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Study of PSP and 'ITX in Lagocephalus species of Sarawak Waters. 

Syamila Fatin bind Ismail 

Aquatic Resource and M anagement 
Faculty of Science and Technology 

University M alaysia Sarawak 

ABSTRACT 

Blowfish orglobefish are the othercomrron names for Puffer Fish that has been named after their habit of inflating 

themselves in water whenever felt threatened. In Malaysia, Lagocephalus lunaris, L. sceleratus and also 
L. spadiceus are the most comrnon species ofpuffer fish consumed. Pufferfish mainly from Tetraodontidae family 

known to possess a saxitoxin (STX) or tetrodotoxin (TTX) which can cause fish poisoning and adverse effect to 
human health. Lagocephalus lunaris and L. spadiceus were identified by looking at the distribution of dorsal 

spines. The morphological measurement was-measured by standard measuring using model PA -251 electronic 
beam balance and Wildco Fish measuring board. Overall, extraction samples were shown to be toxic from TTX. 
L. sceleratus gives the highest value of TTX from LC-MS/MS findings from muscle part (18.9 MU/g) while the 

skin gives weakest concentration (1.08 MU/g) of TTX. From this findings, TLC, HPLC-FLD and LC-MS/MS 

were used as potential tools to determine the presence ofsaxitoxin and tetrodotoxin and its concentration in Mouse 
Unit per gram (MU/g). This study found that, there is no positive results for saxitoxin from all samples. 

Keywords: Puffer fish, Saxitoxin, Tetrodotoxin, TLC, HPLC, LC-MS/MS 

ABSTRAK 

Ran mengembung atau ikan Glob adalah nama lain bagi ikan buntal yang telah diberi nama bersempena tabiat 
mengembungkan diri setiap kali berasa terancam. Di Malaysia, spesis Lagocephalus lunaris, L. sceleratus dan 
juga L. spadiceus adalah antarajenis ikan yang biasa ditemui dan dijadikan makanan.. Ikan Buntalyang berasal 
dari keluarga Tetraodontidae dipercayai mengandungi toksik saxitoksin (STX) dan tetrodotoksin (TTX) yang 
boleh mengakibatkan keracunan ikan dan mengancam kesihatan. Lagocephalus hrnaris dan L. spadiceus dapat 
dikenalpasti dengan membandingkan taburan sesungut kecil pada bahagian alas badannya. Analisa pengiraan 
dilakukan dengan standadpengiraan menggunakan model PA-251 penimbang elektronik dan pengukur panjang 
model Wrldco Fish. Secara keseluruhannya, kesemua sampel mempunvai toksin TTX. L. sceleratus memherikan 
bacaan TTX tertinggi pada tisu isi dengan bacaan (18.9 MU/g) dan mencatatkan bacaan tereandah pada tisu 
kulit iaitu (1.08 MU/g). Kaedah TLC, HPLC-FLD dan LC-MS/MS digunakan bagi menguji kehadiran saxitoksin 
dan tertodotoksin serta mendapatkan bacaan kepekatan toksin. Dalam kajian ini, tiada keputusan positijdaii 
toksin saxitoksin dalam kesemua sampel. 

Kara kunci : Ikan Buntal, saxitoksin (STX), Tetrodotoxin (7TX), TLC, HPLC, LC-MS/MS 
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1.0 Introduction 

Blowfish or globefish are the other common names for puffer fish that has been named 

after their habit of inflating themselves in water whenever felt threatened. There are almost 120 

species of puffer fish that has been discovered inhibiting the tropical seas (Sabrah et al., 2006) of 

family Tetraodontidae. Torado et al., (1973) said that the puffer flesh or musculature is edible and 

considered delicacy by some person in Japan if been cleaned and dressed properly. 

Puffer fish intoxication evidence has been reported in different geographical locals such as 

in Taiwan, USA, Japan, Mexico, Bangladesh, Malaysia and India by Ghosh et at, (2004). In 

Malaysia, Lagocephalus lunaris, Lagocephalus sceleratus and also Lagocephalus spadiceus are 

the most common species of puler fish consumed (Kan et al., 1987). Based on case report by 

Kheifets et al., (2012) a 52 years old man had been admitted to ICU after consuming the poisonous 

Lagocephalus sceleratus with nausea and vomiting accompanied by acute dyspnea and later 

experience acute respiratory failure with bradypnea. 

Puffer fish generally have strong toxicity that able to Lead to a frequent occurrence of 

human poisoning. According to Arakawa et al., (2010) a potent neurotoxin, tetrodotoxin (TTX) is 

possessed by most of the marine puffier fish. He also claimed that TTX is produced originally over 

a wide variety of aquatic animals by marine bacteria and derived from the food chain that consist 

TTX bearing organisms in puffer fish A toxin belonging to paralytic shellfish toxin poisoning 

(PSP) group which is saxitoxin (STX) is also claimed to be found in puffier fish by Deeds et al., 

(2008). It is reported that there is co-occurrence of both TTX and STX within the same puffier fish 

(Ngy et al., 2009). 
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Paralytic shellfish poisoning (PSP) is a serious kind of illness that can cause paralysis and 

leads to death in worse condition. This is caused by consuming any kinds of fish, molluscs, 

crustacean, gastropods and bivalve that contains algal toxins which is also known as biotoxin. 

Faber (2012) stated on the death associated with the disease known as PSP were referred to both 

potent marine biotoxin and neurotoxin, saxitoxin (STX) which were considered as the active 

chemical In this case, both toxins, STX and TTX bind to the same site on excitable membrane, 

thus makes the correct identification of which toxin is responsible for this action when using an 

extract of a determined puffer fish always a harder task. For instance, there are still limited studies 

on the specific symptom and effect of saxitoxin (STX) that is differ from tetrodotoxin (TTX). 

Hence, the objectives of this research are: 1) To identify the toxin properties of 

Lagocephalus spp. by using Thin Layer Chromatography (TLC), High Performance Liquid 

Chromatography with postcolumn Fluorescence Derivatization (HPLC-FLD) and Liquid 

Chromatography Mass Spectrometry (LC-MS/MS) methods and 2) To determine the toxicity level 

in muscle, skin, gonad and liver of pufferfish. 

2.0 Literature Review 

2.1 Paralytic Shellfish Poisoning, (PSP) 

The ingestion of marine mollusc containing potent neurotoxins derived from planktonic unicellular 

known as dinoflagellates is the source of biological intoxification named paralytic shellfish 

poisoning (PSP). Filter-feeder shellfish will ingest large quantities of planktonic organisms 

including the toxic dinoflagellates. In this case, filter-feeding bivalve will ingest these 
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dinoflagellates during bloom and eventually will become toxic. Alexandrium tamarense and 

Alexandrium catanella are among the species of dinoflagellates that produces saxitoxin, (STX) 

(Schantz, 1986). According to Expert Consultation of WHO (2004) PSP toxins can be divided into 

three main group which are the carbamrrates (SIX, neoSTX and GTXI -4) , the sulfocarbamo yls 

(B 1-2, C 1-4) and lastly the decarbamoyl toxin (dcSTX, dc-neoSTX and dc-GTX1-4). He added, 

the carbamnates are the most toxic followed by decarban yl and sulfocarbammyls as shown in 

Figure 1. The PSP toxins constitute in STX group which is the carbamates (Grace et at, 2001). 

Figure 1: The chemical structure of Paralytic Shellfish Toxin (PST) 

Toxin R1 R2 R3 R4 Molecular 
Weight 

Carbamate toxin OCONH2 

STX H H H 301.31 

NEO OH H H 317.31 

GTX I OH H OS03" 412.36 
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GTX II 

GTX III 

GTX IV 

H 

H 

OH 

H 

OS03' 

OS03' 

OSO3- 

H 

H 

396.36 

396.36 

412.36 

Sulfamate toxin OCONHOS03' 

BI H H H 380.36 

B2 OH H H 396.36 

C3 OH H OS03' 491.41 

Cl H H OS03' 475.41 

C2 H OS03' H 475.41 

C4 OH OS03' H 491.41 

Decarbamyl toxin OH' 

dc-STX H H H 258.28 

dc-NEO OH H H 274.28 

dc-GTX I OH H OS03' 369.33 

dc-GTX II H H OS03' 352.33 

dc-GTX III H OS03' H 353.33 

dc-GTX IV OH OS03- H 369.33 

Table 1: The structures of paralytic shellfish toxin (Grace et at, 2001) 
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Nowadays, man becomes intoxicated by eating those poisonous shellfish as well as the puffer fish. 

The contamination of bivalve with STXs will cause severe health problem to public and also will 

affect the bivalve culture industries (Kodama, 2010). 

2.2 Saxitoxin, (STX) 

Since its discovery in 1957 by Schantz et at, saxitoxin (STX) is the most researched paralytic 

shellfish toxin (PST) to date. They are neurotoxic poisons to animals and human produced 

naturally by certain types of planktonic algae, the dinoflagellates (Wiese et al., 2010). In 1988, 

Gainey stated in his research journal that saxitoxin will enters the water column as a by-product of 

massive dinoflagellate proliferation and aggregation. Based on Van et al., (2007), he investigated 

that it is enough to block one sodium channel just by having only one STX molecule as its role is 

to binds the sodium channels in nerve cells. As it binds to sodium channel, it will later block the 

influx of sodium channel Ike tetrodotoxin (TTX) does. To be worst, saxitoxin has the ability to 

bioaccumulate up to a higher tropic level. At least 2,000 recorded cases reported per year with 

15% human mortality rate due to the increment of distribution and frequency of STX worldwide 

(Kelimann et aL, 2008) 

2.3 Characteristic and Chemical Structure of Saxitoxin 

Saxitoxin can be soluble in water, methanol and ethanol but not in other organic solvent with the 

potential to bioaccumulate up trophic level stated by Wiese et al., (2010). He also came out with 

the chemical composition of STX that is equipped with 3,4-propinoperhydropurine tricyclic 

system. STX has 57 analogs vary in potency and are categorized into subgroups based on 
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substituent side chains comprised of carbamates, sulfates, hydroxyls, hydroxybenzoates, or 

acetates as shown on Figure 2. World Health Organization (1984) claims that the chemical of STX 

remain stable in slightly acidic environment however, it tends to oxidise when exposed to alkaline 

conditions. 

Figure 2: The chemical structure of saxitoxin (Wiese et at, 2010) 

2.4 Symptom and Treatments of PSP 

Paralysis, is the main symptom of paralytic shellfish poisoning resulted by human consumption of 

toxic shellfish. Paralytic shellfish poisoning is rwre lethal form of marine intoxification and may 

result death through mild to severe symptom. WHO (2004) described the symptom in three 

categories of increasing severity. At mild symptoms, there will be tingling sensation or numbness 

around lips, that will graadually speeding to neck and face, pricky sensation in toes and fingertips, 

headache, dizziness, nausea and vomitting. Next will be the moderately severe symptoms with 

incoherent speech, progression of pricky sensation to anus and legs, stiffness and non-coordinat io n 

of limbs, general weakness and feeling of lightness and floating, slight respiratory difficulty, rapid 
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pulse and backache as the last symptom Lastly is the extremely severe symptoms where the person 

will experience muscular paralysis, pronouce respiratory difficulty, choking sensation with high 

probability of death in absebce artificial respiration. WHO added, the symptoms may appear in 

one to twelve hour time or might be less than one hour by the ingestion of high concentration of 

saxitoxin with the primary absorption through the gastrointestinal tract. Kao (1993) stated that 

severity of symptoms will dramatically decrease with the survival of 12 hours postingestion, 

however it may take up to 24 hours for the chemical from the blood to go through the kidney in 

complete depuration. 

Until now, there seems to be no known antidote or detoxification to cure PSP and data 

required is still lacking to effectively protect the public from saxitoxin poisoning (Samantha 
, 

2012). According to the World Health Organization Geveva (1984), they suggest that the only 

effective precaution to avoid PSP disease is to avoid man from the shellfish source and to control 

the closure of affected source. Fortunately, artificial respiration with Benzedrine and gastric lavage 

that incoporates activated charcoal or dilute bicarbonate solution have been developed as a method 

to lower the level of toxin (Kao, 1993). 

2.6 Thin Layer Chromatography, TLC 

Thin layer chromatography is a screening method in PSP. It has been extensively used because it 

provides excellent separation and sensitive detection. Shen-na (2000) once claimed that TLC is 

widely used analytical method for quality control in food production and agriculture where also 

been used to detect a wide range of plant constituents. Referring to Hall (1982), he describes a two 

dimensional separation system which first separates the toxin by column chromatography and then 

uses TLC for each column fraction. Buckley et al., 1976 stated that in early work, (Mold et 
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aL, 1957) use paper chromatography and silica gel (Proctor et al., 1975) to separate the various 

PSP toxins. Most of substances frequently encountered forensic toxicology can be analysed by 

TLC. Ojanpera (2000) discussed in his journal about the advantages and disadvantages of TLC. 

He claimed that the TLC instrumental extends the scope to reproducible quantitative analysis and 

allows the utilization of in situ UV spectral information for identification. He also come with the 

main advantages stated that TLC is low chromatographic resolution, which can be partly overcome 

by instrumental techniques. Another disadvantage is that quantitative calibration curves are not 

reproducible enough to be stored, making it necessary to co-analyse several standards along with 

samples on each TLC plate. 

A TLC solvent system is a liquid mobile phase composed of one or more miscible solvents. 

Bruno et al., (1989) reported the solvent system competes with the dissolved analyte for the active 

sites on the sorbent and must be carefully selected to achieve a good separation of individual 

components. He also stated that the solvent systems are selected by considering the equilibrium 

between the solvent, the solutes, and the sorbent layer According to Stahl (1969) solvent systems 

are chosen by trial-and error methods, or are based on similar applications reported in the literature 

Brett (2010) claims that the accuracies of the current TLC methods were confinned by 

High Performance Liquid Chromatography (HPLC) and can be performed in unspecialized 

laboratories that do not require any expensive analytical instrumentation. 
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2.7 High Performance Liquid Chromatography, (HPLC) 

According to Botana and Luckas (2004), fluorometric assay, high performance liquid 

chromatography, (HPLC) methods with fluorescence detection, liquid chromatography/ mass 

spectrometry (LC/MS) methods and capillary electrophoresis are the chemical method used for 

the determination of PSP toxins. 

To quantify the paralytic shellfish poisoning toxin present in sample, high performance 

liquid chromatography methods are widely used which is also functions to identify the toxin profile 

of PSP bloom. Boyer (1987) reported that there is only one weak natural chromiphore in PSP 

toxin and it must be modified before detection. The toxin will form a purine when it is oxidized in 

alkaline solution and becomes fluorescent in acidic solution. The purines are monitorized in a 

fluorescent detector and the derivatization reaction can be carried out pre column or post column 

method. 
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2.8 Liquid Chromatography-Mass Spectrometry, (LC-MS/MS) 

Due to its high sensitivity and specificity, liquid chromatography-mass spectrometry (LC-MS/MS) 

has become an essential tool in the marine biotoxins field. Focusing to the field of PSP toxin 

analysis, LC-MS/MS generally has the same but way more advanced functions compared to 

HPLC. The comparison between HPLC and LC-MS/MS method are shown in table 1 below. 

Table 2: The difference in HPLC and LC-MS/MS method. 

HPLC LC-MS/LC-MS/MS 

Inexpensive to purchase and high Expensive to purchase and maintain. 
maintenance cost. 

Additional clean up stages generally Generally simple preparation required. 
required. It will increase preparation time. 

Additional confirmatory data available from Detection of ion mass to charge ratios is more 
certain detectors (photo-diode array) specific than HPLC especially when 

combined with chromatography. 

Detectors detect particular physical All compounds have molecular weight and 
characteristic or require attachment of detection is not reliant upon physical 
derivative or detection. property. 

Derivatisation reagents can be sensitive to No derivatisation required, 
environmental conditions leading to 
unreliable reaction. 

Derivatisation reagents can lack specificity Detection method more specific. 
make analyses prone to chromatographic 
interference 

Time taken for analysis can be long. Relatively short analysis run times. 
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3.0 Materials and Methods 

3.1 Sampling Sites 

As shown in Figure 3 below, 90 samples were collected along Exclusive Economic Zone (EEZ) 

area at Muara Tebas, Kuching Kuala Igan, Mukah and Kuala Miri, Miri Global Positioning 

System (GARMIN GPSmap62s) was subjected to be used to states and the coordinates of selected 

area were recorded. 

Table 3: Coordinate of sampling area 

Location Starting Point Sampling Date 

Muara Tebas N O1°39', E 110'29' July 2014 

Kuala Igan N 03°08', E 112'42' June 2014 

Kuala Miri N 03°28', E 113 ° 11' June 2014 
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