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Abstract: Spirulina platensis micro alga has high protein content and nutritional value. It was used

for many years as human food and animal feed. It excretes variable quantities of products through its

metabolism; some of them have antimicrobial activity. Non-inoculated synthetic medium, culture

suspension, cell free culture filtrate, fresh and dry biomass of Spirulina platensis cells were tested for

their mollscicidal activity against Biomphalaria alexandrina snails the intermediate host of Schistosoma

mansoni in Egypt that accommodates their survival and fecundity. The algal culture filtrate was tested

also for its effect on hatchability of snail's eggs and viability of the free living larval stages of the

parasite (miracidia and cercariae). The culture filtrate proved to have a lethal effect on snails with

90LC  0.23% of the filtrate. B. alexandrina snails stopped egg laying after one week of continuous

exposure to the sublethal concentrations 0.19 and 0.17%, while those exposed to 0.07% laid few ones.

It could be due to the phytochemical constituents of the culture filtrate i.e. total phenolic compounds,

alkaloids and total saponins. This was confirmed by histological examination that showed a severe

damage in the hermaphrodite gland cells of snails exposed to these concentrations. B. alexandrina

eggs of 3 and 7 days old failed to hatch post exposure to 0.1% of algal filtrate, while 22% and 10%

only hatched after exposure to 0.05% of this filtrate. Free cell culture filtrate shows also marked

miracidicidal and cercaricidal activities as 2% of this filtrate killed most of these organisms within

15 minutes of exposure. It is concluded that the byproducts of the blue-green alga Spirulina platensis

has a lethal effect against adult B. alexandria snails, reduced or stopped their oviposition, hence

minimize the snail populations available for the parasite transmission. Therefore it may be a potential

source of effective compounds for control of Schistosoma mansoni.
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INTRODUCTION

The potential uses of algal biomass for the benefit of mankind has been intensively reviewed in the last

few years. Algae are considered to be the most efficient biological system for harvesting solar energy and for

the production of organic compounds via the photosynthetic process. Many species of algae can be induced

to produce particularly high concentrations of chosen compounds(proteins, carbohydrates, lipids and pigments)

that of commercial value (Vonshak, 1997).

Spirulina platensis is a plankton, filamentous, spiral-shaped, multicellular photosynthetic, blue-green

microalga. It is dominating the microflora of alkaline saline waters with pH of up to 11.0 and can exist in

various types of habitats, namely soils; marches, fresh, brackish and seawaters, thermal springs and waters of

industrial and domestic uses. Spirulina platensis chemical composition includes proteins (55%-70%),

carbohydrates (15%-25%), essential fatty acids (18%) vitamins, minerals and pigments like carotenes,

chlorophyll a and phycocyanin (Ciferri,1983). Spirulina is considered as an excellent food, lacking toxicity and

having corrective properties against viral attacks, anemia, tumor growth and malnutrition.It has been reported

as animal and fish food supplements (Becker, 2004).

Other benefits of Spirulina as antifungal (Moore et al., 1984; Clardy et al.,1990), herbicidal compounds

(Entzeroth et al., 1985), larvicidal agent for mosquitos (Ahmad et al., 2004) and biofertilizer (Aly et al., 2004).

Spirulina excretes variable quantities of products from its metabolism such as organic acids, vitamins, and
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phytohormones (Sánchez et al., 2003). Cell extract of S. maxima has shown antimicrobial activity against

Bacillus subtillis, Streptococcus aureus, Saccharomyces cerevisiae and Candida albicans (Abd El-Baky et al.,

2009).

The snail intermediate hosts of schistosomiasis are the sites of intense multiplication of this parasite, thus

their control strategies are considered a priority of the reduction of schistosomiasis transmission (Lardans and

Dissous, 1998). Although chemical molluscicides are to certain extent quite successful in curbing the disease

concerned. However, in view of their side effects, interest in environmentally friendly approaches and use of

biological control agents have been revived (Ahmad et al., 2004).

Phytoplanktons (microalgae) are the primary food for fresh water snails, some species of these microalgae

e.g. Spirulina platensis provide healthy, nutritious food for snails (Thompson, 1988) whereas its culture filtrate

exerts some inhibitory effects upon certain component of the aquatic fauna. So this filtrate that used as a

source of plant growth regulator has a promising characteristic as a biocontrol agent against schistosomiasis

vector snails (Abd El-Baky et al., 2009). 

This study aims to investigate the molluscicidal and larvicidal properties of the microalga Spirulina

platensis against B. alexandrina snails and Schistosoma mansoni free living larval stages. 

MATERIALS AND METHODS

Alga

Alga  Growth Medium, Incubation Conditions and Duration:

Spirulina platensis alga was obtained from the Microbiology Department; Soils, Water and Environment

Research Institute, Agricultural Research Center (ARC), Giza, Egypt. The alga was grown in one liter

Erlenmeyer flasks containing 500 ml of standard synthetic medium (Zarrouk, 1966) under continuous

illumination (2000 lux) and temperature 35�C+ 2�C. After 30 days of incubation. The algal biomass was

separated from the culture medium by primal filtration through Wathman No.1 then filter-sterilized through

0.45 μm filter. 

Culture Growth Parameters (Table 1):

The culture concentration (OD) was determined by spectrophotometer at 560 nm (Leduy and Therien,

1977). The algal biomass was dried according to the method of Vonshak (1986). Chlorophyll-a was determined

spectrophotometrically after extraction by absolute hot methanol (90%) and measured against methanol at three

wave lengths 664, 647 and 630 nm (Fitzgerald, 1971). 

Chemical Analyses of Algal Culture Filtrate and Some Secondary Metabolites Contents (Table 2):

pH, EC, soluble ions, available and total NPK in Spirulina platensis culture filtrate were estimated

according to Jackson (1973). 

The total phenolic liquid-liquid extraction was carried out according to the method described by De Marco

et al. (2007) and estimated by the Folin-Ciocalteu method using Catechol acid as a standard and the

absorbance measured at 725 nm (Singleton et al., 1999). Total saponin was determined by freshly prepared

2 4vanillin reagent (0.7% in 65% H SO ) and absorbance measured at 473 nm (Ebrahimzadeh and Niknam, 1998).

Total  alkaloids content were determined according to Sabri et al. (1973). 

2) Biomphalaria Alexandrina Snails: 

The snails were collected from the irrigation canals in Giza Governorate. They were maintained in the

laboratory for 3 weeks for accommodation, testing for natural trematodes infection and positive ones were

discarded. Healthy snails only were used for experimentation.

Schistosoma Mansoni Eggs and Cercariae: 

The parasite eggs and cercariae were obtained from the Schistosom Biological Supply Center SBSC at

Theodor Bilharz Research Institute (TBRI). Schistosoma eggs were cleaned and hatched to miracidia in small

amounts of dechlorinated water at 25 ±1 C . The cercariae were collected in small amount of dechlorinated o

water and used directly after shedding.

Bioassay:

1-Molluscicidal Tests:

The efficacy of the uninoculated culture medium, culture suspension, cell free culture filtrate, fresh and

dry cells of Spirulina platensis alga against adult snails were determined using a primary concentration of 2%.

Ten snails were added to 200 ml of each solution and kept for 24 hours of exposure at 25 C± 1C  and threeo o
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replicate were run in each case. After that, the snails were thoroughly washed with clean water and transferred

to jars containing fresh water for another 24 hours for recovery. Three control groups of snails were run in

dechlorinated water, without experimented solutions, under the same experimental conditions. Dead snails were

distinguished and counted. The culture filtrate showed a promising effect against B.alexandrina, therefore it

50 90was retested by the same method using descending concentrations. Computation of LC  and LC  values and

the slope function were determined utilizing Litchfield and Wilcoxon (1949) and the statistical program SPSS.

2-Miracidicidal and Cercaricidal Tests:

Five ml of water containing about 100 freshly hatched miracidia or shed cercariae were put in a small

graduated Petri-dish and mixed with the same volume of 4% from the medium of the culture, culture

suspension, fresh dry cells and culture filtrate to get 2 % concentration. About an equal number of miracidia

or cercariae in 10 ml of dechlorinated water were used as control. 

Microscopical observations of the movement and mortality of the miracidia or cercariae were performed

after the exposure.Two replicates were run for each test. Miracidia and cercariae were considered dead when

their motion ceased completely then mortality rates were computed in each case.

3-Effect of Continuous Exposure of Algal Culture Filtrate on Survival of Snails and Their Egg Production:

0 10 25 B. alexandrina snails (8-10 mm) were exposed to LC  (0.07%), LC  (0.17%) and LC (0.19 %) of the

culture filtrate and maintained under laboratory conditions for 4 weeks. For each concentration 50 snails in five

replicates, each of 10 snails / L were used. A control group of 30 snails was used as 3 replicates each of 10

snails/L. Snails were daily fed boiled lettuce leaves, dead snails were removed daily. Each aquarium was

provided with polyethylene sheet for oviposition. Weekly snail mortality and egg production of snails were

determined. 

4-Eeffect of the Continuous Exposure of Algal Culture Filtrate on the Hatchability of B.alexandrina Eggs:

Three groups of eggs, 300 eggs each, were used. Three ages of snail's eggs were used, i.e. one, three and

7 days old. Each group of eggs was divided in three equal subgroups. One subgroup of each age was

maintained in 100 ml clean dechlorinated water in Petri dish as control while the other subgroups (experiments)

were continuously exposed to the same volume of 0.05 %, 0.1% and 0.15% of the tested filtrate. The eggs

were maintained at water temperature of 25 ±1 C throughout the experiment. The eggs were microscopicallyo

examined for embryos  development and hatching ratio daily for 10 days. Hatched and dead eggs in each Petri

dish were counted and ratio of hatchability and mortality of eggs were calculated.

Histology: 

0 10 25 The hermaphrodite gland of snails exposed to LC  (0.07%), LC  (0.17%) and LC (0.19%) was carefully

incised using fine scissors and dropped into a fixative Boun's solution, then sections (5-8 μm) were stained

with Delafield's haematoxyline and eosin according to Mohamed and Saad (1990). Sections of control snail's

hermaphrodite gland were prepared simultaneously. 

RESULTS

Molluscicidal, Miracidicidal and Cercaricidal Activities: 

The medium of the culture, algal suspension, culture filtrate, fresh and dry cells were found to have

molluscicidal effectiveness on B. alexandrina (Table 3). Regarding to the biocidal activity on S .mansoni

miracidia, S. platensis filtrate showed a very toxic effect on miracidia at the concentration used (2%). This

concentration was found to kill 100% of miracidia in one minute while this concentration showed a moderate

cercaricidal activity as it was found to kill 70% of cercariae after 15 minutes.

Culture filtrate showed high lethal activity against B. alexandrina snails as 2 % of the filtrate caused 100%

mortality of snails after 24 hours exposure. Testing lower concentrations of this filtrate against B. alexandrina

50 90snails shows that it has LC 0.20% and LC  0.23% after 24 hours exposure (Table 4).

Effect of Continuous Exposure of Algal Culture Filtrate on Survival of Snails and Their Egg Production.

A)survival:

The average percent mortality per week of the three treated groups of experimental snails is given in table

(5) and the percentage cumulative mortality rate on a weekly basis are shown in Fig (1), the statistical analysis

of the data showed a significant difference in mortality between the control snails and the other groups.
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     (A)       (B)

             (C)

Plate. 1: Section in the hermaphrodite gland of Biomphalaria alexandrina snail: control (A) , exposed to 0.07

% (B) and to 0.17% (C) concentrations of Spirulina platensis culture filtrate.

G=Spermatogonia, T=Spermatid,  Z=Spermatozoa,   I= Oogonia, O=Oocyte   V= vacules       D=degeneration

Table 1: Algal culture growth parameters.

Growth parameters

pH 10.40

OD (nm) 2.544

Dry weight (mgl ) 2630.00-1

Chlorophyll-a (mgl ) 23.48-1

Table 2: Chemical analyses of algal culture filtrate and some secondary metabolites contents.

pH 9.9

EC (dSm ) 23.0-1

Soluble ions in algal culture filtrate (meqL )-1

3 4Ca M g Na K HCO Cl SO++ ++ + + - - --

1.6 5.8 489.5 6.4 390.0 56.2 57.1

Available macronutrients (mgl )-1

3 4 2NO NH NO N P K-- + -

149.5 1.708 35.72 186.928 11.2 652.86

Total macronutrients (mgl )-1

N P K

187.9 300.0 700.0

Secondary metabolites (mgl )-1

Total phenolic com pounds 482.0

Saponins 504.0

Alkaloids 658.9

Table 3: Preliminary testing of Spirulina platensis alga (2%) in different form s against Biomphalaria alexandrina  snails, m iracidia and

cercariae of Schistosoma mansoni.

Form  of alga M ortality %

--------------------------------------------------------------------------------------------------------------------------------------------

B. alexandrina* M iracidia** Cercariae**

Zarrouk’ medium 0 0 0

Algal suspension 70 0 0

Fresh cells 0 0 0

Dry cells 0 0 0

Cell-free culture filtrate 100 100 70

*M olluscicidal activity after 24hr.  **M iracidicidal and cercaricidal activities within 15 m inutes.
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Table 4: Lethal concentrations of Spirulina platensis culture filtrate against Biomphalaria alxandrina 24 hr. post exposure at 25 C.o

10 25 50 90LC LC LC LC Slope

o.17% 0.19% 0.20% 0.23% 1.5

Fig. 1: Cumulative mortality % of Biomphalaria alexandrina continuously exposed to sub-lethal concentrations

of  algal culture filtrate of Spirulina platensis.

b)Fecundity: 

Since the experimental snails were all adult and therefore sexually mature, the effect of the culture filtrate

on the fecundity of snails was carried out. The number of egg laid by treated groups is presented in table (6).

It is evident that the fecundity of the snails exposed to the filtrate was strongly reduced, as all snails survived

post exposure to 0.07% of culture filtrate laid few eggs at the 1  week of the experiment, being 8 eggs only.st

Thereafter, the survived snails did not lay eggs throughout the next 3 weeks. Moreover, snails survived post

exposure to 0.17% and 0.19% ceased egg deposition throughout the experimental period (4 weeks). While

control snails laid 1692 eggs in the same period. 

3- Effect of Culture Filtrate of Spirulina Platensis on Eggs Hatchability:

Data in table (7) indicate the important role of eggs age and the concentrations used in determining the

ovicidal activity of the culture filtrate of S. platensis on B. alexandrina eggs in laboratory. Eggs of 7 days age

were more susceptible than those of 1and 3 day age, so hatchability percent of exposed eggs at concentration

0.05% of 7 days age varied significantly from those of 1and 3 day old reached 10 %, 74 % and 22%

respectively. Moreover, eggs exposed to 0.1% and 0.5% failed to hatch after exposure period (10 days).

However, 96 % hatchability was recorded for control eggs.

The histological effect of exposure to the filtrate on the hermaphrodite gland of B.alexandrina snails

showed a considerable harmful action on gametogenic stages and the connective tissue of gonad's tubules (Plate

1, B&C) compared to control ones (Plate 1,A). Thus, the Oocytes were degenerated in most of the gonad's

tubules and a high diffusion of spermatides and sperms in some tubules lumen was noticed. In addition, an

obvious evacuation was seen in gonad's cells and in their connective tissue.  

Table 5: Effect of continuous exposure to sub-lethal concentrations of algal culture filtrate of Spirulina platensis algae on survivorship

of Biomphalaria alexandrina.

0 10 25 Observation period (week) Control LC  (0.07%) LC  (0.17%) LC (0.19)

----------------------------------------------------------------------------------------------------------------------------------------

                 Snails mortality %

1 0 3 9 33

2 0 11 18 55

3 0 15 31 83

4 2 20 49 100

*Average mortality/week 0.5±1 12.3± 7.1P<0.05 26.8±17.4P<0.05 67.8±29.7 P<0.001

 M ean± standard deviation *

Table 6: Total eggs laid by Biomphalaria alexandrina snails after 4 weeks of continuous exposure to sub-lethal concentrations of

Spirulina platensis culture filtrate. 

0 10 25  Parameter Control LC   (0.07%) LC  (0.17%) LC  ( 0.19)

Total eggs no. 1692 8 0 0
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Table 7: Effect of continuous exposure to low concentrations of Spirulina platensis culture filtrate on hatchability of  Biomphalaria

alexandrina eggs.

Filtrate concentration (%) Hatchability (%) of snail's eggs

--------------------------------------------------------------------------------------------------------------------------------

1 day old 3 days old 7 days old

0.05 74 22 10

0.1                                    0 (egg developed but no hatching)

0.15                                 0 ( eggs neither developed nor hatched)

Control                              96  (eggs hatched to healthy young snails)

DISCUSSION

Although chemotherapy is one of the most valuable methods for the control of schistosomiasis, there is

still a need for more selective and efficient molluscicides for the control of the snail vector (WHO, 2008). In

spite of the powerful effect of culture filtrate of Spirulina platensis microalga as a fertilizer and a source of

plant growth regulator (Aly et al., 2008), polysaccharides, micronutrients, vitamins and amino acids (Sánchez

et al., 2003), the present study stated the potential of this filtrate as a biocontrol agent against Biomphalaria

alexandrina snails an the free living larval stages of Schistosoma mansoni. It is evident that the snail

population greatly affected by the exposure to the culture filtrate of S. platensis (Tables 3,4,5,6 and Fig.1).

The survival and fecundity rates of snails exposed to the algal culture filtrate were highly suppressed. The

high death rates recorded for snails exposed to the culture filtrate, may be due to the presence of the phenolic

compounds, saponins, alkaloids and mineral salts (Table 2) that facilitate and accelerate the rate of penetration

of algal byproducts through snail's skin, hence increase their harmful effects. This harmful effect was clearly

seen in the severe damages to the hermaphrodite gland cells of treated snails. This agree with the results which

2 3 4proved that B.alexandrina maintained at Na CO  or MgSO  suffered from low survivorship and attributed this

to the suppression in the glycogen content, total protein level and the activities of transaminases and

phosphatases in tissues and hemolymph of these snails (Bakry et al., 1999; Mahmoud, 2001). The algae

Clodophora glomeata secretes a substance (acrylic acid), which causes high mortality, low fecundity and low

hatchability of affected snails (Ishac and  Bishai, 1968). The presence of high quantities of acrylic acid in

Spirulina was substantiated at the end of the seventies. This substance shows anti-microbial activity, in a 2

mg/L of biomass concentration.  Propionic, benzoic and mandelic organic acids were also found (Lee, 2004).

Abd El-Baky et al. (2009), indicated that S. platensis secrets organic substances or metabolic products such

as phycobiline, phenols, terponoids, steroids, polysaccharides and saponins. Low concentrations of saponins

fractions increased mortality of B.alexandrina snails, miracidia, cercariae and adult worm of Schistosoma

mansoni and decrease hatchability and egg production (Tadros et al., 2008). The present results showed also

that 2% concentration of the culture filtrate has high miracidicidal and cercaricidal activities as it kills 100%

of these organisms after one and 20 minutes of exposure respectively. Ahmad et al. (2004) found that certain

microalgal chlorophytes were effective larvicides against the mosquito larvae. 

The present results showed that miracidia are more sensitive to that concentration used than cercariae.

These observations are in accordance with the previous ones of Tadros et al. (2006) on the effect of

Actinopyga echinites (marine cucumber) tissue extract that exhibited 100% mortality to miracidia and cercariae

at a concentration of 2.5 ppm within 3 and 5 minutes. Obtained data evidently showed that even lower

concentrations than those already used in field applications [5% concentration has been already used in field

applications as fertilizer (Boussiba, 1988)] if used in snail control operations, they  will kill the free living

larval stages of schistosomiasis (miracidia and cercariae) at the same time that reveals a negative effect on

transmission of the parasite.

It is concluded that culture filtrate of the microalga Spirulina platensis exerted a promising toxic effect

against the snail vector of S.mansoni and the free living larval stages of the parasite at low concentrations.

Therefore certain tests will be carried out to isolate and identify the algal culture filtrate constituents and

evaluate them against the medically important snails.
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