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ABSTRACT KEYWORDS
Puffer fishtoxin, tetrodotoxin(TTX) wasisolated and purified fromliver of Puffer fish;
puffer fish(Tetraodon patoca) by thin layer chromatography and eluci- Tetrodotoxin;
dated by IR, 'H-NMR, B¥C-NMR and mass spectroscopic data. The Tetraodon patoca;
tetrodotoxin,(2.25ug) wasadministrated daily intraperitoneally for 14 days. Hhistopathology.

There was a significant difference observed between weight loss in rats
receiving TTX and control rats(103.0+0.5 vs 123.0+0.5 respectively). A
significant changes detected in haematology RBC, 3.40+0.25 vs
5.05+0.05(cdllsmL)x10°%; WBC, 5.05+0.005 vs6.525+0.051(cdlIsmL 1)< 105,
Hb, 10.20+0.89 vs 14.50+0.20(%); platelet, 367.0+0.05 vs 335.0+1.25(cells
mL1)x10°%and ESR, 16.5+1.20 vs 11.25+1.29(mnvh), in blood parameters
(SGPT, 10.0+0.50vs8.75+0.82 int. unitsL*; SGOT, 11.70+0.05vs10.0+0.70
int. unitsLY; SALR, 43.0+0.075vs37.4+0.027 int. units_%; bilirubin, 0.38+0.025
vs0.31+0.048 mmol L %; creetinine, 1.92+0.075vs 1.57+0.018mgdL * and urea,
21.25+0.50vs17.75+0.84mmol L for experimental and control rats, respec-
tively. In histopathological study, it showed that al the tissues such as
liver, lung, heart and kidney of rats were affected after treatment with the
toxins but the changes were more pronounced in liver as compared to the
other tissues. © 2007 Trade ScienceInc. - INDIA

INTRODUCTION 16 November 1998 afood poisoning incident dueto

ingestion of puffer fish of related species, Takifugu

Poisoning duetoingestion of toxic puffer fishhave  oblongus occurred, affecting 8 people died among 15
frequently occurred in Japan and aso in Taiwan, victimdd. Thereisverylittleinformationavailableonthe
Hongkong, Ching Thalland, SnggporeMdaysia, Kiribdi, freshwater puffersresponsiblefor the poisoning, their
Figi Australia, Papua NewGuinea, Bangladesh and  toxicity scoresand toxin compostion. Inorder toclarify
U.S.A. withmuch fewer victimg®2. InBangladeshon  thissituation, freshwater puffer specimensof Tetraodon
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sp. were collected from Bangladesh and their toxicity
wasassayed. Since humanintoxications caused by con-
sumption of alittletoxin seemed to beanintriguing mat-
ter, which motivated usto conduct abiochemical and
histopathol ogical investigation onthefreshwater puffers
poisoning.

Two speciesof freshwater puffer fish, Tetraodon
cutcutia and Chelonodon patoca, inhabiting
Bangladesh, possessed considerableamountsof para:
Iytic toxins, whichwere composed of saxitoxin(STX),
decarbamoylsaxitoxin(dcSTX), gonyautoxins2 and 3
(GTX2,3), decarbamoylgonyautoxins 2 and 3
(dcGTX2,3), and three unidentified components (des-
ignated STX-uk, GTX-uk1 and GTX-uk2)®.

Recently, someresearchersreported that freshwa-
ter puffersin Thailand, which once caused afood poi-
soningincident™, werehighly toxic, and that thetoxic
principlewastetrodotoxin(TTX), asinmarinepufferg®”,
athough Kungsuwan et al. detected pard ytic shelfish
poison(PSP) fromaThal freshwater puffer T.lelurusas
themaintoxin®. Zaman et d., d so reported the occur-
renceof amethyl derivativeof saxitoxinin Bangladeshi
freshwater puffers, Tetraodon cutcutial®. Therefore, the
present study on puffer fishavallablein Bangladeshi river
wasanayzed to obtain moreinformation about the na-
tureof toxin or other toxin substances.

This paper described biochemical and histopatho-
logicd toxic effect of tetrodotoxin(TTX) isolated from
puffer fish Tetraodon patoca, availablein Bangladeshi
riverinras.

MATERIALSAND METHODS

Fish collection

Thefishwerecollected after catching from Rupsha
river sourrounding Shundarban areathat islocated in
Southwest part of Bangladeshin month of November
2003. Thefishwereidentified by FisheriesLaboratory,
Zoology Department, Rgjshahi University, Bangladesh.
Chemicals

All organicsolventsused inextractionandisolation
wasanaytica grade supplied by Marck, Germany. The
PTLC Silicagel-60 plateswere collected from Fluka,

Switzerland. IR-spectrum wasmeasured by KBr using
Shimadzu FTIR 8400 spectrophotometer. *H NMR and
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BC-NMR spectra were recorded using Bruker
400MH, spectrophotometer and CD, COOD/D,O as
solvent. Normd sdine, haematoxylinand eosin(H & E)
wereadll andytica grade.

Animals

Long Evan’srats(110-113g) were collected from
theAnimal ResourcesBranch of Thelnternationa Cen-
ter for Diarrhoeal Research, Dhaka, Bangladesh. The
experiment was performed at the Department of Pa-
thology, Rajshahi Medicd College. Theratswerekept
in numbered iron cages for two weeks before treat-
ment. They werefed abalanced diet™® and tap water,
under standard conditions of a12-h dark-light cycle,
60+10% humidity and atemperature of 21.5+1.0°C.
These protocols were approved by the Institutional
Anima Careand Use Committeeof UNICAMPwhich
followsthe recommendati ons of the Canadian Council
onAnimd Care.

| solation and purification

Theliver(100gm) wastakenin acontainer contain-
ing cold ditilled water(300ml) and mixed uniformly with
dow stiringfor 2h a room temperature. After centrifu-
gation at 8000rpm for 8min at 10°C, the supernatant
(ag.) extract waswashed with different organic sol-
vents such as n-hexane, chloroform and ethyl acetate
successively to remove organi ¢ solvents soluble mate-
rialsand the aqueousfraction wasfreezed dried. Then
it wasdevel oped with PTLC on Silicagd-60(Fluka)
using 1-butanol: acetic acid: water(8:1:1) asdevel op-
ing solvent. Then the corresponding band was scrap
off under UV at 254nm and el uted with water followed
by freezedried to afford thedesired compound, TTX.

Adminigration

Compound, TTX(0.25mg) wasdissolvedin 3.3ml
water to get astock solution and administered 300uL
intraperitoneally at adose of 2.25ug/day for 14 con-
secutive daysto experimental group and control group
received only water. Four ratswereinjected in each

group.
EXPERIMENTAL

A measured amount of freshfood wassupplied daily
at 10.00a.m and the general well-being and behavior
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of theanima swereobsarved daily, throughout the studly.
For the haematological study, blood wasdrawn from
thetail vein of both the groupsbeforeadministration of
the compound and after the experimental period, to
estimatethetotd and differential blood count, platel et
count, and percent haemogl obin. For the biochemical
study, blood was collected from each rat sacrificed at
day 14 fromthejugular veinsof each of theanimals.
Serum glutamic-oxaloacetic transaminase, serum
glutamate pyruvatetransaminase, serum dkalinephos-
phatase, urea, uric acid and creatinineweredetermined
using standard procedures and reagents supplied by
Boehringer Mannhem GmbH.Diagnostica. Histopatho-
logica studiesof theliver, kidney, heart and lungwere
performed using haematoxylin, eosn stainand D.P.X
mounting fluid. The sampleswere observed under a
microscope at the department of pathol ogy, R shahi
Medica Callege, Rgjshahi, Bangladesh.

Satistical analysis

Resultsare presented asthemeants.d. Sudent’ss
t-test was used for comparison between the experi-
mental and control groups. P<0.05 wasconsidered to
bedatisticaly sgnificant.

RESULTSAND DISCUSSION

Characterization of TTX

ThelR spectraof presently purified TTX showed
characterigtic dbsorption at 3405 cm}(OH), 1623cm?
(guanidium), 1559cn}(COQ) and at 1120cnr dueto
C-Ogretching bond whichweresimilar with thereported
datafor TTX™, It also gaveaidentical peck at 279nm
smilartoTTX™, Inthe®*C-NMR datall signdswere
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Figurel: Sructureof TTX

TABLE 1: Changesin body weight of control and toxin treated
rats

Body weight
After
Group ex B;fionrqeén ¢ exper imental C?;n)ge
P period 0
Control 110.17+1.45  114+1.87 +3.47+0.28
Toxintreated 112.12+1.34 94.25+2.29  -15.93+0.70

Values are meants.d n=4. There was significant difference be-
tween body weight of control and experimental rats

observedincluding the carbonyl group at 5. 156.6 and
the '"H-NMR data showed characteristic peaks at 3,
5.42(d, J=9.4Hz) and 5,, 2.65(d, J=9.6Hz) for H-4 and
H-4aof aguanidiumring system, that isthetypica spin-
spin coupling constant between thesetwo protons. All
other 3C-NMR and *H-NMR data were very close
agreement with the published dataof TTX(Figurel),
previoudy isolated from puffer fisheswhich gaveamo-
lecular ion peak(M+H)* a m/z 320 and at m/z 302 due
to(M+H-H,0) *ionthat corresponding to the molecu-
lar formulaof TTX(C,H,N.O,) 3%, To best of our
knowledge, thisisthefirst occurrence of tetrodotoxin
fromfreshwater puffer fishavailablein Bangladesh.

Grossgeneral observation

The control group rats did not show any abnor-
maditiesand their food intake was al so observed to be

TABLE 2: Haematological profilesof control and TTX(2.25ug/day) treated ratsof theexperimental periodsfor 14 days

Par ameters Control TTX treated rats
1% day M+SD 7" dayM+SD 14" day M+SD 7" day M+SD 14" day M+SD
RBC(cellsmL™x10°) 5.05+0.05 5.10+ 0.25 5.0+ 0.05 3.60? 0.05 3.40+0.25
WBC(cellsmL *x10°) 6.525+0.51 6.41+ 0.50 6.45+ 0.2 5.80? 0.10 5.07+0.005
Neutrophil (cellsmL*x10° 43.5+2.29 43.0+ 2.25 42,5+ 2.29 40.2? 0.05 35.5+0.50
Lymphocyte(cellsmL *x10° 53.20 +2.121 52+1.01 53.0+2.1 41.20? 0.05 33.05+0.20
Monocyte(cells mL™x10°) 4.75+0.43 4.0+0.45 4.25+ 0.40 3.85? 0.25 3.50+ 0.025
Eosinophil (cellsmL™x10°) 4.25+0.020 4.5+0.025 4.85+0.005 4.20+ 0.005 4.5+0.025
Platelet(cells mL*x10°) 335.0+1.25 333.0+1.58 336.0+1.25 352.0+0.52 367.0£05
Hemoglobin(%) 14.50+0.20 14.80+0.24 15.70+0.50 12.75+0.344 10.20+0.898
ESR(mm/1 hour) 11.25+1.29 12.5+1.05 12.86+1.15 13.5+1.25 16.5+1.20

Values are meansts.d., n=4. There were significant differences between control and experimental values for all experiments
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normal. On the other hand, the experimental group
rats(TTX treated) showed somenoticeablesigns, such
astremor, convulsions, reflex abnormdities, muscular
parayss, muscular numbness of thehind and four legs
aswell assalivation. Further thefood intake per-day
wasasofoundto bemuchlessthanthat of control rats.

Body weight

TABLE 1 showstheindividual and average body
weight of all ratsbeforeand after administration of the
toxin. The body weight of TTX treated rats was de-
creased by 15.93% whilethat of the control group was
increased by about 3.47% after theexperimenta period.

Haematological profiles

Asgivenin TABLE 2, thehaematol ogicd profiles
such astotal RBC, tota WBC and differentia count of
WBC and haemoglobinweredecreased in TTX treated
rats as compared to those of control group. Remark-
ably, the platelet count and ESR were increased in
treated rats after the experimenta period.

Biochemical parameter sof blood

TABLE 3: Biochemical parameter sof control and TTX treated
ratsafter theexperimental periodsof 14days

Control  TTX treated |
Parameters n=4M £SD, rats % of change
(intslﬁ.]li::;_—l) 8.75+0.82 10+£0.50 +14.28+0.39
(i ntsli‘]ﬁ;_'l) 10+0.70 11.70+0.50 +17+0.28
(intsli\nli_tzL'l) 37.4+0.027 43.57+0.075 +16.48+0.17
Serum

bilirubin ~ 0.317£0.048 0.38+0.025 +19.87+0.047

(m mol/L)

C(;qegtéf'.?)e 157+0018 1.92+0.075 +22.29+0.31

(mL;:jef.l) 17.75:0.84 21.25£0.05 +21.25+0.94

Values are meansts.d., n=4. There were significant differences
between control and experimental values for all experiments

TABLE 3 shows the biochemical parameters of
blood. All the parameterssuch as SGPT (serumglutamic-
pyruvatetransaminase), SGOT (serum glutamic-oxao-
acetic transaminase), SALP(serum akaline phos-
phatase), bilirubin, creatinineand urealevel sof serum
wereincreased significantly in experimenta groupin
comparisontothat of control group indicating that the
tetrodotoxin(TTX) had toxic effectson liver and kid-
ney functions.

Histopathological observations

A marked detectable histopathol ogical difference
among the tissues of control(water only) and TTX
treated rats(2.25ug/rat/day for 14 consecutive days)
were observed after theexperimenta period(Figure?2).
It wasfound that thetissues such asliver, kidney, lung
and heart of thetoxin treated ratswereaffected and the
changesweresummarized in TABLE 4. Although all

@ /| Severe cong
%% of blood

Experimental(TTX tr eated)
Figure2: Microphotograph showing histopathological
changesin theliver tissuesof control and experimental
(TTX treated) rat after intraperitoneally injection of
2.25pg/rat/day of thetoxin

TABLE 4: Changesobserved in different tissuesafter treatment with TTX for 14 daysin rats

Types of effectiveness

Sample Tissue TTX(Treated)
Concentration of TTX (2.25ug/rat/day) Liver  Severe congestion of blood vessels. No inflammation and necrosis.
Heart  Mild congestion of blood vessels and inflammation .
Kidney Inflammation, soma edema and vascular congestion.
Lung Mild congestion of blood vessels and inflammation .
Control (300 uL of distilled water All the  Therewas no inflammation, necrosis, stoma edema and congestion
injected intraperitoneally) tissues  of blood vessels of the liver, lung, heart and kidney.
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thetissuesof the experimentd rats(toxintreated) were
severely affected but the changes were more notice-
ableinliver ascompared to that of others.

CONCLUSION

It can be concluded from the present datathat the
tetrodotoxin, TTX hashightoxic effectsinratsat dose
and duration used in this study. It was also reported
that symptoms of poisoning patientsresembled partly
those caused by tetrodotoxin(TTX) or paralytic shell-
fish poison(PSP)1*.. Puffer fish possesses paralyzing/
paytoxin(Tetrodotoxin, TTX and anal ogues) that are
secreted upon stimulationl*¥. It was al so described that
anendogenousoriginof tetrodotoxininpuffer fish. Puffer
fishaccumulatesTTX at an extremely high concentra-
tionin their tissuesamong with saxitoxin(ST X126
19, Furthermore, some speciesof puffer fish havebeen
reported to accumulate saxitoxin(STX) astheprincipa
toxin™"29, |t wasa so reported that TTX isone of the
most potent molecul esthat selectively blocksthevolt-
age sensitive sodium channel s of excitabl etissues?Y.

Thehistopathologica study indicatesthat dl thetis-
suesaswell asmetabolic systems(based on changesin
thebiochemicd parametersand hisiopathol ogicd changes)
were affected after administration with thetoxin, TTX.
The changeswere observed to bemore pronounced in
liver ascompared to the other tissuesexamined. Similar
liver toxicity wasprevioudy found from Bangladeshi puffer
fishi“. But thetoxicity showedinthisstudy isnot only
PSP/ TTX, but might be other toxin(s). Therefore, the
origin, mechanism of toxicity, or metabolic pathway of
thiscomponent remainsto bestudied.
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