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ABSTRACT

Although tetrodotoxin (TTX) is an extremely newwit compound, its activities have potential apgtiiens as
medicines. There must be an efficient antidotéHigrtoxin to minimize risks in clinical trial asel as in poisoning
from TTX consumption. Therefore, screening for cmmps which can neutralize, detoxify the toxicityT®X or
reduce its negative effects is necessary. Previsuslies showed that hemolymph from Carcinoscorpius
rotundicauda containing TTX binding protein couldtakify TTX in mice. This study investigated fanding
protein as well as TTX detoxification capabilityTdchypleus tridentatus hemolymph to hypothesizertain role
in TTX detoxification. The result of this studuslirated that hemolymph Tachypleus tridentatus Wighdose less
than 20mg protein per mouse unit showed no capgbili TTX detoxification even though there was isafv
prolong insignificantly. The study also checked dlgmph Carcinoscorpius rotundicauda, showing theses no
capability in TTX detoxification. A major proteiri lmsemolymph, purified hemocyanin also had no agtivi TTX
detoxification. In summary, TTX detoxification iapability in TTX detoxification was not due to héyngph or
hemocyanin.
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INTRODUCTION

Tetrodotoxin (TTX), a venom composition of bufféstf was first isolated in 1909 and the structulgsitated in
1964 [1]. Many researches proved that TTX was pteduby symbiotic bacteria, then accumulated inedgffit
organs of buffer fish [2]. Over ten TTX producingdteria strains were found in different organs offdr fish
including Pseudomonaspp.,Serratia, Bacilluspp., Aeromonas Actinomyces Microbacterium, Providentia,
Enterococcug[3,4]. On the other hand, TTX was found commonly in vasidypes of animal including the
California newt Tarichi torosathe goby Gobius crinigerthe gastropod molluskSharonia sauliaethe xanthid crab
Atergatis floridusand theblue-ringed octopu®ctopus maculosu®]. Because of its unique structure containing
hydroxyl groups, an ortho ester, and a cyclic gdiaei with hemiaminal showing strong affinity to faeentially
neuronal, and muscle sodium channels, it is a poteurotoxin of low molecular weight. The symptocas appear
within hours after consumption including oral nurebgs, muscular weakness, nausea, vomiting, andryesesficit.
In serious case, it will be followed by flaccid pbssis and caused death because of the respirtdibuye [6].
Although TTX is an extremely toxic compound, it Haeen researching for clinical uses in relievingoalt pain
and cancer.

Horseshoe crabs belong to the phyl#rthropoda along with crabs, insects, and other invertelratith jointed
legs, but their closest living relatives are spsdand scorpions. There are only four species ddshioe crabs in
existence in the world today. These amnulus polyphemufound along the American Atlantic coast and in the
Gulf of Mexico while Tachypleus gigasTachypleus tridentatufound in the Southeast and East Asia,
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Carcinoscorpius rotundicaudfund in the Southeast Asia [7]. These creaturesametimes called “living fossils”
because they have changed little from their fagsilirelatives; the earliest species identifiedpisraximately 450
million years old. Horseshoe crabs are a valuaddeurce, commercially as a fertilizer and as acsoof calcium
for enriching fowl grains and medicinally in idefigthg endotoxins. The large lateral compound eyesused to
study cellular mechanisms of retinal function inmans. Horseshoe crab blood and blood products sed in
cancer research, to test sterility of drugs anibimtics and to signal the presence of chemicas@us, endotoxins,
produced by certain bacteria. Chitin, a substaouoad in the horseshoe crab’s shell, is non-toxmdégradable and
used in contact lenses, skin creams and hair spraysulus amebocyte lysate (LAL) derived from heshoe crab
have been commonly used in testing the purity afdmedical equipment. This product can detect erenper
trillion of endotoxin in drug, medical equipmentickly and simply. Many researches revealed thabdlérom
horseshoe crab can detoxify tetrodotoxin (TTX).d2@shed results showed that the TTX dose of 10 3 bbmice
intracardially injected intaCarcinoscorpius rotundicaudaaused no fatality. The resulting hemolymph exédc
24h later from this crab showed no fatality whetraperitoneally injected into mice [8] (Bow et &994). Other
study also revealed that hemolymph fr@arcinoscorpius rotundicaudaontains TTX binding protein, which can
neutralize the toxicity of TTX [9]. To clarify th€TX detoxification of hemolymph, the hemolymphTdchypleus
tridentatuswas used to test the TTX detoxifying ability. Ttetoxifying abilities of hemolymph ofachypleus
tridentatuswas also compared witarcinoscorpius rotundicaudaemolymph to clarify TTX detoxification in
these horseshoe crabs.

EXPERIMENTAL SECTION

Collection of hemolymph from Tachypleus tridentatus and Carcinoscorpius rotundicauda

Tachypleus tridentatuand Carcinoscorpius rotundicaudaere caught at shoreline in Nha Trang province in
March, 2015, and provided by Research Institute Aquaculture Il (Vietnam). Hemolymph was collectbg
cardiac puncture ofachypleus tridentatuand Carcinoscorpius rotundicaudfollowed by centrifuge at 1509°@

for 10 min. The plasma was further clarified by tcingation at 9000g, %€ for 10 min, then the supernatant was
quickly frozen in liquid nitrogen and stored at °80for bioassay. The protein content of partiallyrified
hemolymph was determined by Bradford assay foripgemonitor in mixing with TTX. TTX was purchasewih
Tocris (UK).

Test for TTX detoxification in mouse

The different dosages (0 to 20mg) of hemolympRachypleus tridentatuandCarcinoscorpius rotundicaudaas
mixed with the LRy of TTX, incubated for 60 min at 8C, then intraperitoneally injected into mice andareled
the symptoms. Mice selected for this experimentewei8 weeks old, weight 20+1g, and all mice werdema
provided by Pasteur Institute (Vietnam). TheshBf mice was determined to be 0.22ug per mouse 8oitvival
time was recorded and analyzed.

SDS-PAGE

To compare the components of hemolymph Tafchypleus tridentatusand Carcinoscorpius rotundicauda,
hemolymph from these strains were detected on SBGER? Hemocyanin products frofirachypleus tridentatusnd
Carcinoscorpius rotundicaudevere purified by immobilized metal affinity chrorography based on the modified
method of Ciria [10]. In this study, mini-IDA colum(capacity 1.5ml packed volume; 0.7cm x 4cm) washed
with distill water, then charged with 10ml of CuSCH20 (6mg/ml) for 2h. The column was washed wlith
Tris-HCI, pH 7. 1ml of horseshoe crab hemolymph wapplied, PBS buffer was added to wash unbouncejorot
The concentration of 100mM, 200mM, and 300mM ima@eaavas alternatively used to elute the targetginofThe
fractions were dialyzed with 10kDa cut-off membrazed checked on SDS-PAGE.

RESULTSAND DISCUSSION

Survival analysisfor TTX detoxification of hemolymph in mice

The incubated TTX-hemolymph mixtures were intrajpaeallyinjected into mice. Unfortunately, the hemolymph
of both Tachypleus tridentatuand Carcinoscorpius rotundicaudahowed no TTX detoxification capability from
dosage of 0-20mg per mouse unit. In the figurd@ ,itemolymph dose of 0-20mg protein was combingk Dy,

of TTX in each mouse unit showed that 0.5mg of Hgmph protein fromCarcinoscorpius rotundicaudaan
elongate the death time to 40-45 minutes while dbietrol mouse died at about 20-30 minutes after Ton¥
injection. When the hemolymph protein was increase@d0mg made mouse quick breath, convulsions &l at
10-20 minutes. It may be due to vigorous immuneaase in the presence of strange proteins or ar#tige figure

2, theTachypleus tridentatusemolymph can elongate the death time of mouseD#808minutes at the dose of
0.5mg and cause quick breath, convulsions andati@-20 minutes in the presence of 20mg hemolypnptein.

754



Tu Nguyen et al J. Chem. Pharm. Res,, 2016, 8(5): 753-757

Survival Functions

Hasmailpmih

1.00

50
.00
0.6 5.00
710.00

20.00

0.67

Cum Survival

0.2

0.0

T T T T T T T
15.00 20,00 25.00 30.00 35.00 40.00 45.00
Death

Figure 1: The death timein minutes of mice after intraperitoneal injection of incubated T T X-Carcinoscorpius rotundicauda hemolymph
mixture
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Figure 2: The death time in minutes of mice after intraperitoneal injection of incubated TTX- Tachypleus tridentatus hemolymph mixture

The results in figure 1 and figure 2 illustratedatthhemolymph from bothTachypleus tridentatusand
Carcinoscorpius rotundicaudeouldn’t affect on TTX detoxification when infectedth high dose TTX because

hemolymph might be due to immune response to stremgigen. Actually, there were 90% hemocyanin in
hemolymph.

Survival analysisfor TTX detoxification of hemocyanin in mice

To understand which components related to the waingxtension, hemocyanin frofirachypleus tridentatusias
purified (Figure 3) and then was also combined WithX to confirm the result. In the table 1, theplicated
treatment of hemocyanin-TTX mixtures proved thahbenocyanin fromTrachypleus tridentatusas no capability
of TTX detoxification. According to the above resuthe TTX detoxification of isolated hemocyani aiot help

mice survive in TTX, just prolong the survival timie be cure immediately by combination with the esth
compounds.

Mice survival was shorter when mice were injecteth wigh dose of hemocyanin (table 1). It was afsant that

hemocyanin was not good source for TTX detoxifmatif infected with high TTX dose. Hemocyanin mayeirfere
the toxicity mechanism of TTX in mice temporaribyt not enough to detoxify it or help mouse surviVéX is a
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small molecule, contains many hydroxyl groups ananidine group, easily interact and form hydrogends with
other polar components, but their affinity may eeywweak comparing with that of sensitive sodiuraratels and
TTX. TTX selectively binds to the sensitive sodigtmannels, blocks the production of action poterdiad block
the propagation of impulse in excitable membra@esthe other hand, sodium channels involved in raddun and
regulation of multiple effector functions in botlxo#table and non-excitable cell types including gdeytosis,
motility, the release of bioactive molecules, ahd tegulation of Na+/K+-ATPase activities. Consetlye TTX
affects widely in mice and cause death in seri@ses. In this study, the hemolymph fra@mchypleus tridentatus
prolonged the death time in treated mice up to o8@rminutes while hemolymph fror€arcinoscorpius
rotundicaudacould only prolong death time to 45 minutéiscould be that the hemolymph @farcinoscorpius
rotundicaudacontains TTX, contributes the increase of TTX dasé cause mice die quickly while hemolymph
from Tachypleus tridentatusontains no TTX The result in table 1 reveals that prolongationrdeéth time of
Tachypleus tridentatusemocyanin in mice, pointing that TTX detoxifieatiis not due to hemocyanin, may be due
to other substances.

Table 1: The death time of mice after incubated Tachypleus tridentatus hemocyanin-TTX injection

Mice number| TTX dose (ug/mouse unft) Hemocyaninfiayse unit)] Death time average (minutgs) Symptoms

1 0 1 Survival No abnormal sympton]

2 0 1 Survival No abnormal symptom

3 0 1 Survival No abnormal symptomn]

4 0.22 0 23 quick breath, convulsions
5 0.22 0 30 quick breath, convulsions
6 0.22 0 28 quick breath, convulsions
7 0.22 0.2 30 quick breath, convulsions
8 0.22 0.2 40 quick breath, convulsiops
9 0.22 0.2 36 quick breath, convulsiops
10 0.22 1 31 quick breath, convulsions
11 0.22 1 37 quick breath, convulsions
12 0.22 1 30 quick breath, convulsions
13 0.22 5 28 quick breath, convulsions
14 0.22 5 33 quick breath, convulsions
15 0.22 5 37 quick breath, convulsions
16 0.22 10 28 quick breath, convulsiohs
17 0.22 10 35 quick breath, convulsions
18 0.22 10 35 quick breath, convulsiohs
19 0.22 15 20 quick breath, convulsions
20 0.22 15 15 quick breath, convulsiohs
21 0.22 15 19 quick breath, convulsiohs

The purified hemocyanin was used to inject intoeniit figure 3 emphasized that hemocyanin contaimed TX
but couldn’t improve mice survival. Therefore, hgt researches must be conducted to determine whitponent
plays the main roles in TTX detoxification.

Figure 3: The SDS-PAGE result of elusion products of Tachypleus tridentatus hemocyanin. The arrow showed hemocyanin
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