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Abstract

Nutritional and therapeutic values of the edible gastropod (snail)
are well known throughout the world. Earlier from this laboratory,
a protein VB-P4 was identified from the edible snail (Vivaparous
bengalensis) flesh extract having anti-osteoporosis and anti-
osteoarthritis activity on albino Wistar rats. The present study was
done on the in vivo/in vitro toxicities of VB-P4 and heat treated VB-
P4 (HT-VB-P4) on experimental animals. The in vivo toxicities of VB-P4/
HT-VB-P4 was done in male albino Swiss mice tfreated for 15 days and
assessed through haematological (total count of RBC/WBC, Hb%),
biochemical markers (SGOT, SGPT, LDH, CK-MB, ureaq, creatinine) and
histological studies of organs (liver and kidney). The in vifro toxicities
of VB-P4/HT-VB-P4 was done on isolated guinea-pig heart/auricle (for
cardiotoxicity), isolated rat phrenic nerve diaphragm preparation (for
neurotoxicity), haemorrhagic activity (in vivo cutaneous and gastric
haemorrhage), haemolytic activity on RBC (mice, rat, guinea-pig
and goat) and rat peritoneal mast cell degranulation activity. It was
observed that 15 days sub-chronic treatment in male albino mice with
VB-P4/HT-VB-P4 did not significantly changed the total count of RBC,
WBC and haemoglobin. However, 15 days sub-chronic treatment in
male albino mice with VB-P4 significantly increased the liver markers
(SGOT, SGPT), myotoxicity markers (LDH, CK-MB) but not the renal
markers (Urea, Creatinine). HT-VB-P4 did not significantly change the
liver markers (SGOT, SGPT), myotoxicity markers (LDH, CK-MB) and
the renal markers (Urea, Creatinine). Histological studies with VB-P4
showed significant changes in liver fissue (fatty infiliration, necrotic
lesions, dilated central vein) as compared with the control group
of mice. Histological studies with VB-P4 did not show any significant
changes in kidney tissue. In vitro cardiotoxicity was shown by VB-P4 on
isolated guinea-pig heart but not on isolated guines-pig auricle. VB-P4
significantly decreased the heart rate and amplitude of confraction
leading to irreversible blockade of confraction. HT-VB-P4 did not
showed cardiotoxicity on the above preparations. VB-P4/HT-VB-P4
did not show neurotoxicity on isoalated rat phrenic-nerve diaphragm
preparation. VB-P4 induced cutaneous haemorrhagic spots, gastric
lesions in male albino rats through in vivo studies, which was not found
with HT-VB-P4 treatment. Histological studies of stomach freated with
VB-P4 confirmed the presence of blood, gastric lesions and necrotic
spots, which was absent in HT-VB-P4 treatment. In in vitro studies, VB-
P4 produced haemolysis of RBC (mice, rat, guinea-pig and goat) and
degranulated rat peritoneal mast cells, which was absent in case of
HT-VB-P4 treatment. The data from this study confirmed that intake of
raw snail flesh protein may induce toxicity especially in liver, stomach
and RBC. Boiling/cooking before consumption may overcome the
foxicities and safe for human consumption.

Introduction

Viviparous bengalensis (VB), a fresh water edible snail, is a staple
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food for the socio-economically backward people of rural India as
a cheap protein substitute source. In many countries (Philippines,
Vietnam, Laos, Cambodia, China, Japan, northeast Indian states),
people eat snail flesh in raw form as delicacy. In Indonesia, they
are fried as satay, a dish known as sate kakul. In many countries,
people use to boil snail in hot water before consumption. In India,
snail cooked in mustard oil, used as an ointment over different
types of sore and corn. In the north Bihar state of India, the flesh
of Bellamia (Viviparous) bengalensis had been used as a traditional
medicine against arthritis [1]. Snail flesh contained different types
of protein, peptide, lipoproteins, oligosaccharides, enzymes of
biological importance [2]. Gauri et al. purified and characterized a
novel antibacterial peptide from Bellamia bengalensis which was
found to be active against ampicillin and chloramphenicol resistance
Staphylococcus epidermitis [3]. Sarkar et al. reported that Indian
edible snail (Viviparous bengalensis) flesh extract possess anti-
osteoporosis and anti-osteoarthritis activity in experimental rats
[4]. Recently, Sarkar et al. isolated a protein (VB-P4) from the snail
(Viviparous bengalensis) flesh extract which was found to possess
anti-osteoporosis and anti-osteoarthritis activity in albino rats [5,6].
VB-P4 had 562 amino acids, glycoprotein in nature and acted through
pro/anti oxidants, serum cytokines and through T cell modulation.
The present study was an effort to explore the toxic (both in vivo
and in vitro) effect of fresh water edible snail flesh protein VB-P4 on
experimental animals.

Materials and Methods
Materials used

All the materials and chemicals used were of analytical grade,
unless otherwise mentioned. The following chemicals were used in
the present study: Acetic acid, Anaesthetic ether, disodium hydrogen
phosphate, DPX, Eosin, Folin phenol reagent, Haematoxylene, NaCl,
sodium dihydrogen phosphate, Toluidine blue, Tri sodium isocitrate
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(SRL, India), Bovine serum albumin (Sigma-Aldrich, USA), CK-MB
Kit, Creatinine Kit, LDH Kit, SGOT Kit, SGPT Kit, Urea Kit (Labkit,
India), Drabkins reagent (Cogent, India), Ethanol (Bengal Chemicals,
India), Paraffin (Merck, Germany).

Experimental animals

Swiss albino male mice (20+2 g), male albino Wistar rats (150+10
g) and male guinea pig (200+20 g) were procured from enlisted
supplier of Calcutta University and housed in standard polypropylene
cages at controlled environment (24 °C+2 °C, 12 hour light-dark
cycle, relative humidity 60%+5%). The animals were provided with
dry pellet diet, green vegetables, gram and water ad libitum. The
experiments were conducted according to the departmental animal
ethics committee for the purpose of control and supervision of
experiments on animals (animal ethical reference no. PHY/CU/
TAEC/20/2008). All animal experiments were approved by the animal
ethics committee, Department of Physiology, University of Calcutta
and were in accordance with the guideline of the committee for
the purpose of control and supervision of experiments on animal
(CPCSEA), Government of India. For in vitro RBC hemolysis, goat
blood was collected from slaughter’s house.

Collection of Viviparous bengalensis and purification of VB-
P4

Viviparous bengalensis live sample collection and purification was
done as described earlier [4]. The snails (Viviparous bengalensis) were
identified by the Zoological Survey of India. Snail flesh was dissected
out and a 10% of the flesh homogenate was prepared in PBS (0.01
M, pH 7.2) using a glass homogenizer fitted with a Teflon piston
(Remi Motors Ltd; India, model no. RQ-127A). The homogenate
was centrifuged (8000 rpm x 30 min at 4 °C) and the supernatant
was termed as Viviparous bengalensis extract (VBE) expressed in
terms of protein content. Crude VBE was subjected to ion exchange
chromatography (IEC) using DEAE cellulose column with phosphate
buffer. Fractions were collected using graded NaCl molarity and all
the fraction proteins were estimated after Lowry et al. [7]. Peak 4 (VB-
P4) was further analyzed through HPLC using C18 column (4.6x250
mm), methanol:water solvent system (70:30) with a flow rate 1 ml/
min and monitored at 280 nm.

Heat treatment of VB-P4

VB-P4 was kept at 80+2 °C for 20+2 min, cooled and centrifuged
at 3000 rpm for 15 min. The supernatant was collected for protein
estimation after Lowry et al. [7]. It was provisionally designated as
HT-VB-P4 (heat treated Viviparous bengalensis protein 4).

In vivo toxicity studies

Grouping of animals and treatment: Male Swiss albino mice
(20£2 g, n=6) were taken and divided into 3 groups- Gr.1: Control,
Gr.2: VB-P4 treated (40 pg/20 gm /i.p/15 days) and Gr.3: HT-VB-P4
treated (40 pug/20 gm /i.p/15 days). On 16" day, blood was collected
from hepatic portal vein (for haematological studies) and serum
was separated for biochemical studies. Tissues (liver, kidney) were
collected for histological studies.

Hematological and biochemical parameters: For hematological
studies, blood was collected in heparinised vial and total count of

WBC, RBC and hemoglobin percentage was done after Mukherjee
et al. [8]. Serum was prepared from blood and SGOT, SGPT, Urea,
Creatinine, LDH, CK-MB were analyzed with biochemical kit (Labkit,
India) using UV spectrophotometer (Analab, model no UV-180).

Histological studies: Liver, kidney and stomach tissues were
collected, fixed in 10% buffered formalin for 24 hrs. The tissues were
then dehydrated in graded (50-100%) ethanol followed by clearing
in Xylene. Paraffin (56-58 °C) embedding was done at 58+1 °C for
4 hrs, followed by paraffin block preparation. Paraffin section (5 p)
was cut using a rotary microtome (Weswox Optic, India). Paraffin
sections were deparaffinised with xylene, stained with hematoxylin-
eosin, followed by mounting in DPX with a cover slip. Histological
characteristics of the tissues were observed with a bright field
microscope (Motic, Germany) and photographs were captured with
Motic software (Motic Images Plus 2.0 software).

In vivo rat cutaneous haemorrhage: This was performed
according to the method of Kondo et al. [9]. VB-P4 (10 pg/i.d/20
gm mice/24 hrs) and HT-VB-P4 (10 pg/i.d/20 gm mice/24 hrs) was
injected on the shaved dorsal flank on the Swiss albino male mice
(n=4). Same amount of phosphate buffer (pH 7.4) was injected in
control animal. The mice were sacrificed after 24 hour, skin was opened
and observed for hemorrhagic lesion. Diameter of haemorrhagic spot
was measured with a caliper and photograph was captured with a
digital camera (Panasonic Lumix). Minimum haemorrhagic dose
(MHD) was the dose of VB-P4 that produced a haemorrhagic spot
of 10 mm diameter.

In vivo rat gastric haemorrhage/lesion: Male albino Wistar
rats (15010 g, n=4) were deprived of food for 72 hour (water was
provided ad libitum) before experiment. The animals were lightly
anaesthetized with anesthetic ether. A small slit was made in the
abdomen and stomach pylorus ligation was done after Shay et al.
[10]. The animals were orally fed with VB-P4/ HT-VB-P4 (40 pg/
per oral/100 g rat) and after 4 hr, all the rats were sacrificed and the
hemorrhagic spot, gastric lesion was photographed with a digital
camera (Panasonic Lumix). Stomach tissue samples were fixed in
formal-buffer for histopathological studies following the method as
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Figure 1: Effect of VB-P4 and HT-VB-P4 on hematological parameters
Data represent the mean+SEM (n=6). *P< 0.05 was considered statistically
significant when compared to control group 1. Gr.1: Sham control, Gr.2: VB-
P4 treated, Gr.3: HT-VB-P4 treated.
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a) Liver tissue of control group 1 animal, b) Liver tissue of VB-P4 treated
group 2 animal, ) Liver tissue of HT-VB-P4 treated group 3 animal, d) Kidney
tissue of control group 1 animal, e) Kidney tissue of VB-P4 treated group 2
animal, f) Kidney tissue of HT-VB-P4 treated group 3 animal. (Hematoxylene-
eosin stain, Magnification 150X).

Figure 3: Effect of VB-P4 on cutaneous haemorrhage

stated earlier.
In vitro toxicity studies

Effect on isolated guinea pig heart and auricle: Isolated
guinea pig heart was prepared after Langendorft [11] and perfused
with oxygenated (95% O, + 5% CO,) Tyrode’s solution (NaCl
137 mM, KCI 2.7 mM, CaCl-2H,0 2.6 mM, MgCl,-6H20 1.27 mM,
NaHCO, 11.9 mM, NaH, PO, 0.4 mM and glucose 5.5 mM) containing
double dextrose (2 g1"), temperature was maintained at 37+1 °C. The
preparation was treated with VB-P4/HT-VB-P4 (40 pg/bolus) and
contraction was recorded on a rotating smoked drum using a heart
lever.

Isolated guinea pig auricle was prepared after Burn and suspended
in oxygenated Tyrode’s solution (29 =1 °C) in a 4 ml glass bath [12].
The preparation was treated with VB-P4 and HT-VB-P4 (10 ug/4
ml bath volume) and spontaneous contraction was recorded on a
smoked drum by a lightly sprung lever.

Effect on isolated nerve-muscle preparation: Isolated rat
phrenic nerve diaphragm (RPND) was prepared after Bulbring and
suspended in a 6 ml glass bath containing oxygenated (95% O, + 5%
CO,) Tyrode’s solution at 29+1 °C [13]. The preparations were

stimulated with a square wave electronic stimulator of 8 V, 0.5 ms
duration, 0.2 Hz (Grass, USA, Model No. SD9). RPND preparations
were treated with VB-P4 and HT-VB-P4 (20 pg/5 ml bath volume)
and contraction was recorded with Brodie’s lever on a smoked
kymograph paper.

In vitro RBC haemolysis: Hemolytic activity of VB-P4/ HT-
VB-P4 was done according to Rothschild [14]. Blood (mice, rat,
guinea-pig and goat) was collected in 3.8% citrate buffer, repeatedly
washed with 0.9% saline and a 2% suspension of RBC (in 0.9%
saline) was prepared. 1 ml RBC suspension was treated with VB-P4/
HT-VB-P4 (10-50 ug/ml RBC suspension), incubated at 37 °C for
30 min. Volume was made with chilled 0.9% saline and centrifuged
at 3000 rpm for 15 min. The extent of hemolysis was estimated in
the supernatant fluid (against saline treated control) at optical
density of 540 nm. Distilled water was used as standard (100% lysis).
Haemolytic dose 50 (HD,) was calculated graphically with the mice
RBC haemolysis % vs. doses of VB-P4.

In vitro rat peritoneal mast cell degranulation

Peritoneal membrane was collected in 0.9% saline from a freshly
killed male albino Wistar rat. The Peritoneal membrane was cut in
small pieces and placed in different watch glasses in 0.9% saline.
Group 1: 0.5 ml 0.9% saline (control), Group 2: 0.5 ml 0.9% saline and
VB-P4 (10-80 pg/ml) and Group 3: 0.5 ml 0.9% saline and HT-VB-P4
(10-80 pg/ml). The watch glasses were incubated at 37 °C for 30 min.
After incubation, the peritoneum from each group was placed on clear
glass slide in perfectly stretched condition and was fixed over flame.
The slide was then treated with ethanol:chloroform:acetic acid (6:3:1)
mixture for 15 min. After downgrading treatment with ethanol:water,

Figure 4: Effect of VB-P4 and HT-VB-P4 on gastric haemorrhage
a) VB-P4 induced, b) HT-VB-P4 induced.

;

Figure 5: Effect of VB-P4 and HT-VB-P4 on stomach histology
a) VB-P4 induced, b) HT-VB-P4 induced. (Hematoxylene-eosin stain,
Magnification 150X).
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Figure 6: Effect of VB-P4 and HT-VB-P4 on isolated Guinea pig heart and
auricle

a) Effect of VB-P4 on isolated Guinea pig heart, b) Effect of HT-VB-P4 on
isolated Guinea pig heart, ¢) Effect of VB-P4 on isolated Guinea pig auricle,
d) Effect of HT-VB-P4 on isolated Guinea pig auricle

the slides were stained with 0.1% aqueous toluidine blue. The excess
stain was washed with distilled water and upgrading treatment with
ethanol:water up to 100% ethanol. The slides were washed twice with
xylene and mounted in DPX. The mast cell count was done under the
light microscope and expressed in terms of % degranulation against
control preparation [15]. Mast cell degralulation dose 50 (MCD, ) of
VB-P4 was calculated against saline treated control preparation.

Statistical analysis

Data were expressed as mean+SEM (n=6). Statistical analysis
was done using one way analysis of variance (ANOVA). P<0.05 was
considered to be statistically significant.

Results

In vivo sub-chronic toxicity studies with VB-P4 & HT-
VB-P4

VB-P4 & HT-VB-P4 (40 ug/20 gm/ip x 15 days) treatment in
male albino Swiss mice did not showed significant changes in blood
total WBC, RBC and haemoglobin as compared with the control
animals (Figure 1). VB-P4 (40 & 80 ug/20 gm/ip x 15 days) treatment
in male albino Swiss mice showed significant changes in serum GOT,
GPT, LDH, CK-MB level but not in serum urea, creatinine level as
compared with control group of mice. However, HT-VB-P4 (40 & 80
ug/20 gm/ip x 15 days) treatment in male albino Swiss mice did not
showed significant changes in serum GOT, GPT, LDH, CK-MB, urea,
creatinine level as compared with control group of mice (Table 1).

Histological studies with VB-P4 (40 ug/20 gm/ip x 15 days)
treatment in male albino Swiss mice showed significant changes in
liver tissue (fatty infiltration, necrotic lesions, dilated central vein) as
compared with the control group of mice. HT-VB-P4 (40 ug/20 gm/
ip x 15 days) treatment in male albino Swiss mice did not showed
significant changes in liver tissue (Figure 2). Histological studies with
VB-P4 and HT-VB-P4 (40 ug/20 gm/ip x 15 days) treatment in male

albino Swiss mice did not showed significant changes in kidney tissue
as compared with the control group of mice (Figure 2).

In vivo rat cutaneous haemorrhage: Minimum haemorrhagic
dose (MHD) of VB-P4 was found to be 10 pg. HT-VB-P4 (10 pg/
i.d/20 gm mice/24 hrs) did not produce any haemorrhagic spot as
compared with saline treated control rats (Figure 3).

In vivo rat gastric haemorrhage/lesion: VB-P4 (40 ug/per
oral/100 gm rat) produced gastric haemorrhagic and lesion spots,
gastric necrosis in pylorus ligated male albino rats. HT-VB-P4 (40
pg/per oral/100 gm rat) did not produced gastric haemorrhagic and
lesion spots, gastric necrosis in pylorus ligated male albino rats as
compared with saline treated pylorus ligated male albino rats (Figure
4). Histological studies with VB-P4 (40 pg/per oral/100 gm rat/4 hrs)
treated rat stomach showed gastric lesion spots, gastric epithelial
breakage and necrosis as compared with saline treated pylorus ligated
control rat stomach (Figure 5).

In vitro toxicity studies with VB-P4 & HT-VB-P4

Effect on isolated guinea-pig heart and isolated guinea-pig
auricle: VB-P4 (40 pg/bolus) treatment on isolated guinea-pig heart
significantly reduced the rate and amplitude of contraction (90+5%)
leading to irreversible blockade within 8+2 min of observation (Figure
6A). However, HT-VB-P4 (40 ug/bolus) did not changed the rate and
amplitude of contraction observed up to 60+5 min (Figure 6B).

VB-P4 (10 pg/4 ml bath volume) treatment on isolated guinea-
pig auricle significantly reduced (50+3%) the rate and amplitude
of contraction within 8+2 min of observation (Figure 6C). Normal
contraction regained within 38+5 min of observation. However,
HT-VB-P4 (10 pg/4 ml bath volume) did not changed the rate and
amplitude of contraction observed up to 75+8 min (Figure 6D).

Effect on isolated rat phrenic-nerve diaphragm preparation:
VB-P4 and HT-VB-P4 (24 ug/6 ml bath volume) did not significantly
altered the electrical induced twitch response on the isolated rat
phrenic-nerve diaphragm preparation observed up to 60+5 min.

In vitro RBC haemolysis: VB-P4 (10-50 pg/ml RBC suspension)
produced dose dependent haemolysis (15-90 %) of RBC of mice, rat,
guinea-pig, goat. HD_ of VB-P4 on mice RBC was found to be 24+2
pg. HT-VB-P4 (10-50 pg/ml RBC suspension) did not produced
haemolysis of RBC of mice, rat, guinea-pig, goat as compared with
saline treated control RBC.

In vitro rat peritoneal mast cell degranulation: VB-P4 (10-
80 pg/ml) produced dose dependent degranulation (11-80%) of rat
peritoneal mast cells. MCD, of VB-P4 was found to be 45+5 ug. HT-
VB-P4 (10-80 pug/ml) did not degranulated rat peritoneal mast cells as
compared with saline treated control mast cells.

Discussion

Proteins are energy yielding, body building materials that are
available from natural resources of the plant and animal kingdom.
Many edible animal proteins (snail, mussel, crab, etc.) have toxicity
on humans. Fresh water snail (Viviparous bengalensis) consumption
is a source of low cost protein in under developed countries like
India, Bangladesh, Vietnam, etc. In many countries, it is consumed
in raw form. The question remains, whether it is safe to consume
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Table 1: Effect of VB-P4 and HT-VB-P4 on serum biochemical parameters.

SGOT SGPT LDH CK-MB Urea Creatinine
sl e Ll (U.L") (u.L (u.L (IU.L") (mg.dL") (mg.dL")
Gr.1 62.15+8.17 20.81+7.16 91.34+13.77 18.56+4.27 28.21+1.2 0.79+0.04
Gr.2 170.56+14.54* 67.78+14.78* 122.67+12.87* 30.56+7.73* 29.65+2.1 0.82£0.05
Gr.3 70.15£11.19* 22.86+9.40* 92.13+£10.78* 18.67+6.56* 28.94+1.9 0.81+0.04

Data represent the meantSEM (n=6). *P<0.05 was considered statistically significant when compared to control group 1. Gr.1: Sham control, Gr.2: VB-P4 treated,

Gr.3: HT-VB-P4 treated.

in raw form? The present study was explored with this idea that
how far the snail flesh protein is safe for consumption in the raw
form? This study confirmed that the snail flesh protein VB-P4 show
toxicities in rodent system. Sub-chronic toxicities of VB-P4 did not
show any toxicity of the blood profile (total count of RBC, WBC
and haemoglobin) of the rats. VB-P4 showed liver toxicity through
increased liver markers (SGOT, SGPT) in serum and myotoxicity
through increased level of myotoxicity markers LDH, CK-MB.
SGOT (serum glutamic oxaloacetic transaminase) or Aspartate
transaminase (AST) is a pyridoxal phosphate (PLP)-dependent
transaminase enzyme that catalyzes the reversible transfer of an
a-amino group between aspartate and glutamate [16] and is an
important enzyme in amino acid metabolism. Aspartate transaminase
catalyzes the interconversion of aspartate and a-ketoglutarate to
oxaloacetate and glutamate. This enzyme mainly found in liver
and down regulation of this enzyme show liver toxicity or liver
problem. Lactate dehydrogenase, a cytochrome-C dependent enzyme
that catalyzes the conversion of pyruvate to lactate [17]. Lactate
dehydrogenase catalyzes the interconversion of pyruvate and lactate
with concomitant interconversion of NADH and NAD*. It converts
pyruvate, the final product of glycolysis, to lactate when oxygen is
absent or in short supply and it performs the reverse reaction during
the Cori cycle in the liver. In a typical patient with acute myocardial
infarction serum LDH level exceeds the normal range within 24 to
48 hours, reaches a peak elevation of two- to tenfold in 3 to 6 days
[18]. The CK-MB is a cardiac marker to diagnose acute myocardial
infarction [19]. In cardiac tissue, CK-MB act as energy buffer by
converting creatine to phosphocreatine by using inorganic phosphate
(Pi) from ATP, creatine phosphate reserves the energy and helps to
produce ATP during requirement. Following the onset of an acute
myocardial infarction, intracellular CK-MB release into serum from
the area of infarction and elevated the serum CK-MB level [20].

VB-P4 also showed myotoxicity on isolated guinea-pig heart,
where it produced cardiac blockade. It is likely that the cardiac
blockade was due to interference of VB-P4 with the ion channels.
VB-P4 did not affect the kidney, since no alteration in kidney
markers (urea, creatinine) was observed due VB-P4 exposure.
Histopathological studies also confirmed the liver toxicity but not
the renal toxicity. VB-P4 produced in vivo cutaneous haemorrhagic
lesions in rat through breakage or pore formation of capillary walls. It
was also found that VB-P4 induced gastric haemorrhagic and gastric
lesions in the pylorus ligated rats. Histological studies also confirmed
the damage of the epithelial layer of the stomach, necrotic spots. The
damage is likely due to (1) direct effect of VB-P4 on the muscular
epithelium (2) or through pro-oxidant effect on the stomach muscle
layer.

In vitro toxicity on RBC and mast cell membrane was induced
by VB-P4. It produced dose dependent haemolysis of mice RBC,
thus confirming the membrane toxicity of VB-P4. The mast cells are
a resident cell of several types of tissues and contain many granules
rich in histamine and heparin. These mast cells play an important
protective role from allergic reaction and anaphylaxis [21] as well,
being intimately involved in wound healing and defense against
pathogens. VB-P4 degranulated rat peritoneal mast cells and the
degranulated products are capable of inducing or triggering the
pathophysiology.

The present study confirmed one of the possible methods (heat
treatment) to overcome the toxicity of VB-P4. Heating VB-P4 at 70-
80 °C for 20 min makes the protein free from toxicity (liver, muscle,
heart, membrane). It is likely that heat treatment alters the structural
configuration of VB-P4 and changes the functional/toxicity identity.
Apart from heating, chelation (EDTA treatment) also makes VB-P4
free from toxicity (data not shown). This study may open a new area
of snail protein induced toxicity and its remedial measure by heat
treatment.

Conclusion

It may be concluded that fresh water snail flesh protein VB-P4
exhibited in vivo and in vitro toxicity which was shown on liver, GI
tract, heart and cell membrane. The toxic effects of VB-P4 could be
overcome by prior heat treatment. Consumption of raw snail flesh
protein may be injurious to health and it would be advisable to boil/
cook snail flesh before consumption to avoid the toxicity. Further
studies on safe consumption of snail flesh protein are warranted.
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