oottt botdgdoogtdood
Juoogduy

oo 0ooo0oooooooooon

ISSN 13472003

ood oo,00

ood 0ooooooooog

a/0 70

oogo

ooooo p.83-87

oooo 20090 100

0000 obooodoooooobooooooooooood QAQ

Tsukuba Business-Academia Cooperation Support Center, Agriculture, Forestry and Fisheries Research Council oI\Jrinnowledge

Secretariat



Some Hypotheses of Creation and Decomposition Processes
of Tetrodotoxin in the Body of Pufferfish (Tetraodontid)

Makoto ARIZONO

7 VHOEMCBIT ST Fa F ¥ DA - i
WBPICBg 5 MR

AEEE

J7ETHABT PO RMEVVORFICEHLTIE. ChETELOPENAEETN, HEZHEICX > THERKENE
LEONEYREHEZECTRDATNS 2 WS HREE DNEHICES TWaH, TN TR T5EFHHABTE AN,
ZTT EEIT MR R MUV ORBRREEBEICER L. TOAK-SEERICEL T, MRS & TARE)
EHAEDE OO M #EOVEOT, ZORBICDOVTHRET %,

—DH® MRF & 7 ha R MoV OERREICETSE0THD, 778, BREDOERZE U THAIK
WORAENTZREFILVE DL VAT AV ERERENZDTREVIENILDTH B, TOFMMNIELITH
. AYEBEIC K AEMEBCIRS T LE—DFOIIIATRYHE THFOT ha R MU UM RNICERE
nNs2kitizs,

ZOH® MRE . 7R F RO UVOSEREBICETREDOTHD., TV, —RICESRBE TRV
LA WRB-TEZFORANFBIFEAERTZLTVEVWEENS ANV ZFVEE ZHEATED. 775 ORIKE
BULTRBICDBENZOTREONENSIEDTHB, TOHRDELITNIE, FhaRrFI Uit f#ksSbhT
ESNECHS B TREMEE ] CEIENC B A7 Ficitd 3 Iy o' o8 Khinax, NRBERZEE &
LTHEERRIZRZLTVWAAEESHETL %,

Key words : Puffer (Tetraodontid) ; Tetrodotoxin (TTX) ; Ecdysterone; Creation and
decomposition processes

Although there have been many discussions on the origin of tetrodotoxin (TTX) and
its role in the body of pufferfish, a clear explanation has not been made.

Then I attempt to make these problems clear on the following hypotheses aiming at
a unique chemical constitution of TTX, that is the cage compound with a lactone ring, a
guanidine radical and five hydroxyl groups erc (Fig.1).

In this paper, the hypothesis is divided into two sections: one is a process of the
creation of TTX and the other is a process of the decomposition of it. The former is
based on the hypothesis that TTX originates in ecdysterone (a molting hormone of
crustaceans, Fig.2) through the feed, the latter is based on the hypothesis that TTX is

decomposed into the urea by “Ornithine cycle” in vivo.



In spite of the theory that teleost fishes generally have not “Ornithine cycle” for
lacking of necessary enzymes”, if pufferfish exceptionally had the cycle according to
the hypothesis, it woud become easy to explain the metabolic process of TTX in the

body of the fish.

Thus the main role of TTX for the pufferfish may be explained not only as a
protection against enemies or a male-attracting pheromone” but also a substance
concerned in an osmotic regulation.

Tetrodotoxin (TTX) ; CuH17OsNs

Fig.1. The structural formula of tetrodotoxin (TTX) .
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Fig.2. The structural formula of Ecdysterone.



Hypothesis — I

In this section, I suggest the hypothesis that TTX (CuHi7OsNs) is created from
ecdysterone (a molting hormone of the crustaceans; C»H«O-) in the body of pufferfish
and the hormone is taken through feeding on crustaceans.

On the above hypothesis, a process of the creation of TTX in vivo will be shown as
follows in the rough (Fig.3) .
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Fig.3. A hypothetical process of the creation of tetrodotoxin (TTX) in

Vivo.
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Hypothesis — II

In this section, I suggest the hypothesis that TTX is decomposed into the urea (CO

(NH:) ») by “Ornithine cycle” and TTX is concerned with an osmotic regulation in
the body of pufferfish.
On the above hypothesis, a process of the decomposition of TTX in vivo will be
shown as follows in the rough (Fig.4).
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Fig.4. A hypothetical process of the decomposition of tetrodotoxin (TTX)

in vivo.
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Although the substance of this paper might be an unrealistic assumption for the
present, but it becomes easy for me to answer various questions concerning TTX by
means of the above hypotheses; that is, “where does TTX rise ?”, “why does pufferfish
have TTX ?” , “why does not the cultured pufferfish have TTX ?” , “why does not the
pufferfish die of TTX-poisoning ?” and so on.

There is not sufficient evidence to prove these questions by the accepted theory of “
external cause” , a bacterial synthesis based on the food chain”, because we never had
any experience i 1n the death of fishes caused by TTX-poisoning 1n nature, nevertheless it
must happen frequently.

The other side, the hypotheses in this paper are made by a joint theory of “external
cause ~ and “internal cause” in a sense, because TTX is created from ecdysterone
through the feeding on crustaceans, and is decomposed into the urea by “Ornithine cycle

in vivo as occasion demands.

At the begining when the hypothesis was suggested, I considered that the origin of
TTX must exist widely in nature, and I marked ecdysterone with the chemical
constitution, because ecdysterone is similar to TTX with regard to the existence of
many hydroxyl groups (i.e. the former is six, the latter is five).

As a result of investigations, I have reached the above unprecedented hypotheses .

If the “Hypothesis- I~ wouldn't be wrong, pufferfish can get efficiently two
molecules of TTX from one molecule of ecdysterone without bioaccumulation, and it
will answer the question, “why does not the cultured pufferfish have not TTX ?” ;
because the cultured pufferfish are given the food without live -crustaceans
(ecdysterone) in the cage. Furthermore, if the “Hypothesis-II” wouldn't be wrong, it
will be supposed that one of the main role of TTX is an osmotic regulation as well as a
protection against enemies and a male-attracting pheromone for pufferﬁsh and it will
answer the question, why does not the pufferfish die of TTX-poisoning” , because there
may be TTX-metabolism in pufferfish.

Anyhow, it is necessary to investigate whether the hypotheses used in the theory are
correct or not in the future.

References

1) Brown, G.W. and P.P. Cohen (1960): Activites of urea-cycle enzymes in various
higher and lower vertebrates. Biochem.J.,75,82-91.

2) Matsumura, K. (1995): Tetrodotoxin as a pheromone. Nature, 378,563-564.

3) Noguchi,T.,0.Arakawa and T.Takatani(2006): TTX accumlation in pufferfish.
Comparative Biochemistry and Physiology, Part D1,145-152.


http://www.tcpdf.org

