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Tt has been generally assumed that during “spoil-
age” of fish bacterial toxins accumulate in the other-
wise edible fish meat and that the pathological symp-
toms observed after consumption of spoiled unproe-
essed or canned fish are produced by the action of
bacterial toxins. Since 1946, however, three papers
have been published in which it was suggested that
in cases observed in Indonesia, France, and the
Philippines, histamine was responsible for poisoning
after consumption of spoiled fish (). This article
(2) reports experiments performed to investigate the
role of histamine in fish spoilage.

About 14 years ago, we found that the skin irrita-
tion observed after handling of spoiled fish is similar
to that produced by histamine. Following this lead,
we established that the concentration of histamine,
which is present only in traces in fresh sardines,
mackerel, tuna, and salmon, increases rapidly during
spoilage up to values of 120 mg/100 g fresh meat
within 24 hr (3). As a result of this observation, pure
histamine is now being produced in commercial quan-
tities from fish waste that has been spoiled under con-
trolled conditions. Consequently, on the basis of the
increment of histamine during spoilage, a bioassay
method for quantitative determination of spoilage has
been described (4). The practical value of such a
method has recently been further investigated in the
laboratories of the U.S. Food and Drug Administra-
tion (5).

A review of the literature revealed that Japanese
authors had already established, several years earlier,
the presence of histamine in fish, but no mention is
made in the available abstracts of any quantitative
relationship between spoilage and histamine concen-
tration, and no suggestion is made on how histamine
is formed in fish. We therefore investigated the mech-
anism of histamine formation during spoilage and
found that no histamine is produced during aseptic
autolysis of fish; we also found that histamine is a
product of bacterial decarboxylation (6). This point,
however, will require further investigation, for I have
found (7) that—in contradistinetion to the round
fishes, such as tuna, salmon, mackerel, and sardine—
only small amounts of histamine are produced during
spoilage of flat fish, such as sole and halibut. The
total histidine content of all these various fish pro-
teins seems to be identical, and therefore structural
differences of the proteins may be responsible for the
difference in the amounts of histamine produced dur-
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ing spoilage. Becausé of such structural differences,
the histidine present in round-fish protein seems to
be more susceptible to bacterial action.

These investigations, which indicate that eonsider-
able amounts of histamine are produced during spoil-
age of round fish, seem to support the assumption
that histamine is the toxic ingredient in fish poison-
ing. However, the authors (1) who propose this
theory do not discuss earlier (8) investigations ac-
cording to which oral or enteral administration of
large amounts of histamine did not prove to be toxie,
probably because histamine is detoxified during its
passage through the intestinal wall. Despite these
findings, we must consider the possibility that in the
cases observed by the authors cited (1), either the
detoxification mechanism was disturbed, or the con-
ditions of the intestinal tract were such that histamine
was absorbed at an increased speed so that detoxifi-
cation could not keep up with the entry of histamine
into the cireulation. Such a possibility is actually sug-
gested by some earlier experiments on dogs in which
it was found that, after introduction of dilute chloro-
form, ethyl aleohol, or HCl into the gut, the absorp-
tion of intraduodenally administered histamine pro-
duced a blood pressure depression characteristic of
histamine action within a short time. (8, p. 88).

We investigated this problem further, using guinea
pigs, animals that are particularly sensitive to hista-
mine. We found that 100 mg/kg (body weight) of
histamine base’ dissolved in 5 ml of water and neutral-
ized with HCI to pH 7.5 does not kill the guinea pig
when it is given by -stomach tube. However, when the
intestinal mucosa was damaged beforehand by ad-
ministration of saponin (9) for 2 consecutive days,
the same dose of histamine killed six of 10 animals
within 60 to 100 min.

In further experiments we tried to influence the in-
testinal absorption of histamine by producing intes-
tinal irritation through gavage of 2 drops of Oleo-
resin Capsicum (N.F.) suspended in 3 ml of water.
In these experiments, however, in spite of intestinal
hyperemia, only one of five guinea pigs showed shock
after gavage of histamine at a rate of 100 mg/kg
(body weight).

In all these experiments the histamine solution was
introduced through a rubber catheter attached to a
10-ml syringe. The catheter had to be filled with dis-
tilled water, because we found that when the hista-
mine solution was spilled in the mouth, severe symp-
toms and even lethal shock followed. This observa-
tion confirms the reports of earlier authors who found
that histamine produces shock when it is absorbed
from the oral mucosa, the tongue, or the trachea
(8 p. 78).

In another group of experiments we incubated
fresh tuna meat after inoculation with an unidentified
strain of marine bacteria for 56 hr at 37°C. In pre-
liminary experiments this strain of bacteria produced
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large amounts of histamine from a histidine solution.
The samples contained, at the end of incubation, 190
to 210 mg of histamine per 100 g of fresh substance.
This spoiled fish meat was fed to dogs, cats, rats, and
mice. Guinea pigs do not spontaneously consume fish
tissue. These animals received, by stomach tube, 10 ml
of a concentrated aqueous extract containing 80 to
100 mg of histamine made from spoiled fish. No symp-
toms of poisoning could be observed in these experl-
ments, and all the animals survived.

These experiments do not support the contentlon
that histamine present in spoiled fish is the cause of
fish poisoning. Instead, they indicate that other toxins
produced by certain toxin-forming microorganisms in
the course of spoilage may be mainly responsible for
toxic symptoms. The possibility that histamine may
participate in cases of human fish poisoning cannot
be entirely eliminated, because highly seasoned hot
dishes prepared from spoiled fish, or simultaneous
consumption of aleoholic beverages, may possibly fa-
cilitate the intestinal passage of histamine.
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On the Mechanism of an Anaerobic
Exchange Reaction Catalyzed by
Succinic Dehydrogenase Preparations

S. Englard* and S. P. Colowick
Jobns Hopkins University, Baltimore, Maryland

In. the course of studying the mechanism of enzy-
matic hydrogen transfer reactions, it became heces-
sary to investigate further (1) an exchange reaction
reported by Weinmann et al. in which dideuterio-
suceinic acid was converted to normal succinic acid
when it was incubated anaerobically with a rabbit
kidney sucecinic dehydrogenase preparation (2).

‘When normal succinic acid was incubated anaerobi-
cally in a medium eontaining D,0 and a Keilin-
Hartree heart-particle preparation made as is de-
scribed by Slater (3), the éxchange reaction was
extremely slow compared with the possible rate of
aerobic suecinic acid oxidation (Table 1, experiment
1). However, it can be seen that initially added
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Tablg 1. Infliience of fumarate on deuterium ineorpora-
tion into succinate. The reaction mixture contained 2.44
mM of potassium phosphate buffer, pH 7.29; 11.0 mg of
cytochrome ¢; 1.0 ml of an enzyme capable of oxidizing,
under similar conditions, 418 pM of succine acid per hour
with sugeinate as the sole substrate or 319 pM of suceinie
acid per hour when succinate plus fumarate were present;
the fumarase equilibrium was established about the
fourth hour. The total volume was 16.5 ml, having D,0
concentration by volume of 88.2 and 86.3 peveent for
experiments 1 and 2, respectively. Succinate was tipped
into the main body of the Thunberg tube after the reac-
tion mixture had been flushed with purified nitrogen gas
and the tubes had been evacuated with an oil pump. In-
cubation time, 8 hr; temperature, 37°C.

X Acids .
ey, Acids added isolated De“tte““m
xph. initially at end of (2 0“_“8/

reaction molecule)
1 1 mM suceinie Sueecinic 0.0310
2 1 mM sueceinie Suecinie 0.460
+ Fumarie 0.0188
1 mM fumarie Malie 0.779

fumaric acid greatly stimulated the incorporation of
deuterium into suceinic (Table 1, experiment 2).
Thege results are most readily explained by the
following equations.
-00C—CH,—CH,—C00" + 2X —
“00C—CH=CH—COO" + 2X-+ 2H* (1}
-00C—CH=CH—COO" + 2X- +2D* —>
-00C—CHD—CHD—COO0- +2X  (2)
Equation 1 represents a reduction of a natural car-
rier X by succinate, and Eq. 2 represents the reversal
of this reaction in heavy water. Alternatively, the
reduction of X would yield XH,, the hydrogens of
which would be rapidly exchangeable with .the me-
dium D,0. The resulting XD, would subsequently be
reoxidized by fumarate, yielding X and deuteriosuc-
cinate. Spectrophotometric evidence for the reversal
of reaction 1 with a partially purified enzyme prepa-
ration has recently been presented by Green et al.
(4). According to this scheme, the addition of fuma-
rate would promote the incorporation of deuterium
into succinate by establishing a new equilibrium posi-
tion in which the rates of both reactions 1 and 2
would be increased. The deuterium appearing in the
succinate should, therefore, arise directly from the
medium and not from a reduction of labeled fumarate.
The enzyme preparation used in these éxperiments
contained sufficient fumarase to establish the fuma-
rate-malate equilibrium. Hence, the finding of deu-
terium in succinate and the stimulation of this deu-
terium incorporation by fumarate may have reflected
an initial incorporation of deuterium into fumarate
via the fumarase equilibrium, provided that this
enzyme behaved in a nonslereospecific manner with
respect to the hydrogen atoms on the methylene
carbon of malate. To test this possibility, all three
acids from the reaction mixture, in which both suec-
cinate and fumarate were incubated anaerobically
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