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This study is to investigate the biological, biochemical and cytotoxic effects of puffer fish (Arothron stella-

tus) toxin extracts under in-vitro condition. Extracted toxins from various organs of puffer fish were puri-

fied by using active charcoal column, and Bio-gel-P2 column chromatography. The lethality of toxin was

tested in crabs, which consists of neurotoxic compounds. The degree of the brine shrimp lethality assay

was found directly proportional to the concentration of the toxin extracts, which was well supported by

hemolytic assay. The experimental results suggested that the gonad was found higher toxins than the liver

and muscles. The mortality rate of brine shrimp nauplii was increased with the raise of concentrations of

toxin level. Among the different doses and time dependent cytotoxic effect of human cervical carcinoma

(HeLa) cells were showed 4.0 µg/mL of toxin, which was effectively inhibited cancer cell proliferation.

HPLC and TLC analysis was revealed that the A. stellatus toxin contains tetrodotoxin (TTX), related com-

pounds 4-epi TTX and anhydro-TTX. The present results suggested that the A. stellatus contain TTX as a

major and anh-TTX as a minor toxin. It could be the potential candidate in the field of anticancer drug dis-

covery against human cervical cancer cells. The present data is confirming that the puffer fish toxin as an

interesting source of novel bioactive natural compounds with potent applications in pharmacology.
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INTRODUCTION

Cancer causes an estimated one in eight deaths world-

wide (1), which is leading high casualty of the globe. A

diverse group of diseases characterized by the uncontrolled

proliferation of anaplastic cells tends to invade surrounding

tissues and metastasize to other tissues and organs (2). Hence,

development of new anticancer drugs represents today’s

one of the most important research areas. An analysis of the

number of chemotherapeutic agents and their sources indi-

cate over 74.8% of the approved drugs are derived from

natural compounds (3). Unfortunately, drugs which are used

for cancer therapy, such as doxorubicin and cisplatin (4),

are having severe adverse effects, which also normal cells

and tissues (5). Chemoprevention entails the use of specific

natural dietary or synthetic agents to thwart cancer develop-

ment and progression (6).

Many potent natural products have displays the effective

anticancer activities from the marine environment. Nature-

derived pharmaceuticals including marine-derived bioac-

tive products have been draw a great deal of attention from

both the scientific community and the general public due to

their demonstrated ability to suppress cancers. Indeed, in

early 1990s, there has been a dramatic increase in the num-

ber of preclinical anticancer lead compounds from marine

sources, which have entered into human clinical trials (7).

Therefore, the research and development of more effective

and less toxic drugs become a necessary by the pharmaceu-

tical industry. Therefore, the marine natural products are

emerging as an alternative source for new drugs and play an

important role in the treatment of human diseases such as
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cancer and tuberculosis (TB).

Several anticancer agents are derived from marine

sources, which are entered preclinical and clinical trials to

display cytotoxic activity against various tumor types (8). In

this study, the special attention is pay to this disease is

based upon the fact that cancer remains one of the leading

causes of death in developing countries causing around two

million deaths annually (9). Therefore, the investigation of

alternative treatments for this disease is much needed.

Tetrodotoxin (TTX) is one of the most potent marine neu-

rotoxin, named after the order of fish where it is most com-

monly associated, the Tetraodontiformes (tetras-four and

odontos-tooth), or the tetraodon puffer fish. This toxin is

predominantly isolated from the ovary and liver of puffer

fish (10). Puffer fish are initially considering the only ani-

mals that contain TTX, later this compound has been

reported from a taxonomically diverse range of marine and

terrestrial organisms from 14 different phyla (11). The Tetra-

odontidae family has been mainly distributed in tropical and

subtropical areas of the Atlantic, Indian and Pacific regional

waters. A number of species have been assigned to new

genera in recent years; presently, 29 genera and 187 named

species are recognized (12).

Veeruraj et al. (13) have reported in nine species of marine

puffers in the order tetraodontiformes and family tetraodon-

tidae along the Parangipettai coast, Southeast coast of India

in Tamilnadu. The amount of TTX in the puffer fish is spe-

cies specific and varies among different organs in different

seasons (14). TTX is originally produced by marine bacte-

ria, and distributed over a wide variety of animals other than

puffer fish, including gobies, blue-ringed octopuses, carnivo-

rous gastropods, starfish, toxic crabs, horseshoe crabs, dino-

flagellates, alga, arthropods, flat worms, and ribbon worms

(15). In the present study, the level of toxins are extracted

from marine puffer fish (Arothron stellatus) from various

organs such as muscle, liver and gonads to identify its cyto-

toxicity effect on cultured human HeLa cell line, normal

human erythrocytes, effects of toxicity against Artemia salina

nauplii, sea shore crab Ocypode macrocera, and finally iso-

lated toxin were characterized through HPLC and TLC

techniques.

MATERIALS AND METHODS

Collection of specimens. The puffer fish (Arothron

stellatus) was collected from Parangipettai (Lat. 11o29'N

long. 79o46'E) fish landing center and washed 3 times with

distilled water. 20 grams of each organ such as muscle,

ovary and liver were dissected out subsequently, weighed

under aseptic conditions and frozen at −20oC until used.

Isolation and purification of toxin. Each organ (mus-

cles, gonads and liver) was homogenized separately with 1

volume of 1% acetic acid solution. Each homogenate was

centrifuged at 4500 rpm for 15 min and the supernatant was

collected and washed twice with the same volume of 1%

acetic acid. Each combined extract was concentrated sepa-

rately under reduced pressure and defatted with CH2Cl2.

The aqueous layer obtained was concentrated, adjusted to

pH 4~5 with 1 N NaOH solution, and then treated with acti-

vated charcoal. The adsorbed toxin was eluted with 3 vol-

umes of 1% acetic acid in 20% ethanol and the eluted

sample was combined and evaporated under vacuum pump.

Further purification was carried out in according to the

methods of Kotaki et al. (16), by gel filtration using a col-

umn (2.4 × 120 cm2) packed with Bio-Gel P-2 (Bio-Rad

Laboratories, Richmond, CA, USA). Elution of the toxin

was carried out with 0.03 N acetic acid at a flow rate of

60 mL/hr; then the toxicity of collecting fractions was

determined by the bioassay.

Toxicity test. The acute toxicity study was carried out

for the extracted toxin using adult sea shore crabs (Ocy-

pode macrocera) (total body weight, 10~20 g) and 0.1 mL

of the toxin extract was injected into the junction of the

body and third walking (chelate) leg of the crabs. The lethal

dose (LD50) was determined according to Lehman (17),

with slight modification. To determine the LD50 values, ten

crabs were injected with different concentration (0.2, 0.4,

0.6, 0.8 and 1.0 mg/mL) of the toxin extracts and observed

for 1 hrs. Positive reactions were observed as tetanic con-

tractions of the extremities of the sea shore crab and a tripli-

cate of each concentration was used.

Hemolytic activity. The hemolytic activity of the toxin

extracts on human erythrocytes were evaluated by using

washed erythrocytes (RBCs), obtained from the peripheral

blood (A & B positive) of a healthy volunteer. The blood

was centrifuged, and the serum and upper layer of white

blood cells (Buffy coat) were removed and subsequent eryth-

rocytes were washed 3 times in nine volumes of sterile

saline (NaCl) solution (0.85%). After each washing, cells

were centrifuged at 3000 rpm for 5 min and the supernatant

was discarded. The finally pellet was diluted 1 : 9 (v/v) in

sterile saline solution (0.85%) and then in 1 : 24 (v/v) ster-

ile Dulbecco’s phosphate buffer saline (D-PBS), pH 7.0

containing 0.5 mM boric acid and 1 mM calcium chloride

and brought to a final concentration of 5% (v/v). For hemo-

lysis assay, 100 mL of each extract was mixed with equal

volume of erythrocytes suspension, and the mixture incu-

bated for 60 min at 37oC. The remaining unlysed cells were

pelleted by 5 min centrifugation at 10,000 rpm for 15 min.

Hemoglobin content of the supernatants was then evaluated

spectrophotometrically at 540 nm. The hemolytic activity of

at least 10% hemolysis has been considered and the aver-

age value from triplicate assays was calculated. For nega-

tive and positive controls, RBCs in PBS (Ablank) and in 0.1%

Triton X-100 (Atriton) was used, respectively. The percentage
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of hemolysis was calculated according to the equation (18).

% hemolysis = 100 × [(Asample − Ablank)/(Atriton − Ablank)]

Brine shrimp lethality assay (BSLA). The toxic effect

against Artemia salina nauplii was tested followed by

Meyer et al. (19) with minor modifications. Briefly, dried

cysts of A. salina (Ocean Star International (O.S.I), Utah,

USA) were hatched in filtered sea water (0.1 g cyst L−1) at

27oC under continuous illumination and aeration. After

48 hr of incubation, the A. salina nauplii were collected and

10 individuals were transferred to each well containing

50 µL of filtered (0.22 mm) sea water (FSW) and 50 µL

toxin extract in different concentration of 0.2, 0.4, 0.6, 0.8

and 1.0 mg/mL. The culture plates were incubated at 27oC

in darkness and the number of dead larvae in each well was

counted after 6 hr (acute toxicity) and 24 hr (chronic toxic-

ity). Potassium dichromate (K2Cr2O7; 10~1000 ppm) and

Milli-Q water were used as a positive and negative control,

respectively. Results are presented as percentage of mortality

± standard deviation (SD) and LC50 value was estimated

using the Probits statistical method (20). The percentage

mortality of brine shrimp nauplii was determined from the

number of dead nauplii and higher than 75% was consid-

ered as high mortality.

Anticancer activity.
Cell culture and In vitro cytotoxicity assay using [3H]

thymidine Incorporation: Human cervical carcinoma

(HeLa cells) was cultured and maintained in F-12 Dul-

becco’s Modification of Eagle’s Meduim (DMEM) contain-

ing supplement of 10% fetal calf serum (FCS), amphotericin

(3 µg/mL), gentamycin (400 µg/mL), streptomycin (250 µg/

mL) and penicillin (250 Units/mL) in a carbon dioxide

incubator at 5% CO2. In a 24 well plate [3H] thymidine

(1 µci/mL of medium) was added to the medium in which

the cell line was already maintained. 20 µL of different con-

centration (2, 4 and 8 µg/mL) of the puffer fish toxin was

added to the cells and the same volume of buffer was added

to the control well. The cultures were trypsinized at the

desired time points, washed sequentially with 10% and 5%

tricholoroacetic acid and solubilised in 0.1% sodium hydrox-

ide and 0.025% sodium dodecyl sulphate solution. The

radioactivity of the samples were measured in the Packard,

Top Count NXTTM Liquid scintillation counters and expressed

as cpm/mg protein. From the above experiment an appro-

priate dose is selected and added to human lymphocytes

(purchased from Sigma -Aldrich Co., St. Louis, MO, USA)

to check the effect on normal cells.

Determination of cell viability by MTT assay: The

effects of puffer fish toxin on the proliferation of HeLa cells

were measured by using the MTT (3-(4, 5-dimethylthiazol-

2-yl) -2, 5-diphenyl tetrazolium bromide) assay (21). HeLa

cells (1 × 104 cells/mL) were incubated in 96 wells plate in

the presence and absence of toxin (3 µg/mL) for different

time points (0, 12, 24, 36 and 72 hr). At the required time

point 50 µL of supernatant was aspirated, added to another

well and mixed with 50 µL of the substrate buffer contain-

ing MTT dye. The microplate was incubated for 3 hr at 27

to 37oC in 5% CO2 and care was taken to keep the samples

protected from light. After 3 hrs incubation 100 µL/well−1

of the stop solution dimethyl sulfoxide (DMSO) was added

and the absorbance was read on a microplate reader (ELISA

plate Reader- Bio-Rad, Hercules, CA, USA) at 490 nm.

Raw absorbance readings were used to calculate the per-

centage cell death compared to that released by triton X-100

detergent. Percentage of cell death was calculated as,

[(values from experimental condition)

− (values from untreated control)]/

[(values from triton treated wells)

− (values from untreated control)] × 100.

Each experiment was repeated six times to ensure consis-

tency.

Detection of apoptosis:
Propidium iodide staining; Toxin treated HeLa cells

were incubated at 37oC for 24 hrs in a 6 well plate and fol-

lowing the incubation cells were trypsinised and collected

in microcentrifuge tubes. Subsequently cells were resus-

pended in 50 µL of PBS and 5 µL of RNase (1 mg/mL) and

5 µL of Propidium Iodide (25 µg/mL in PBS) was added

and incubated at 37oC for an hour. Fluorescence was excited

with an Argon ion laser at 488 nm and visualized under

Nikon Fluorescence micro-scope.

Thin-layer chromatography. The purity of the toxin was

checked by thin layer chromatography (TLC) as described

by Nakamura and Yasumoto (22) with slight modification.

Briefly, TLC assay was performed on silica gel 60-F254 pre-

coated TLC Aluminium plates (10 × 10 cm; 0.25 mm layer

thickness) (Merck, Darmstadt, Germany) with the n-butanol :

acetic acid : water (2 : 1 : 1 v/v) solvent system. The devel-

oped toxins were visualized as a yellow or blue fluorescent

spot under UV light (365 nm) after the plate was sprayed

with 10% KOH, followed by heating at 110oC for 10 min.

High-performance liquid chromatography. Freshly

extracted puffer fish toxin was quantified in 20 mL of ali-

quots on a reverse phase high performance liquid chroma-

tography (HPLC) system by modifying the procedures of

Hanifin et al. (23). Samples were eluted with an isocratic

gradient of 3.0% by volume acetonitrile, 0.97% by weight

heptafluorobutyric acid, and 0.29% by volume of acetic

acid. The elute from the column was continuously mixed

with an equal volume of 4 mol/L ammonium hydroxide

buffer (pH 5.0) and heated in a reaction coil at 110oC. The

toxin was detected with a fluorescence detector, monitoring

the fluorescence at 510 nm with 365 nm excitation. Analy-
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ses were separated with a Synergi 4 µm Hydro-RP 80A C18

column (250 × 4.6 mm, Phenomenex, CA, USA). A Shi-

madzu LC- 10ADvp module provides a primary flow rate of

0.5 mL per min for the mobile phase and a Beckman 110A

provide a secondary flow rate of 0.9 mL per min of 5N

sodium hydroxide for mixing post-column. The mixture

was sent to a Pickering CRX 400 reactor at 130oC for deri-

vatization of toxin into fluorescent breakdown products. A

Hewlett Packard 3390A Integrator recorded the chromato-

graphs and calculated peak areas. Toxins were identified by

comparison of their retention times (Rt) with that of the

standard tetrodotoxins (TTX).

Statistical analysis. All the values are expressed as

means ± S.D. of 6 repeats in each group. Data within the

groups was analyzed using one-way analysis of variance

(ANOVA) followed by Duncan’s Multiple Range Test

(DMRT) using Statistical Package for the Social Sciences

version 16.0.

RESULTS

Yield and toxicity of puffer fish toxin. The amount of

lyophilized crude toxin from A. stellatus organs of muscle,

ovary and liver were estimated as 12.50, 18.35 and 14.45

gm/kg, respectively. The results of the LD50 test showed

that 34.69 ± 0.11 µg/kg of puffer fish ovary toxin was suffi-

cient to kill 50% of the crabs, and followed by the liver and

muscles, whose LD50 values were 42.84 ± 0.28 µg/kg and

45.42 ± 0.47 µg/kg, respectively. The total and specific tox-

icities of each organ extracts were calculated as shown in

Table 1.

Hemolytic activity. The hemolytic activity of A. stella-

tus toxin induced moderate level of hemolysis against the

human erythrocytes and it was expressed as µg/mL of toxin.

Fig. 1 present the hemolytic activity of toxins and the dose

response curve increased hemolysis, when the concentra-

tion of the toxin increased. The maximum and minimum

hemolytic activity was recorded in the gonads and muscle

toxin, respectively.

Brine shrimp lethality assay. Fig. 2 and Table 2 depicted

the brine shrimp lethality. The provoked LC50 value was

Table 1. Steps of partial purification and crabs toxicity (LD50)
level of toxin separated from different organs of puffer fish A.
stellatus

Step
Crabstoxicity (mg/kg)

Muscle Ovary Liver

Defatting 49.78 ± 0.12 38.07 ± 1.14 44.88 ± 0.14

Charcoal 47.22 ± 0.33 37.00 ± 0.03 44.61 ± 0.40

Bio-gel 45.42 ± 0.47 34.69 ± 0.11 42.84 ± 0.28

Fig. 2. Mortality of Artemia salina naupli (%) after 24 and
48 hrs of exposure to toxin extracts from A. stellatus.

Fig. 1. Hemolytic activity of A. stellatus toxin on human eryth-
rocytes. Human erythrocytes were incubated with increasing
doses of partially purified toxin for 60 min. Release of hemoglo-
bin was determined by measuring the absorbance at 540 nm.
Saline was used as a blank for the absorbance measurement.
The 100% control for cell lysis was determined by addition of
water values represent the mean ± SE of three experiments.

Table 2. 24 hr and 48 hr exposed lethal concentration (LC50) of
puffer fish (A. stellatus) toxin extracts used against A. salina
nauplii

Organs LC50 24 hr/(mg/mL) LC50 48 hr/(mg/mL)

Muscle 0.445 ± 0.008 0.133 ± 0.001

Liver 0.417 ± 0.002 0.093 ± 0.006

Gonads 0.437 ± 0.006 0.117 ± 0.003

observed by the different organ (muscles, liver and gonads)

toxin of A. stellatus after 24 hr of exposure when compared

to the control.

Antiproliferative activity of MTT and apoptosis assays.
The antiproliferative effect of puffer fish toxin on HeLa cell

lines are presented in Fig. 3 and [3H] thymidine incorpora-
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tion studies were conducted in three time points at 12, 24

and 36 hr. There was conspicuous inhibition of proliferation

was observed at 24 hr toxin treated cells. The cytotoxic effect

was evaluated by the release of lactate dehydrogenase (LDH)

from HeLa cells subsequent to treating with toxin at vari-

ous time points, did not exceed 37.28%, which suggests that

the antiproliferative effect is by induction of apoptosis in

treated cells (Fig. 4). The treated monolayer of HeLa cells

were contained more apoptotic cells when compared to

untreated monolayer (Fig. 5). There was characteristic nuclear

fragmentation of nuclei in treated HeLa cells, whereas; the

untreated control cells did not show any nuclear fragmenta-

tion. The apoptotic cells displayed the characteristic fea-

tures of reduced size, intense fluorescence of condensed

nuclear chromatin and formation of membrane blebs. Simi-

lar results were observed with the same dose of the toxin

extract on the HeLa cells.

TLC analysis. Fig. 6A and 6B showed that the same

pattern of thin-layer chromatography (TLC) and visualized

as a pink spot after spraying the plate with ninhydrin

reagent with an Rf (Relative factor) value of 0.54 corre-

sponding to that of authentic TTX.

Quantification of TTX. Fig. 7 showed that the HPLC

patterns of A. stellatus toxin and clearly revealed that the

three very obvious peaks with retention times was obtained

at 9.52, 10.35, and 12.47 min and which was conformed and

named as TTX, 4-epiTTX and anhydro-TTX or anh-TTX.

DISCUSSION

Tetrodotoxin (TTX), a powerful and lethal poison is a

sodium channel blocker. TTX has been used extensively to

characterize sodium channels and to study their role in nor-

mal physiology and disease. In the present study, toxin dis-

Fig. 6. TLC of the TTX fraction from different organs of A. stella-
tus, Lane 1: Muscle, Lane 2: Ovary and Lane 3: Liver, (A) After
development, toxin samples were heated for 10 min and visual-
ized under UV light (365 nm); and (B) after development, toxin
samples were sprayed with 0.3% of ninhydrin solution.

Fig. 4. MTT assay showing the cytotoxicity of A. stellatus toxin.

Fig. 3. Antiproliferative effect of A. stellatus toxin on HeLa cell
lines.

Fig. 5. The morphological assessment of nuclear localization of
HeLa cells by propidium iodide staining.
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tribution at the tissue level in A. stellatus (tetraodontidiforms)

and considerable variation exists between and within spe-

cies and several functional hypotheses about the distribu-

tion of TTX were suggested for the first time. Finally, TTX

appears to play both an offensive and defensive role in the

puffer fish and the best of our knowledge, this paper is the

first report on the isolation and identification of biological

and cytotoxic effects of toxin from A. stellatus. The results

from the present study clearly suggested that the tissue spe-

cific distribution of TTX, 4-epiTTX and anhydro-TTX or

anh-TTX in ovaries and livers were unequally distributed.

By crabs (Ocypode macrocera) bioassay method, it was

detected that different organs of the puffer fish toxin showed

different toxicities. The LD50 level of toxicity was esti-

mated as 34.69 ± 0.11 µg/kg for ovary toxin and followed

by liver toxicity was more potent toxic level, whose toxici-

ties were 42.84 ± 0.28 µg/kg and 45.42 ± 0.47 µg/kg, respec-

tively. After the injection of concentrated toxin extracts into

their third walking legs, intense spasmodic movement was

visible and the legs turned tremble with involuntary lateral

movements, appendages were shivering and showed a stiff-

ness change in carapace color, complete loss of control,

paralysis, and respiratory distress was observed prior to

death. Some of these symptoms suggested that the neuro-

toxic effects are convulsions, leads to paralytic, foaming,

colour changes, restlessness and mortality.

Presently, massive active toxin from puffer fish and these

toxic polypeptides affects the muscular cells producing con-

tractions on the crab legs. This result was in concurrence

with Ali (24) and Béress and Zwick (25), who reported that

the puffer fish toxins were concentrated in the ovaries and

liver, with lesser amounts present in the digestive tract and

skin. Similarly, Béress and Béress (26) reported that the

neurotoxic polypeptides act at the level of sodium chan-

nels, and could maintain their structural stability and func-

tionality during the purification process by forming disulphide

bridges. Moreover, the ovary and other genital organs of

neurotoxin containing vertebrates such as California newt

Taricha torosa (27), flatworm Planocera multitentaculata (15),

and sea anemone Stichodactyla mertensii and S. haddoni

(28) were reported that they are highly toxic. In addition,

the results of the present study revealed that the isolated

neurotoxin from each organ of puffer fish was defatted with

CH2Cl2 and purified using activated charcoal followed by

gel filtration using Bio-Gel P-2 column chromatography. It

was found that after gel filtration, there was some loss in

toxicity in the case of muscle and liver obtained during pro-

cessing, but in the case of ovary (gonads), it was increased.

The results of the present study exposed that the maxi-

mum and minimum hemolytic activity in the gonads and

skin toxin, respectively. These types of primary techniques

very useful to testing the normal cell line in laboratory con-

dition. The results of the present study suggested that the

maximum 130.30 µg/mL amount of tetrodotoxin produced

50% hemolysis of the erythrocytes present in 200 mL of a

1% suspension of these cells, and 286.60 µg/mL causing

100% hemolysis. This observation is in agreement with the

finding for toxin from Bartholomea annulata, in which

hemolysis was induced in mouse erythrocytes (29). Accord-

ing to Gleibs et al. (30) has been reported that the hemo-

lytic unit (HU) as the amount of material necessary to

produce 50% hemolysis in human erythrocytes within 4 hr

incubation of PTX from Palythoa and other marine animal.

Similarly, Gleibs and Mebs (31) quantified one hemolytic

unit (HU) in 0.4 µg of PTX, but due to the different sensi-

tivity of mammalian erythrocytes to PTX (32); this value

should probably be referred only to human red cells. A sim-

ilar definition of the HU, without references to the time of

incubation, is also given by Lenoir et al. (33) reported with

mouse red cells. Taniyama et al. (34) quantified PTX

effects with the percentage of hemolysis, calculated with

the ratio between the value measured for a sample and that

Fig. 7. HPLC analysis of TTX and its derivatives extracted from A. stellatus (A) and (B) authentic TTX: 1, TTX; 2, 4-epi-TTX; 3, anh-TTX.
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registered for the total hemolysis.

The brine shrimp lethality assay represents a rapid, inex-

pensive and simple bioassay for testing bioactivity of toxin

extracts which is correlated reasonably well with cytotoxic-

ity and anti-tumor properties (35). Only a few species were

lethal activity against the brine shrimp bioassay at 10 and

100 µg extract per mL. A lower relationship between the

shrimp bioassays and cytotoxicity assays was found. How-

ever, most of the marine animals presented toxicity in some

of the bioassay at 1000 µg/mL in a way that was consistent

with the cytotoxicity results. As anticipated, lethality was

increased with increased toxin concentrations and these

results were in agreement with the brine shrimp lethality of

puffer fish toxin activities observed using Meyer et al. (19)

method. In the A. salina lethality bioassay, the TTX extracts

of different organs such as muscles, gonads, and liver

belonging to puffer fish were the most toxic and LC50 val-

ues of the brine shrimp lethality. No mortality was observed

in the wells to which Milli-Q water was added. The acute

and chronic LC50 value for potassium dichromate was esti-

mated to be 530 and 20 ppm respectively.

The LC50 values are obtained from different organs (mus-

cles, liver and gonads) of puffer fish toxin after 24 hr of

exposure were 0.445 ± 0.008, 0.417 ± 0.002 and 0.437 ±

0.006 mg/mL, respectively. The toxicity of these puffer fish

toxins was confirmed after a longer exposure time (48 hr),

as evidenced by the LC50 values (Table 2). Recently, Lopes

et al. (36) studied that the maximum sensibility of brine

shrimp lethality was reached after 48 hr of longer exposure.

High incidence of toxicity in sponges and echinoderms

seems have been an effective defense mechanisms against

many predatory fishes, which increases closer to the tropics

(almost 100% of all species tested) (37). In this study, dif-

ferent organs tetrodotoxin extract of A. stellatus, has good

quality for the production of bioactive compounds. The

degree of lethality was found to be directly proportional to

the concentration of the toxin extract and the maximum

mortalities took place at a concentration of 1000 µg/mL,

whereas least mortalities were at 10 µg/mL concentration.

This significant lethality of different organ of puffer fish toxin

to brine shrimp is an indicative of the presence of potent

cytotoxic components which deserves further investigation.

The antiproliferative effect of puffer fish toxin on HeLa

cell lines and [3H] thymidine incorporation studies were

conducted in three time points at 12, 24 and 36 hr. The pres-

ent result was expressed as counts of [3H] thymidine incor-

porated into the actively proliferating cells per min per mg

toxin of the cell mass. The cells control and PBS control

shows the maximum counts of [3H] thymidine (around 3135

cpm/mg peptides) when compared to the treated cells. Dose

dependent study shows that 4 µg/mL of toxin investigated

the maximum inhibition (952 cpm/mg peptide for HeLa

cells, respectively) and the same doses level (4 µg/mL) was

did not confirm any cytotoxicity of the normal human lym-

phocytes. The result of the present study revealed that the

puffer fish toxin could be found in some of valuable sub-

stances and presents a great potential as an anti-tumor agent.

Hence this level of dose alone was used for further studies.

However, puffer fish toxin was found to have a selective

sensitivity of cancer cells. Here, the question arises, whether

the antiproliferative effect is by apoptotic or necrotic path-

way. Monolayer of HeLa cells were treated with fish toxin

peptide (4 µg/mL) and the extent of apoptosis were assessed

by propidium iodide staining. This was confirmed by the

MTT assay, the release of LDH is considered to be of

necrotic pathway and the treated cells showing very less

levels of LDH after 24 hr, suggests that the event of cell

death by apoptosis. According to this result, the regulation

of apoptosis in both normal and malignant cells has become

an area of extensive study in cancer research (38). Herr and

Debatin (39) reported many agents that induce apoptosis are

often found to target the mitochondria and promote the acti-

vation of caspases, which are important proteolytic enzymes

responsible for the execution of apoptosis. Correspondingly,

Lipps (40) reported that the two protein fractions from

snake venom, Atroporin and Kaotree on SP/2 cell line and

Gerl and Vaux (41) suggested that a cancer cell treated with

a potentially lethal toxin will not die because of the direct

effects of toxins, but will activate its suicide mechanism to

die earlier by apoptosis. Thus, in light of the previous find-

ings, it is evident that puffer fish toxin induces apoptosis

selectively in cancer cells.

The isolated puffer fish toxins were characterized by thin-

layer chromatography and results showed that the same pat-

tern and visualized as a pink spot after spraying the plate

with ninhydrin reagent with an Rf (Relative factor) value of

0.54 corresponding to that of authentic TTX (Fig. 6B). In

the case of muscles, gonads, and liver, an additional two

spot with Rf values of 0.36 and 0.23 were appeared, coincid-

ing with that of anh-TTX. As seen in Fig. 6A, the TLC pat-

terns of the isolated puffer fish toxin were detected under

UV light illumination (365 nm) as one clear fluorescent

blue spot with an Rf value of 0.54, when sprayed with 10%

of KOH, suggesting that these spots were associated with

TTX. The present results of toxin agreed well with those

obtained by Ali (24) on the liver toxin extracted from puffer

fish Arothron hispidus. Freeman and Turner (42) reported

that the level of toxicity is similar in tetrodotoxin and MTX

& TTX while using the thin layer chromatography plates.

The positive reactions to all the reagents were obtained for

both toxins, and the colours produced were the same for the

polychromatic sprays (e.g. ninhydrin-dicylohexylamine). This

finding is corroborated by reports from Croft and Howden

(43) described that both TTX and MTX gave positive reac-

tions for sodium ions. The MTX and TTX had the similar

Rf values (0.4) in n-butanol-acetic acid-water, whereas saxi-

toxin was separated Rf values were observed at 0.23 and

isopropanol-acetic acid-water MTX and TTX had Rf values



222 A. Veeruraj et al.

of 0.52 and 0.53, respectively. TTXs were the major toxins

in all tissues of all specimens tested in this study, and MTX

were also detected in almost all tissues as the minor compo-

nents.

The quantification of A. stellatus toxin clearly revealed

that the three clear peaks with retention times was obtained

at 9.52, 10.35, and 12.47 min (Fig. 7A), which were in good

conformity with those of standard TTX, 4-epiTTX and

anhydro-TTX or anh-TTX (Fig. 7B), respectively. Total

toxicity of the three components calculated from their spe-

cific toxicities coincided well with the toxicity determined

by brine shrimp and crabs bioassay in A. stellatus. The pres-

ent finding suggests that most of the paralyzing activity

could be due to the TTX compounds excreted from the dif-

ferent organs of puffer fish and it was noted that TTX as a

major toxin and anh-TTX as a minor toxin levels. There-

fore, at least one of these compounds was showed presence

of toxicity in the crabs and brine shrimp assay. In conclu-

sion, A. stellatus toxin was containing several factors with

antiproliferative and biological activity, in different organs.

The A. stellatus toxin has been potent cytolytic activity and

the viability of cancer cells was dose dependent manner

against HeLa cells. The hemolytic activity and cell line

studies have been pointed out the cytolytic activity of the

tetrodotoxin and the present results open up new vistas for

research on the effects of A. stellatus toxin on cytolytic

activities. These findings suggested that the isolated puffer

fish toxin might play an important role in TTX accumula-

tion/production in A. stellatus. However, the potential sources

of TTX in puffer fish still need intensive study. Therefore,

further studies are needed in order to purify the active com-

pounds to identify their chemical nature and to evaluate

their potential as novel drug from the puffer fish toxin.

Additionally, we propose a bio-guided isolation of the new

compounds responsible for the presence of biological activ-

ity and colon cancer-preventive agent on experimental

higher and lower animal models, with the purpose of being

used as pharmaceutical entities or for the standardization of

marine natural biomedicines.
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