colonies of B. glabrata.
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However, Rizk et al. (1999) found that the market food, rabbit pellets, was the
most suitable food for the laboratory maintenance of B. alexandrina and exhibited
an increase in egg production, growth rate, hatchability and survival rates of snails
than other foods. Also, Madsen and Frandsen (1980) claimed that the breeding
and maintenance of B. glabrata and B. truncatus snails fed on a diet rich in
protein produced about three times more eggs and more clutches per snail than
those fed on lettuce only. Similar observations were reported by EI-Emam and
Madsen (1982) and Belfaiza et al. (2004) who stated that egg laying and shedding
of cercariae were relatively low in B. alexandrina, B. truncatus and Galba
truncatus snails fed on lettuce only.

The cyanobacteria L. prelegenus, O. accuminata, N. muscorum and P.
valderianum have been used as food for B. truncatus and B. alexandrina snails, in
the present study. N. muscorum gave the lowest value of total egg number
produced by snails and net reproductive rate, when used as food for both snail
species. This is in contradiction with the findings of Rizk et al. (1999) who stated
that the reproduction of adult B. alexandrina snhails fed on N. muscorum was
better than that of snails fed on lettuce and confirmed that alga is considered as a
useful diet of high nutritional value for snail fecundity. Moreover, O. accuminata
and P. valderianum afforded, in this study, a great value for egg laying capacity of
snails and net reproductive rate than other species of cyanobacteria. This
corresponds with the results of Ferreira et al. (2000) that have shown that B.
truncatus snails fed on O. formosa reached sexual maturity earlier and had more
egg masses per snail. It, also, agrees with the findings of Thompson (1984) who
demonstrated that B. glabrata snails maintained on Spirulina sp (cyanobacterium)
became more reproductively active and laid more eggs during the ten weeks of the
experimental period. The present results are, also, in accordance with the results
recorded by Ismail and Haroun (2001) who demonstrated that both snail species
fed on cyanobacteria, for 16 weeks, had a higher egg laying capacity and survival
rate than those fed on other foods (fish food, rat food and dried lettuce leaves).

In the water body, different groups of phytoplankton (Chlorophyceae,
Cyanophyceae and Bacillariophyceae) and zooplankton are the main source of
food for snail vectors. Algae seem to be the commonest diet component of the
snail vector of schistosomiasis.

Certain  cyanobacterial species may produce toxic substances
(molluscicidal activity) which often cause poisoning or death not only to animals
and humans but also to aquatic organisms including snail vectors. Some species of
the same genera may exert beneficial effect or have nutritive value for snails
while other species have potent molluscicidal effect causing the death of these
snails. The overall effect of algal community of a water body depends on the
dominant species (which depend on the ecological and seasonal variation)
together with the allelopathic effects of other aquatic organisms of the water flora.
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Chromatographic analysis of P. valderianum extract by GC/MS separated
different components including short (Crotonic acid), median (Nonanoic acid) and
long chain saturated (Hexadecanoic acid Cys : 0) and unsaturated (Octadecenoic
acid Cyg : 1) fatty acids which have toxic activity (Solovskii et al, 2000; Choo et
al, 2001) together with nitrogen containing organic compounds (Pyridine,
Piperidine and Pyrazine) which have demonstrated anthelmintic and moluscicidal
activities (Nawwar et al., 1994; Puder et al., 2000; Tarafder et al., 2002; Dolezal
etal., 2003).

References

Abderrabi, M.; Marchal, S.; Merlin, J.L. (1996). Comparative in vitro
evaluation of dithiane analogs of tiapamil, Ro 11-2933, Ro 44-5911 and
Ro 44-5912 as multidrug resistance modulators. Anticancer-Drugs, 7(4):
430-436.

Ayad, N. (1974). A short review of the epidemiology of schistosomiasis in
Africa. Egypt. J. Bilh., 1: 9-19.

Bakry, F. A. and Sharaf EI-Din, A. T. (2000). Effect of some sublethal
concentrations of Bayluscide against Biomphalaria alexandrina. J. Egypt.
Ger. Soc. Zool., 31: 15-25.

Belfaiza, M.; Abrous, M.; Rondelaud, D.; Moncef, M. and Dreyfuss, G.
(2004). The use of Tetraphyll as food for snails increases the intensity of
cercarial shedding in Galba truncatula infected with Fasciola hepatica.
Parasitology-Research, 94 (2): 86-90.

Bolch, C. J. S. and Blackburn, S. I. (1996). Isolation and purification of
Australian isolates of the toxic cyanobacterium Microcystis aeruginosa
Kutz. J.Appl. Phycology, 8: 5-13.

Bourrelly, P. (1970). Les algues d’eau douce. Initiation a La systemique Tome
I11. Les algues bleues et rouges. Editions N.B. Boubee and Cie, 512 pp.

Brusle, J. (1995). The impact of harmful algal blooms on finfish occurrence of
fish kills. Paperes-Ocean, 10: 1-75.

Chaudhry, A. M. and Morgan, E. (1987). Factors affecting the growth and
fecundity of Bulinus tropicus (Krauss) (Gastropoda). J. Moll. Stud., 53:
52-61.

Cheng, C. T. (1973). The Digenetic Trematodes. In: General Parasitology.
Academic Press, New York, London, 12: 416-425.

Choo, C. Y.; Chan, K.L.; Sam, T. W.; Hitotsuyanagi, Y. and Takeye, K.
(2001). The cytotoxicity and chemical constituents of the hexane fraction
of Typhonium flagelliforme (Araceae). J. Ethnopharmacol., 77 (1): 129-
131.

Claugher, D. (1960). The transport and laboratory culture of snail intermediate
hosts of Schistosoma haematobium. Ann. Trop. Med. Parasitol, 54: 333.

Egyptian J. of Phycol. Vol. 6, 2005 - 88 -



Effect of Some Algal Species on the Snail Intermediate Hosts of Schistosomiasis in Egypt 1. Survival, .......

Cronberg, G.; Annadotter, H. and Lawton, L. A. (1999). The occurrence of
toxic blue green algae in lake Ringsjon, Southern Sweden, despite
nutrient reduction and fish biomanipulation. Hydrobiologia, 404:123-129.

Davis, A. (2000). Global control of schistosomiasis. Trans. Roy. Soc. Trop. Med.
Hyg., 94: 609-615.

De Bernardi, R. and Giussani, G. (1990). Are blue green algae a suitable food
for zooplankton: An overview. Hydrobiologia, 200/201: 29-41.

De Motta, W. R.; Zang, Q. X. and Carmichael, W. W. (1991). Effect of toxic
cyanobacteria and purified toxins on the survival and feeding of a
copepod and three species of Daphnia. Limnology and Oceanography,
36: 1346-1357.

Desikachary, T. V. (1959). Cyanophyta. In: Indian Council of Agriculture
Research, Bombay, India.

Dillenberg, H. O. and Dehnel, M. K. (1960). Toxic water-bloom in
Saskatchewan. Can. Med. Assoc., 83: 1151-1154.

Dolezal, M.; Jampilek, J.; Osticka, Z.; Kunes, J.; Buchta, V. and Vichova, P.
(2003). Substituted 5-aroylpyrazine-2 carboxylic acid derivatives:
synthesis and biological activity. Farmaco., 58 (11): 1105-1111.

El-Assal, F. M.; EI-Gindy, H. I.; Roushdy, M. Z. and Fahmy, Z. H. (1992).
Studies on the optimal conditions for breeding, maintenance and infection
of snail vectors of Schistosoma mansoni and S. haematobium. I. Effect of
crowding, water volume and diet on the egg production and survival rate
of reared snails. J. Egypt. Ger. Soc. Zool., 8B: 135-157.

ElI-Emam, M. and Madsen, H. (1982). The effect of temperature, darkness,
starvation and various food types on growth, survival and reproduction of
Helisoma duryi, Biomphalaria alexandrina and Bulinus truncatus
(Gastropoda: Planorbidae). Hydrobiologia, 88: 265-275.

El-Hawary, A. A. (1990). Some ecological and physiological studies on
freshwater pollution and its relationship with distribution of snail
intermediate hosts of schistosomiasis in Egypt. M.Sc. Thesis, Faculty of
Science, Cairo University.

Falch, B. S.; Konig, G. M.; Wright, A. D. and Sticher, O. (1992). Antibacterial
and cytotoxic compounds from the blue green alga Fischerella ambigua.
Planta Med., 58: 654-655.

Ferreira, M. F.; Delgado, M. L.; Seixas, L. A. M. and Sampaio-Silva, M. L.
(2000). Optimum conditions for growth in liquid medium Oscillatoria
formosa Bory used as the principle food in laboratory culture of
intermediate hosts for schistosomiasis and fasciolosis. Parasitol., 7: 227-
231.

Egyptian J. of Phycol. Vol. 6, 2005 -89 -



Sanaa M. M. Shanab et al.

Frazier, K.; Colvin, B.; Styer, E.; Hullinger, G. and Garcia, R. (1998).
Microcystin toxicosis in cattle due to over growth of blue green algae.
Vet. Hum. Toxicol., 40: 23-24.

Gevery, J.; Michel, S. and Euzeby, T. (1976). Mise en evidence de la toxicité
d’un complexe algal sur la faune aquatique. Vet. Med. Comp. Lyon,74:
191.

Gilbert, J. J. (1990). Differential effects of Anabaena affinis on Cladocerans and
Rotifers: Mechanisms and implications. Ecology, 71: 1727-1740.
Giovanelli, A.; da Silva, C. L.; Medeiros, L. and de Vasconcellos, M. C.

(2001). The molluscicidal activity of the latex of Euphorbia splendens
var. hislopii on Melanoides tuberculata (Thiaridae), a snail associated
with habitats of Biomphalaria glabrata (Planorbidae). Mem. Inst.

Oswaldo Cruz., 96 (1): 123-125.

Halderen, A.; Harding, W. R.; Wessels, J. C.; Schneider, D. J.; Heine, E. W.
P., Merwe, J. and Fourie, J. M. (1995). Cyanobacterial (blue green
algae) poisoning of livestock in Western Cape Province of South Africa.
J. South Afr. Veter. Ass., 66: 260-264.

Ismail, N. M. M. and Haroun, N. H. (2001). effect of various foods on
Biomphalaria alexandrina and Bulinus truncatus and their susceptibility
to Schistosome miracidia. J. Egypt. Soc. Parasitol., 31(3): 939-952.

Kabzinski, A. K. M.; Juszczak, R.; Miekos, E.; Tarczynska, M.; Sivonen, K.
and Rapala, J. (2000). The first report about the presence of
cyanobacterial toxins in polish lakes. Polish J. Environ. Studies, 9: 171-
178.

Lauren-Maatta, C.; Hietala, J.; Reinikainen, M. and Walls, M. (1995). Do
Microcystis aeruginosa toxins accumulate in the food web.
Hydrobiologia, 304: 23-27.

Lee, C. G.; Kim, S. K. and Lee, C. Y. (1994). Rapid growth of Lymnaea viridis,
the intermediate host of Fasciola hepatica, under laboratory conditions.
Vet. Parasitol., 51: 327-331.

Liang, Y. S.; Bruce, J. I. and Boyd, D. A. (1987). Laboratory cultivation of
schistosome vector snails and maintenance of schistosome life cycles.
Proc. 1* Sino-American Symp., 1: 34-48.

Lincoln, R. A.; Strupinski, K. and Walker, J. M. (1996). The use of Artemia
nauplii (brine shrimp larvae) to detect toxic compounds from microalgal
cultures. Int. J. Pharmacognosy, 34: 384-389

Madsen, H. and Frandsen, F. (1980). An additional food for laboratory culture
of some species of freshwater pulmonate snails. Ann. Trop. Med.
Parasitol., 74: 259-261.

Mohamed, A. M.; Jamel Al-Layl, K. S. and Jamal Al-Lail, S. S. (1992). Toxic
effects of the fresh water cyanobacterium Oscillatoria agardhii (blue

Egyptian J. of Phycol. Vol. 6, 2005 -90 -



Effect of Some Algal Species on the Snail Intermediate Hosts of Schistosomiasis in Egypt 1. Survival, .......

green algae) on the snail Melanoides tuberculata (Muller). J. Egypt. Ger.
Soc. Zool. (Invertebrate & Parasitology), 9D: 223-235.

Nawwar, G. A.; Swellem, R.H.; Ibrahim, A. M. (1994). Oxazole, pyrazole and
piperidine derivatives having an o. hydroxyaryl moiety with anticipated
molluscicidal activity. Arch-Pharm-Res.17 (2): 66-70.

Negri, A. P.; Jones, G. J. and Hindmarsh, M. (1995). Sheep mortality
associated with paralytic shellfish poisons from the cyanobacterium
Anabaena circinalis. Toxicon-Oxford, 33: 1321-1329.

Penaloza, R.; Rojas, M.; Vila, I. and Zambrano, F. (1990). Toxicity of a
soluble peptide from Microcystis sp to zooplankton and fish. Fresh Water
Biology, 24: 233-240.

Prescott, G. W. (1978). How to know the fresh water algae? WMC Brown
Company Publishers Lowa pp. 12-267.

Puder, C.; Krastel, P. and Zeeck, A. (2000). Streptazones A, B(1), B(2), C and
D: new piperidine alkaloids from streptomycetes. J.Nat.Prod., 63 (9):
1258-1260.

Ragab, F. M. (1996). The role of adjuvants on the activity of certain
molluscicides against snail intermediate hosts of schistosomiasis in Egypt.
Ph.D. Thesis Agricultural Science, Cairo University.

Renno, R. (1972). Contribuico aoestudo das characeae parao cambate a e
squistosome. Ann. De la Real Academi de Farmacia, 38: 688.

Rizk, A.; Mantawy, M. I. and Abdel-Hamid, A. Z. (1999). Bait formulations
from freshwater algae containing a potent molluscicide for control of
schistosomiasis. Egypt. J. Bilh., 21: 113-123.

Solovskii, M.V.; Zaikina, N.A.; Okulova, N.V.; Belokhvostova, A.T. (2000).
The antimicrobial activity and acute toxicity of the polymer salts of
gentamycin. Antibiot. Khimioter., 45(6): 10-12.

SPSS Inc. (1999). SPSS release version 10.0 for windows. SPSS Inc.

Stainer, R. Y.; Kunisava, R.; Mandel, M. and Cohen-Bazire, G. (1971).
Purification and properties of unicellular blue green algae (Order:
Chroococcales). Bact. Rev., 35: 171-205.

Tarafder, M. T.; Kasbollah, A.; Sara-vanan, N.; Crouse, K. A.; Ali, A. M.
and Tin-Oo, K. (2002). S-methyldithiocarbazate and its Schiff bases:
Evaluation of bonding s and biological properties. J. Biochem. Mol. Biol.
Biophys., 6 (2): 85-91.

Thompson, S. N. (1984). Spirulina as a nutrient source in experimental media for
maintaining the schistosome vector Biomphalaria glabrata. Ann. Trop.
Med. Parasitol., 78: 547-548.

Turell, M. J. and Middlebrook, J. L. (1988). Mosquito inoculation: An
alternative bioassay for toxins. Toxicon, 26: 1089-1094.

Egyptian J. of Phycol. Vol. 6, 2005 -91 -



Sanaa M. M. Shanab et al.

W.H.O. (1999). Report of the WHO Informal Consultation on Schistosomiasis
control. Geneva, 2 — 4 December 1988. Geneva World Health
Organization. WHO/CDS/CPC/SIP/99.2

Zimba, P. V.; Khoo, L.; Gaunt, P. S.; Brittain, S. and Carmichael, W. W.
(2001). Confirmation of catfish, Ictalurus punctatus (Rafinesque),
mortality from Microcystis toxins. J. Fish Dis., 24: 41-47.

saa b L gl (el A8 a8) g8 o clladal) £ gil lany il
JS\SSS\JU'A;\,\S\ &‘.‘Ju"" stﬁ\ ﬁgﬂ\‘fb }‘:EN\ LK P |

Soyadl gl daad el COluadl dana 8 3 Ll e 3 gana gl
3‘_’.‘9 dgana dy a8
5 Al acsd 25 1016l drala - p plell S - ) gl ale ansd F5 jala)] drals - a pled] S - Liil] Ak
T o plgls 5 547 dgma -Aphal] il 53 )

il gal Gy e i all 138 B 5 ¢ goma (8 el bl RS Lo Ll (i e JS
LSS 5 Gl gy 5 L 5oi 1 )3l 5 081 8 (8 5 Jodhall 13 Adagus 1)

L Laalaa 3 joadl Adadlae 6 (il (e Cannd) 138 (8 Aediiusal) pladal) Ciligall aan o
QA e AA a5 (3oba 5L A 5 aSa S LS A 5 L Ll (il ALY o8 )

o o Lty S 8L (a5 Ll 5 Wiline 5:S) L) 5530 ) (lada Jucad o3
) Sl s Goagy 5 (Balia Bl (e | g ) g iy o Lualll g by )alld e 5ill llada
bl a8 e Lagliyl Cum e L Ll (2 ye L 181 i) e g5 e Calladall oda s Al )
Legd S 5 panll pa 5 Jane

Sl 5 Al g ) a8 &8l sl e g5 e Ay jrall agdadall o )l Al 0
g5 5 (omsomnY) s Luill) 5 L) s 5W1) dslis il g1 53] Gt 3 LS aliina b ) gom
il 5 eclaill b adaiiul ol 5 LCpaie Cipeall cand 1S il (e 5 (arey sill) Aludl
bl cle genall 8 el gl alade 5 Gl G) )

o Jane Aol | el Uilive 581 Ly 53 g1 (e cudad ) o8 gl e o of i) sl
e elall Jaad A J8 culS 5 5 AN dpdadall £ ) e s i) a8) 8l e slal) e ola)
2 s Sl Jama e o gl @ yedal LS ) jun s ued) e cdad 3 #8) 8ll e 53 A 3lal)
Ula 8) L sl sV e i Ll 280 8l & LS Jame J81 Laiy Gedld) e cidas ) o8 5dl)
(0S5 5 i ) Al 8 Lull) e (L )il ) aa sl

(GCIMS) plasinly aily o llé anse ) sill Cadada Galiiad (A sila g )SI) Jolail) bl
8058l alas g ol ol il Sl S d g g

Egyptian J. of Phycol. Vol. 6, 2005 -92.



