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INTRODUCTION

It is well known that Bithynia siamensis goniomphalos (Gas-
tropoda, Bithyniidae) snails are an important first intermedi-
ate host of many trematodes, including the human liver fluke, 
Opisthorchis viverrini [1,2]. General methods for preventions 
and controls of human parasitic diseases are health education, 
diagnostic technique, chemotherapy, environmental manage-
ment, sanitation, and water supply, including the snail control 
[3]. However, each method has limitations such as misunder-

standing, economics, geographical characteristics, drug resis-
tance, and so on. Another choice of parasite control is to cut 
the life cycle which is focused in snails.

They are many methods to control snails, physical control 
[4], ecological control [5], and biological control [6]. These 
previous methods could not be used now or had less effective-
ness; therefore, chemical control methods remain for use in 
the community. Although many molluscicides had been re-
ported such as copper sulfate [7], endosulfan [8], and baylus-
cide [9] but they had toxic effects on fish, water plants, and 
small organisms. Many researchers tried to use others includ-
ing plants which are available in the community and less toxic 
effects on humans, aquatic animals, and plants.

It has been known that some plants, such as the soap berry 
endod (Phytolacca dodecandra), the Indian rosewood (Dalbergia 

sissoo), the headed savory (Thymus capitatus), and the white 
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Abstract: The present study was performed to observe histopathological changes in tissues of Bithynia siamensis goni-
omphalos (Gastropoda, Bithyniidae) incubated in crude extract solutions of camellia (Camellia oleifera) seed and mango-
steen (Garcinia mangostana) pericarp, and furthermore to estimate the molluscicidal effects of 2 plant substances. Sub-
stantial numbers of bithyniid snails were incubated in various concentrations of 2 plant solution for 24 hr. As the positive 
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that both camellia and mangosteen extracts had molluscicidal effects at 24 hr with 50% lethal concentration (LC50) at 
concentrations of 0.003 and 0.002 g/ml, respectively, while niclosamide had LC50 at concentrations 0.599 ppm. B. sia-
mensis goniomphalos snail tissues (foot, gill, and digestive system) showed disruption of columnar muscle fibers of the 
foot, reduction of the length and number of gill cilia, numerous mucous vacuoles, and irregularly shaped of epithelial cells. 
Irregular apical and calciferous cells, dilatation of the digestive gland tubule, and large hemolymphatic spaces, and irregu-
lar apical surfaces, detachment of cilia, and enlargement of lysosomal vacuoles of epidermis were also shown in all groups. 
By the present study, it is confirmed that 2 plants, camellia and mangosteen, are keeping some substance having mollus-
cicidal effects, and histopathological findings obtained in this study will provide some clues in further studies on their ac-
tion mechanisms to use them as natural molluscicides.
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horehound (Marrubium vulgare), retain the molluscicidal sub-
stance and then they were traditionally used in the snail con-
trol of schistosomiasis [10-12]. Camellia (Camellia oleifera) 
seed is one of the plants that department of fisheries recom-
mended to use for killing snails. In tropical countries includ-
ing Thailand, mangosteen (Garcinia mangostana) can be found 
in the raining season and its pericarp becomes a waste prod-
uct. Several pharmacologists or researchers want to clarify its 
properties. They found that G. mangostana pericarp had many 
properties such as antibacterial [13], antifungal [14], and an-
thelmintic activities [15]. In the present study, histopathologi-
cal changes were observed in tissues of B. siamensis goniompha-
los incubated in crude extract solutions of camellia seed and 
mangosteen pericarp, and to estimate the molluscicidal effects 
of the 2 plant substances.

MATERIALS AND METHODS

Snails used, B. siamensis goniomphalos
B. siamensis goniomphalos snails were collected from a fresh-

water reservoir in an endemic area of Khon Kaen, northeast 
Thailand. B. siamensis goniomphalos snails were identified using 
standard morphological guidelines [16,17]. Snails were allowed 
to acclimatize under laboratory conditions for 3 days before 
experiments. Only active snails were used in the experiment.

Preparation of mangosteen pericarp solution
Samples of fresh mangosteen pericarp were washed and in-

cubated at 60˚C for 24 hr. Then, 50 g of dried mangosteen peel 
was mixed well with 500 ml distilled water using a magnetic 
stirrer, and filtered through a 0.45 µm filter paper.

Preparation of camellia seed solution
Camellia seed (10% saponin) was purchased from Ekyo-

ngyut Co. (Samut Sakhon, Thailand). Ten g of camellia seeds 
were dissolved in 100 ml of distilled water and then mixed 
well using a magnetic stirrer. This stock solution was prepared 
for 1:10 v/v, 1:100 v/v, 1:1,000 v/v, 1:10,000 v/v, 1:100,000 v/v, 
and 1:1,000,000 v/v, respectively.

Preparation of niclosamide solution
Niclosamide was purchased from Sigma-Aldrich (Beijing, 

China), and 0.001 mg of niclosamide was dissolved in 100 ml 
distilled water and mixed well using a magnetic stirrer. This was 
used for the stock solution (1:1,000,000), and prepared at 0.0156, 

0.0313, 0.0625, 0.125, 0.250, 0.375, 0.500, 0.625, 0.750, 0.875, 
and 1 ppm. 

Criteria for dead snails and data analysis
The criteria used for dead snail identification followed previ-

ous reports [18-21]. These included the snails showing no re-
action after probing with a needle to elicit typical withdrawal 
movements, loss of their opercula and lack of movement, sink-
ing to the bottom of the container and complete retraction into 
their shells, discoloration, and immobility, i.e. gentle prodding 
of the cephalopedal mass with a blunt plastic probe elicited 
no muscular movements or contraction.

Experimental groups
To compare the efficacy of camellia, mangosteen extracts, 

and niclosamide, B. siamensis goniomphalos were incubated 
with various concentrations of camellia, mangosteen, and ni-
closamide solution. The concentrations of crude extracts of 
mangosteen and camellia were 0.1, 0.01, 0.001, 0.0001, 0.00001, 
and 0.000001 g/ml. The concentrations of niclosamide solu-
tion were 0.0156, 0.0313, 0.0625, 0.125, 0.250, 0.375, 0.500, 
0.625, 0.750, 0.875, and 1.0 ppm. Each concentration was ex-
amined in triplicates. Lethal concentration 50% (LC50) and 
90% (LC90) values of each group at 24 hr was calculated using 
the Probit analysis (SPSS 16.0).

Histopathological observations 
After 24 hr exposure, only live B. siamensis goniomphalos snails 

from each group (untreated control, camellia-treated, mango-
steen-treated, and niclosamide-treated), were processed for 
analysis of histopathological changes by hematoxylin and eo-
sin staining, following previous reports [22-24]. In brief, B. sia-
mensis goniomphalos snails were fixed with buffered 10% for-
malin solution for 1 week and then washed with PBS solution 
for 15 min 3 times. The shell was removed and all snails were 
dehydrated in a graded ethanol series and cleared with xylene 
solution for 2 hr; the tissues were then infiltrated with paraf-
fin. Paraffin-embedded snail samples in each experimental 
group were sliced in 4 µl thickness with a microtome (Ther-
moscientific, Walldorf, Germany). Each sectioned specimen 
was placed on a slide glass and stained with hematoxylin and 
eosin after deparaffinization.

The stained samples were observed using a light microscope 
and photographed using the NIS-Elements 3.2 imaging soft-
ware (Nikon, Tokyo, Japan).
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RESULTS 

Molluscicidal effects in LC50 and LC90 

The concentrations of both extracts that could kill 50% and 
90% of B. siamensis goniomphalos snails after 24 hr were quite 
similar by 0.002 and 0.212 g/ml for mangosteen and 0.003 
and 0.363 g/ml for camellia. For niclosamide, the LC50 and 
LC90 were very low (0.599 and 2.356 ppm, respectively). 

Macroscopic findings 
The macroscopic visible reactions of the snails exposed to 

crude extracts of camellia, mangosteen, and niclosamide were 
as follows: After exposure to camellia extracts at concentrations 
of 0.0001, 0.001, 0.01, and 0.1 g/ml, snails moved back within 
their shells, closed their operculum, and did not move within 
1 hr (at concentrations of 0.01 and 0.1 g/ml). Most snails could 
attach the container for 12 hr. After exposure to mangosteen 
extracts at concentrations of 0.0001, 0.001, 0.01, and 0.1 g/ml, 
snails moved back within their shells, closed their operculum, 
and could not move at different time points (12 hr, 6 hr, 1 hr, 
and 10 min, respectively) at each concentration. Clear mucous 
was observed in both groups of snails in concentrations of 0.01 
and 0.1 g/ml. At 0.0001 and 0.001 g/ml, snails could open 

their operculum again after 5-10 min and move again. After 
exposure to niclosamide solution at concentrations of 0.500, 
0.625, 0.750, 0.875, and 1.0 ppm, snails moved back within 
their shells, closed their operculum, and did not move at 1 hr, 
30 min, 20 min, 10 min, and 5 min, respectively.

Pathological changes after treatment with camellia, 
mangosteen, and niclosamide

Controls
No pathological changes were observed in the digestive gland 

and foot of the control snails. 

Foot
Based on observation of the normal morphology of muscle 

cell types (Fig. 1A, B) in the untreated control group, the foot 
tissues of snails in camellia, mangosteen, and niclosamide-
treated groups consisted of protein cells, pigment cells, colum-
nar muscle fibers, and epithelium (Fig. 1C-H). These cells in 
the foot were the targets of toxic activity of camellia, mango-
steen, and niclosamide. Interestingly, exposure to camellia, 
mangosteen, and niclosamide, columnar muscle fibers in the 
foot were disrupted. In addition, protein and pigment cells 
were found to be concentrated. 
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Fig. 1. The representative tissue of control snails (A, B), snails exposed to camellia (C, D), snails exposed to mangosteen (E, F), and snails 
exposed to niclosamide (G, H). Hyperpigmentation of pigment cells, increasing numbers of lipid vacuoles, and atrophy of columnar mus-
cle fibers were observed in camellia, mangosteen, and niclosamide-treated groups. Cm, columnar muscle fibers; Pt, protein cells; Pg, 
pigment cells; V, lipid vacuoles.
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Gill
In the gill of untreated snails, cells of gill filaments were co-

lumnar in shape and bore long cilia. Some mucus-secreting 
goblet cells could also be found in gill filaments (Fig. 2A, B). 
The snail gills in camellia and mangosteen-treated groups ap-
peared to be more severe than the niclosamide-treated group. 
After camellia, mangosteen, and niclosamide exposure, the gill 
epithelium showed a reduction in the length and number of 
cilia, the mucous vacuoles appeared to be more numerous, 
epithelial cells were irregularly shaped, and hypertrophy of 
nuclei was observed. In addition, the structure of the epithelial 
layer was severely destroyed, with condensed nuclei and irreg-
ularly shaped cells visible (Fig. 2C-H). 

Digestive gland tubule
The digestive gland tubule of control snails consisted of reg-

ular apical digestive cells, basophil cells, and calciferous cells 
(Fig. 3A, B). Snails treated with either camellia or mangosteen 
and niclosamide showed a small number of irregular apical 
and calciferous cells, dilatation of the digestive gland tubule, 
and large hemolymphatic spaces (Fig. 3C-H). Moreover, the 
digestive gland tubule in niclosamide-treated snails showed 
more severe pathology by loss of digestive gland tubule texture 

(Fig. 3G, H). 

Epithelial lining of the digestive tract
The epithelial lining of the digestive tract of control snails 

was characterized by regular apical surfaces, by observation of 
columnar cells with typical cilia and nucleus morphology (Fig. 
4A, B). Both camellia and mangosteen-treated groups showed 
an increase of vacuolation in digestive columnar cells, and loos-
ening of cilia and nucleus morphology (Fig. 4C-F). Although, 
epithelial lining of the digestive tract in the group of niclosa-
mide exposure was regular apical surfaces, by observation of 
columnar cells with typical cilia and nucleus morphology but 
remained the epithelial lining texture (Fig. 4G, H). 

Epidermis
The epidermal cells of control snails were characterized by 

regular apical surfaces (Fig. 5A). After camellia and mango-
steen exposure, epithelial cells mainly showed irregular apical 
surfaces, detachment of cilia, and enlargement of lysosomal 
vacuoles (Fig. 5B, C). The epidermal cells of niclosamide-ex-
posure group (Fig. 5D) were similar with those of control snails. 
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Fig. 2. Representative gills with cilia of control snails (A, B), those exposed to camellia (C, D), those exposed to mangosteen (E, F), and 
those exposed to niclosamide (G, H). Camellia, mangosteen, and niclosamide-treated groups showed dilated interlamellar spaces and 
damaged cilia. Camellia group showed enlarged mucocyte cells with atypical nuclei. n, nuclei with dense heterochromatin; m, mucocytes; 
Ci, cilia; Ls, lamellar spaces.
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Fig. 4. Epithelial lining of the digestive tract of control snails (A, B), those exposed to camellia (C, D), those exposed to mangosteen (E, F), 
and those exposed to niclosamide (G, H). Camellia and mangosteen-treated groups showed an increase of vacuolation in digestive cells 
and a decrease of ciliated cells compared with the control snails. Lu, lumen; Ci, cilia.
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DISCUSSION

The present study showed that camellia, mangosteen extracts, 

and niclosamide affected cells in the foot by relaxing muscle 
fibers and creating gaps between epithelial cells and connec-
tive tissue, resulting in the derangement of the cilia. The diges-
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Fig. 3. Representative digestive glands of control snails (A, B), those exposed to camellia (C, D), those exposed to mangosteen (E, F), and 
those exposed to niclosamide (G, H). Camellia, mangosteen, and niclosamide-treated groups showed a small number of calcium cells, 
dilation of the digestive gland, and large hemolymphatic spaces compared with the control snails. Dc, digestive cells; C, calciferous cells; 
Bs, basophilic cells; H, hemolymphatic spaces between the tubules; Pt, protein cells.
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tive tract of control B. siamensis goniomphalos snails was lined 
by a ciliated columnar epithelium, consisting of columnar 
cells (Fig. 4A, B) and mucus-secreting goblet cells (Fig. 2A, B). 
The ciliated columnar cells were long and slender in shape, 
with an oval nucleus with dense heterochromatin in the basal 
cytoplasm. In the camellia and mangosteen-exposed snails, an 
enlargement of nuclei, increase of mucus, damage of cell struc-
ture and enlarged interlamellar space and loss of texture were 
observed (Fig. 2C, F). Our present results were similar to the 
previous report [25], which showed that snails exposed to heavy 
metals showed an increase in mucous cells and mucus vacu-
oles; this implies that mucus may contribute to the capacity 
for detoxification, and that the digestive tract needs more mu-
cus to dilute the toxin from camellia and mangosteen [26]. 
This result is supported by el Sawy et al. [27] who found that 
these chemicals may produce an indirect reaction in the snail 
by causing generation of excessive mucus, reducing the perme-
ability of the external membrane, or reacting directly with the 
external membrane. The loss of cilia may be caused by interac-
tion of camellia and mangosteen with the cell membrane, in-
ducing changes in composition, fluidity, and stability of the 
membrane; these are similar to the results of interactions with 
heavy metals reported in previous reports [28,29].

The digestive gland consisted of numerous blind-ending tu-
bules that were composed of calciferous cells and basophil 
cells. The most common digestive cells were columnar type, 
with numerous vacuoles containing faintly stained inclusions. 
The basophil cells occurred singly or in groups and contained 
basophilic granules of various sizes (Fig. 3A, B). They were se-
cretory in nature, while the digestive cells were involved in ab-
sorption and intracellular digestion [30]. After camellia and 
mangosteen exposure, the digestive gland showed a decrease 

of calciferous cells and dilation of digestive cells (Fig. 3C-F). 
Similar calciferous cells were observed in B. siamensis goniom-

phalos snails treated with the molluscicide, Bayluscide or ni-
closamide [31]. The gill of control snails consisted of a longi-
tudinal central axis from which numerous slender, pointed gill 
filaments extended along one side. Gill filaments were ciliated 
columnar epithelial cells containing a dense oval nucleus and 
acidophilic granules (Fig. 2A, B). Numerous hemocytes were 
found in the hemolymph space (Fig. 2A, B). After camellia 
seed and mangosteen exposure, the gill exhibited a loss of cilia 
and wider hemolymph spaces. Columnar cells showed mod-
erate to severe alterations, such as swelling, degeneration, and 
loss of cells, creating large intercellular spaces (Fig. 2C-F). The 
gill is a vital organ in aquatic organisms because it plays an es-
sential role in transport of respiratory gases, and regulates os-
motic and ionic balances [32].

The observed histopathological alterations of the gill are 
similar to those produced by heavy metals, causing respiratory 
problems as well as disturbance of normal osmoregulatory 
and hemodynamic functions [33]. This was similar to the pre-
vious finding [34] which showed the effect of heavy metals on 
the golden apple snail (Pomacea canaliculata). The digestive 
tract of the treated snails showed an increase of mucus cells 
and loss of cilia; most cells were dilated, and the tubule lumen 
became smaller. Gills of treated snails showed loss of cilia and 
numerous intercellular spaces among columnar cells. This was 
similar to the effect of the pesticide Thiodan® on Lymnaea stag-

nalis snails, which caused expansion of the hemolymphatic 
spaces between the tubules, accumulation of amoebocytes in 
the hemolymphatic spaces between the tubules, and exudates 
in the lumen of tubules. Necrosis and increasing vacuolation 
within the digestive cells and atrophy in the connective tissue 

A B C D

Fig. 5. Representative epidermis of control snails (A), snails exposed to camellia (B), snails exposed to mangosteen (C), and snails ex-
posed to niclosamide. The epidermis of normal snails showed regular surface, and camellia, mangosteen, and niclosamide-treated groups 
showed detachment of ciliated cells, enlarged lysosomal vacuoles, and an irregular epidermal surface. Ep, epidermis; Mv, microvilli; Lv, 
lysosomal vacuoles; Mu, mucous cell.

Mu

Mu

Lv

Mv

Ep
Ep

Ep

Ep



 Aukkanimart et al.: Molluscicidal plants on Bithynia siamensis snails, host for O. viverrini  543

were apparent, and columnar muscle fibers in the foot were 
disrupted. In addition, the protein and pigment cells were 
found to be concentrated. Both camellia and mangosteen-
treated groups showed detachment of ciliated cells, with en-
larged lysosomal vacuoles and an irregular surface and chang-
es also occurred in the epithelial layers [35], which were simi-
lar to the present results (Fig. 4C-F).

For the molluscicidal mechanisms and active compounds in 
each molluscide need to be clarified. However, from our study 
we found that camellia contained 10% saponion, and mango-
steen contained α- mangostin which may affect snail tissues by 
interference of the respiratory tract similar to niclosamide. There-
fore, after exposure to those compounds snail could not breath 
which affected to failure of body organs including gastrointes-
tinal tract and foot tissues. WHO recommended using mollus-
cides including niclosamide in the field by slowly releasing 
molluscide into flowing water by a drip-feed technique using a 
drum dispenser at narrow canal to ensure complete mixing of 
the chemical with the water. In another way, if we purpose to 
kill snails in the rice field, pond, or fish farm, we could spray 
camellia and mangosteen powders in the rice field or pond 
during rice cultivation and pond preparation. The concentra-
tions of mangosteen in the field using may be high but man-
gosteen peel in Thailand is the waste product during raining 
season so we have a lot of this kind of waste product and could 
use it. However, further studies in the field are needed.

In conclusion, exposure of B. siamensis goniomphalos snails to 
crude extracts of either camellia or mangosteen caused destruc-
tive effects in the body tissues which was similar to niclosamide, 
as evidenced by the LC50 and LC90 and histopathological chang-
es. Therefore, crude extracts of camellia and mangosteen are 
effective molluscides that may be used in the field or on fish 
farms during preparing the pond to control B. siamensis goni-

omphalos snails. Further studies are needed to clarify the exact 
substance or mechanism for snail killing. Moreover, field stud-
ies are needed to confirm the possibility of using these extracts.
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