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Occurrence of Tetrodotoxin in Red-eye Puffers from Balai Ringin, Sarawak 

Nik Nor Fathiah Binti Noordin 

Aquatic Resource Science and Management 

Faculty of Resource Science and Technology 

Universiti Malaysia Sarawak 

 

ABSTRACT 

Analysis and quantification the toxin properties were carried out on two species of red-eye puffers, Carinotetraodon 

borneensis (CB) and Carinotetraodon salivator (CS) from Balai Ringin, Sarawak. Total numbers of 50 individuals of both 

species were collected by gills nets and morphometrics data (i.e. standard length, total length, body weight) were measured 

and morphological appearances were described. Two different samples, frozen and fresh were analyzed for toxin properties by 

using thin layer chromatogram (TLC) and high performance liquid chromatogram (HPLC). Fish tissues (i.e. muscle, skin, 

internal organs) were extracted by mild concentration of 0.1% acetic acid and the extracts were used in both chromatograms 

analyses. In TLC analysis, two solvent systems were preformed to identify the toxin properties as the results shows that for 

CB frozen samples – muscle and internal organs gave single fluorescent spot with Rf values identically same as tetrodotoxin 

(TTX) standard. Meanwhile, in fresh samples the same Rf values of TTX only appeared in skin and internal organs. For CS, 

muscle and internal organs extracts were identified contained TTX properties in fresh samples, whereas only in muscle tissues 

of frozen samples gave positive results. The HPLC analyses were conducted to determine toxin properties and concentration 

based on partially purified toxin extraction of CB and CS tissues. The toxin was characterized as TTX in all samples of both 

species, with different concentration among the tissues. Toxicity level (MU/g) of CB and CS were determined low in muscle 

(2.0, 1.5) and skin (5.5, 3.0), and high in internal organs of CS up to 40.3 MU/g. In conclusion, both chromatograms analyses 

confirmed the occurrence of TTX in both red-eye puffers’ samples from Balai Ringin. 

 

Keywords: Carinotetraodon borneensis, Carinotetraodon salivator, thin layer chromatogram (TLC), high performance liquid 

chromatogram (HPLC), red-eye puffers 

 

ABSTRAK 

Analisis dan kuantifikasi ciri-ciri toksin telah dijalankan ke atas dua spesis ikan buntal, Carinotetraodon borneensis (CB) dan 

Carinotetraodon salivator (CS) dari Balai Ringin, Kuching. Sebanyak 50 ekor ikan buntal telah ditangkap dengan 

menggunakan pukat insang dan digunakan untuk kajian morfologi sampel-sampel ikan. Sampel dibahagikan kepada dua jenis 

iaitu sampel ikan beku dan sampel ikan segar untuk dianalisis kandungan toksik. Analisis toksik dijalankan dengan 

menggunakan Sistem TLC dan Sistem HPLC. Tisu-tisu ikan telah diekstrak menggunakan 0.1% acid asetik kemudian diikuti 

dengan analisis toksik menggunakan Sistem TLC. Sistem TLC menggunakan dua jenis sistem larutan dan keputusannya 

menunjukkan bahawa sampel ikan beku CB- tisu isi ikan dan organ dalaman mempunyai satu tompok yang sama dengan 

tompok standard tetrodotoxin (TTX). Sementara itu, untuk sampel ikan segar, nilai Rf yang sama dengan nilai Rf yang 

terdapat pada TTX ditunjukkan pada tisu kulit dan sampel organ dalaman. Bagi CS, tisu isi ikan dan organ dalaman 

mempunyai TTX pada  sampel ikan segar tetapi berbeza pada sampel ikan beku, kehadiran TTX hanya ditunjukkan pada tisu 

isi ikan. Analisis menggunakan HPLC telah dijalankan untuk  menentukan kandungan toksik pada sampel-sampel CB dan CS. 

Semua tisu untuk kedua-dua spesis mengandungi TTX, walaubagaimanapun kandungan TTX berbeza untuk setiap tisu. 

Kandungan toksik (MU/g) untuk CB dan CS adalah rendah pada tisu isi ikan (2.0, 1.5) dan tisu kulit (5.5, 3.0) tetapi tinggi 

pada tisu organ dalaman dengan nilai 40.3 MU/g. Kesimpulannya,kedua-dua analisis menggunakan kromatografi 

membuktikan kehadiran TTX untuk kedua-dua spesis ikan buntal yang ditangkap di Balai Ringin. 

 

Kata kunci: Carinotetraodon borneensis, Carinotetraodon salivator, kromatografi lapisan nipis (TLC), kromatografi cecair 

berprestasi tinggi (HPLC), ikan buntal harimau dan ikan buntal belang     
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1.0 INTRODUCTION  

 

Puffer fishes are known as blowfish and globefish because of the ability to inflate the body 

with water or air when threatened (Sabrah et al., 2006). In Malaysia, the puffer fish called as 

‘ikan buntal’ among Malay people. There are many type of puffer fish species in the world 

and was classified under order of Tetraodontiformes (Atack, 2006) and belong to the family 

Tetraodontidae (Noguchi et al., 2006). Commonly, Tetraodontidae described based on the 

characteristics of puffer fish which having four teeth. The word ‘tetra’ means four and ‘odon’ 

mean teeth, two upper and two lower which is in semi-fused to form a sort beak dental plate 

with a median suture.  

Basically, the morphological features of Tetraodontidae have short, lateral compressed and 

oblong body (Lim & Kottelat, 1995). In many species are covered with scales in small spiny 

bristles, the modified scales in form of plates like armor or ossicles was covered all part of the 

puffer fishes body (Berra, 2001). In movement, the dorsal and anal fin play important role to 

move in constant wave which enables the puffer fish to reverse, hover and stop in short 

distance.  

The puffer fish has unique defense mechanism which is differentiated the puffer fish from 

others fish. The puffer fish have ability of inflating or ‘puff up’ the body with gulp the water 

or air into a ventral diverticulum of the stomach (Berra, 2001) to over twice the original size in 

threat condition (Atack, 2006) making it difficult for predators to swallow them. The puffer 

fish have thick skin that will stretch when the puffer fish puff up. The puffer fish will ‘puff up’ 

the elastic stomach and the skin will stretch until almost spherical and making the size of 

puffer fish’s body is big for predator to eat. 
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The habitats of puffer fish are various, most of the puffer fish can be found in the marine 

environment for example Lagocephalus lunaris (Noguchi & Arawaka, 2008). However, some 

species live in the brackish water such as Tetraodon nigroviridis (Mahmud et al., 1999) and 

inhabits freshwater for example Tetraodon leiurus (Kodama & Ogata, 1984). Based on 

geographical distribution, the puffer fish found in the tropical and subtropical areas which are 

Atlantic, India and Pacific Oceans (Atack, 2006). According to the survey by researcher from 

Sarawak Fisheries Research Institutes in Malaysia, there are approximately 12 species of 

marine puffer fish identified from Tetraodotidae family.   

According to Lim & Kottelat, (1995), C. borneensis and C. salivator are an example of the 

freshwater puffer fish species that able to find in Malaysia and distributed only in south 

western of Sarawak, Malaysia . In Sarawak Redeye puffer are documented at Sungai Batang 

Kerang located in Balai Ringin (Khairul, 2009; Mohamad & Ling, 2010). 

Generally, puffer contained mainly Tetrodotoxin (TTX) toxin. However the toxicity and 

toxins type of freshwater and marine puffer fish species is slightly different, the poison in 

freshwater puffers may be composed of TTX, Saxitoxin (STX) and (paralytic shellfish 

poisoning (PSP) (Oliveira et al., 2006).   

Popularity of red-eye puffers among pet lovers was increased demand of this fish in the 

market as ornamental fish and toxins produced from red-eye puffers might be useful as active 

components in medical purposes (Mohamad & Ling, 2010). Due to lack of information about 

toxin properties of Redeye Puffer led to this study carried out.  
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In this work, the samples were studied based on the morphological features to identify the 

species of red-eye puffers. The fish were differentiate by body shape, stripes etc. Identification 

species based on methods used by Mohamad & Ling, (2010) 

The toxins from different tissues of puffer fish was extracted by using mild concentration 

of 0.1% acetic acid (AcOH) and the crude extraction were analyzed thin layer chromatography 

(TLC) as part to identify to properties. Meanwhile, for toxin verification and toxicity 

concentration the crude extraction of fish tissues were partially purified and subjected for high 

performance liquid chromatography (HPLC) analysis. In addition, then comparison of toxin 

properties between fresh and frozen samples were undertaken in order to verify toxin contain 

in both condition. 

2.0 LITERATURE REVIEW 

2.1 Morphology of Red-eye Puffers 

2.1.1 Carinotetraodon borneensis 

 C. borneensis known as Borneo red-eye puffer (Regan, 1903) and called ‘Buntal 

Harimau’ among local people. C. borneensis is small fish in bullet shape body and the caudal 

fin is dark grey with a white margin, species found in Balai Ringin have brown bodies with 

yellow triangle pattern on the head (Atack, 2006). Morphologically, C. borneensis had white 

colour of anal, dorsal and pectoral fin, except for the male with red dorsal fin. Behavior of C. 

borneensis is unique, Borneo red-eye puffer are inactive during day, however aggressive to 

hunt the foods after dark. C. borneensis distributed in south-western of Sarawak (Mohamad & 

Ling, 2010). 
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2.1.2 Carinotetraodon salivator 

 C. salivator known as Stripped red-eye puffer (Lim & Kottelat, 1995) and called 

‘Buntal Belang’ among local people. C. salivator is small fish and lateral compress shape and 

can be differentiating from other species in family Tetraodontidae based on complex 

reticulated stripe at mid-dorsal and mid-ventral skins (Lim & Kottelat, 1995). The belly of C. 

salivator is whitish colour. The difference between male and female is the body size, male 

have a body size bigger than female (Mohamad & Ling, 2010). 

2.2 Distribution 

C. borneensis and C. salivator are indigenous species to Borneo. Both species able to 

find in Batang Kerang River locate in Balai Ringin. Batang Kerang River composes of two 

types of river which are brown water and black water, according to Khairul (2009) C. 

salivator found in brown water area. Besides, C. salivator also inhabit middle and lower 

Rajang basin. Study conducted by Lim & Kottelat (1995); Parenti & Lim (2005) shows that C. 

salivator found in Rajang basin, specifically in Kapit River. Ecologically, C. salivator inhabit 

large river with 15m wide and more than 2m depth. The bottom of the river is soft and silty or 

sandy in some parts (Lim & Kottelat, 1995). 

2.3 Ornamental Fish 

According to Khairul, 2009; Mohamad & Ling, 2010 C. borneensis and C. salivator 

well known as aquarium fish, however both species traded very occasionally compared with 

other red-eye puffers such Carinotetraodon lorteti (Tropical Fish Finder, 2006). 
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2.4 Freshwater and Brackishwater Puffers – Toxin Studies 

2.4.1 Tetraodon patoca 

The information available on the freshwater puffer fish is very little, because of this 

factor the freshwater puffer fish Tetraodon sp collected from Bangladesh to assay the 

toxicity. Besides, human poisoning caused by consumption of little toxin lead to conduct a 

biochemical and histopathological investigation on the freshwater puffer fish poisoning. 

Toxin in T. patoca possessed considerable amounts of paralytic toxins which were composed 

of saxitoxin (STX), decarbamoylsaxitoxin (dcSTX), gonyautoxins 2 and 3 (GTX2, 3) 

decarbamoylgonyautoxins 2 and 3 (dcGTX2,3) and three unidentified components 

(designated STX-uk, GTX-uk1 and GTX-uk2). Toxin of T. patoca was purified and isolated 

from liver, heart, kidney and lung (Hassan et al., 2008).  

Analytical methods that used in this research are TLC, Infrared Spectrum, H-NMR, C-

NMR and Mass Spectroscopic Data. The toxins are secreted upon stimulation because of the 

action of endogenous origin in of TTX in puffer fish. T. patoca accumulates TTX with high 

concentration in the tissues with STX (Hassan et al., 2008). 

2.4.2 Colomesus asellus 

Puffer fishes are poisonous and cause a characteristic of poisoning with a high 

mortality rate. In freshwater puffers, the poison components composed of TTX, Saxitoxin 

(STX) and its analogs (Oliveira et al., 2006). Nowadays, approximately 185 species of 

puffers belong to the family Tetraodontidae, each species composed of different 
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concentration of toxin because of the predominant toxins depend on the species, season and 

geographical. C. asellus is an Amazonian freshwater puffer fish (Oliveira et al., 2006).  

The toxicity of C. asellus was extracted and evaluated by mouse bioassay, the indirect 

competitive inhibition enzyme immunoassay (ICEIA) and high performance liquid 

chromatography (HPLC) for TTX analysis. Just like other freshwater species C. asellus 

accumulated STX 9 (Oliveira et al., 2006). 

2.4.3 Tetraodon nigroviridis  

The toxicity and toxic principle T. nigroviridis examined because of unexplored 

toxicity level of brackish water species. The toxin was accumulated in TTX-bearing animal 

trough food chains that started from bacteria (Mahmud et al., 1999). This may be the case in 

freshwater and brackish water puffer. Four hundred and forty eight individuals of T. 

nigroviridis were collected from brackish water of Mekong River of Thailand. The result was 

concluded that the toxin in T. nigroviridis is tetrodotoxin (TTX) (Mahmud et al., 1999). 

The toxin analyses resulted that the highest toxicity level is skin (286 MU/g) and 

followed by muscle (5.4-11 MU/g), liver and intestine less than 5 MU/g except for the 

intestine the toxicity level in November is 11 MU/g. The toxicity of puffer fish varies 

depending on the geographical location and season (Mahmud et al., 1999). However, 

according to Mohamad & Che Awin (2009) gonad tissues showed high toxicity level, 

followed by liver, muscle and tissues. 
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2.5 Puffer Toxin 

The puffer fish contains non-protein neurotoxins known as TTX because of that the 

puffer fish is highly poisonous. In the puffer fish body, the concentration of TTX is high 

mainly in gonads, intestines, liver and skin (Atack, 2006).  There are two hypothesis of puffer 

fish toxins, firstly, the toxins of puffer fish produce by foods that eaten, TTX bearing 

organisms (exogenous) and secondly produces by puffer fish itself (endogenous) (Noguchi & 

Arawaka, 2008). The characteristics of TTX are colorless, heat stable, water soluble and 

slightly soluble in the strong acid. The minimum lethal dose of TTX for human is estimated 

to be 10 000 MU or approximately, 2 mg of purified toxin (Diener et al., 2002). 

2.6 TTX Symptoms 

The effect of TTX can be shown either 15 minutes or 30 minutes after ingestion of 

TTX by consuming the puffer fish. However in some cases, the TTX symptom can be delay 

about 4 hours after consuming the TTX (Noguchi & Ebesu, 2001). The TTX are small, 

heterocyclic and organic molecules that directly act on the electrical active sodium channel in 

nerve tissues (Noguchi & Ebesu, 2001). The nerve system composed of central and peripheral 

nerve system. TTX will block up the diffusion of sodium ions into sodium channel and cause 

dysfunction of sodium channel then lead to numbness of the lips and the tongue (Noguchi & 

Ebesu, 2001) then follow by facial numbness. The victims may get muscle weakness, 

abdominal pain, nausea, vomiting, salivation and skin blistering. Death will occur because of 

respiration muscle paralysis and respiration failure (Noguchi & Ebesu, 2001). 
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2.7 Puffer Toxicity 

2.7.1 Toxicity of Puffer Fish Tissues 

 The neurotoxin of puffer fish is TTX, as one of the neurotoxin, TTX will attack nerve 

system and muscle by blocking sodium channels then cause paralysis and convulsions. Unit 

for TTX is MU/g, 1 MU (mouse unit) is referred to the amount of toxin required to kill a 

mouse weighing 20g within 30 minutes (Noguchi & Arawaka, 2008). The lethal potency of 

TTX is 5000 to 6000 MU/mg while minimal lethal dose of TTX for the human is 10000 MU, 

approximately 2mg (Noguchi & Arawaka, 2008). The toxicity of the puffer fishes are 

depends on the tissues, generally in marine puffer fish, the toxicity is high in liver and ovary, 

however in brackish water and freshwater species the toxicity is high in the skin (Noguchi & 

Arawaka, 2008). Japanese marine puffer fish that categorized as toxic are 14 species out of 

21, then another 8 puffer fishes species were added to the list of toxic species total up of 22 

species of marine puffer in Japan are listed as TTX-bearing puffer fish (Noguchi & Arawaka, 

2008). Based on toxicity scale < 10 MU/g tissues considered not toxic, 10-100 MU/ g tissue 

are weakly toxic, 100- 1000 MU/g are moderately toxicity and more than 1000 MU/g are 

strongly toxic (Tani, 1985 cited from Yu & Yu 1997). The species that had high toxicity in 

ovary, liver and intestine is Takifugu niphobles (Noguchi & Arawaka, 2008). 
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2.8 TTX Poisoning Treatment 

According to Noguchi & Ebesu (2001) antitoxins status to TTX still unclear, 

however, there are few methods that able to use to decrease the effect of TTX to the human. 

For examples, atropine can be given to counteract hypertension and bradycardia. In 

respiration failure, oxygen and other ventilator support including endotracheal intubation is 

useful. Besides, fluid and electrolyte replacement therapy is useful to reduce fluid loss. 

2.9 Poisoning Cases – Related to Puffer Fishes 

 Puffer fish poisoning has been rarely reported in Malaysia compared puffer fish 

poisoning cases reported in Japan. This is because of the consumption of puffer fish in 

Malaysia not popular as in Japan. In Johor, 34 cases of TTX poisoning reported in May until 

June 2008 (Chua & Chew, 2009). For example puffer fish poisoning case in a family that 

consumed puffer fish and was admitted to Hospital Sultanah Aminah Johor Bharu (Chua & 

Chew, 2009).  

 Three persons involved in this case which are a 43 year old Chinese who cooked 

the puffer fish, a 39 year old Chinese housewife and her husband about 37 year old. Other 

cases of poisoning occur in Malaysia reported in title of Deadly Puffer Fish Meal (The Star, 

2008) state that a 54 and 83 year old woman from Kota Tinggi and Kulai died from eating the 

puffer fish on May 7 and June 4. In Dungun, Terengganu five fishermen suffered because of 

the poisoning of puffer fish. One of them, Nordin Sulong died several hours after consuming 

puffer fish eggs. Others four fishermen were warded in hospital for further treatment (Ling, 

2009).  
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3.0 MATERIAL AND METHODS 

3.1 Field Work 

3.1.1 Sampling Site 

The puffer fish samples were collected in Batang Kerang River, Balai Ringin, Serian. 

Balai Ringin is a small town about 2 hours from Samarahan. Most of the villagers are 

fisherman that used Batang Kerang River as fishing area. Batang Kerang River composed of 

black and brown water (Khairul et al., 2009). Two species of puffer fish that able to find in 

Batang Kerang River are C. borneensis and C. salivator. The Global Positioning System 

(GPS) (model 60 CSX GARMIN) reading of the sampling site is N 01
0 

04.116’ and E 110
0 

45.910’. 

 

3.2 Laboratory Work 

3.2.1 Sample Types 

Samples of C. borneensis and C. salivator divided into two types, fresh and frozen 

samples. Fresh samples are sample that collected alive from Batang Kerang River then kept in 

an aquarium for one week, meanwhile frozen samples are sample that brought back to the 

laboratory from Balai Ringin then kept in the -20 
0
C freezer for two to three weeks before 

dissected and extracted to analyze toxin. 

  After that, all of the samples either frozen or fresh samples were undergo the same 

procedures as follow:  

 



12 
 

3.2.2 Species Identification 

  The standard length (SL), total length (TL), body weight (BW) and numbers of ray of 

pectoral, dorsal and caudal fin were identified and measured. The numbers of rays were 

counted by a dissecting microscope, while the body weight was weighed by using analytical 

balance (model Shimadzu) and measurement done by using measuring board. The 

identification procedure was according to Mohamad & Ling (2010). 

3.2.3 Toxin Analysis  

  Extraction of TTX was performed according to the method that used by Mohamad & 

Ling (2010). Both Carinotetraodon samples were divided into skin, muscle and internal organs 

to examine the amount of toxins in different tissues. The samples were minced based on the 

tissues. The minced samples in small portion about 1 to 5g were added with equal amount of 

sample of 0.1% of acetic acid (AcOH). The mixture was heated in boiling water (100 
0
C) for 

10 minutes. The mixture was put in the beaker contained ice before centrifuged under 

centrifugal forces of 11000g for 15 min with 22 
0
C (model KUBOTA 6200). The supernatant 

of each sample was filtered with 0.45 µm milipore filter paper and transfer into vial bottle 

before kept in the -20 
0
C freezer. 

3.2.4 Thin Layer Chromatography (TLC) 

 TLC analysis was carried out at silica gel-60 F254 pre-coated plate (Merck). The silica 

plates were sliced into 5 cm long and 2 cm width. After that, 0.5 cm line was drawn below the 

plate and 0.2 cm was drawn up the plate using a pencil and small dots were marked along the 

below line to label area of sample spotted. 
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  The partially purified toxin were spotted at the marked dots drawn on the below line. 

Different types of samples were spotted on different TLC plate, each of plate spotted with a 

sample and a TTX standard. TLC analysis was ran using two solvent system, pyridine-ethyl 

acetate-acid acid-water (15:5:3:4) and 3-butanol-acetic acid-water (2:1:1). The solvent was 

rises through the capillary action and ascending chromatographic separation was obtained. The 

TLC plates were dried using a dryer then dipped into 1% hydrogen peroxide (H2O2). Once 

again the plates were dried before visualized under UV light (365) (Mahmud et al., 1999). 

  Finally, the Rf value were calculated using formulae as shows in Figure 1 then 

compared with Rf value of TTX standard. TTX standard used in this study purchased from 

CHEMTE Company with purity (HPLC): TTX 99.9%, less than 99%.   

 

 

 

 

 

 

 

 

 

 Figure 1: Illustration of retention factors (Rf) calculation 

 

 

 

 

a 
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Where: a/b 

a = distance travel by sample  

b = distance travel by solvent front 
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3.2.5 Verification Analysis 

 

3.2.5.1 High Performance Liquid Chromatography (HPLC) 

 Reversed-phase high-performance liquid chromatography was performance on a 

Waters 600 Controller HPLC system using a Symmetry® C18 5µm (4.6×150 mm) column for 

TTX analysis. Two types of buffers needed which are 60 mM ammonium phosphates (pH 5) 

and 4 N NaOH (sodium hydroxide). The 60 mM ammonium phosphate (pH 5) was prepared 

by mixed 300 ml Mili-Q water with 205 µl phosphoric acid, and then the mixture was adjusted 

to pH 5.0 using 2 M ammonium. Addition of 1.0112g heptanesulfonic acid (HSA) to the 

mixture followed by addition of Milli-Q water to the mixture made to add up the volume of 

mixture become 500ml then, 10 ml acetonitrile added into the mixture. The last step is 

filtration of the mixture with 0.45 µm Milipore filter paper. Preparation of 4 N NaOH (sodium 

hydroxide) done by using 74.32g of sodium (solid form) dissolved in 500ml Milli-Q water. 

The 60 mM ammonium phosphate (pH 5) act as an ion-pairing reagent was used as mobile 

phase at flow rate 0.8 mL/min. The eluent from the column was continuously mixed with an 

equal volume of 4 N NaOH and heated in a reaction coil at 110 
0
C. The toxin was detected by 

using a fluorescence detector (Waters 2475 Multi Fluorescence Detector) at 505 nm emission 

with 381 nm excitation. The HPLC procedure for TTX detection was carried out according to 

Tanu et al., (2000). Concentration of TTX was calculated by dividing peak area of sample 

with the peak area of TTX standard then times with 5. The formulae shown below:  

 

 


