
exponential growth. However, the con- 
version under these conditions is neither 
as rapid nor as synchronous as it is 
under the conditions already described. 
Furthermore, although glycerol gives 
optimum results, 0.012M phenethyl 
alcohol, under the same conditions, also 
induces formation of microcysts. 

While the refractile spheres produced 
by the glycerol technique are microcysts 
from a morphological point of view and 
are capable of almost 100 percent 
germination efficiency, other parameters 
indicate that, physiologically, they are 
not mature microcysts for at least an 
additional 12 hours; for example, the 
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The boxfish, Ostracion lentiginosus, is 
a member of the trunkfish family (Os- 
traciontidae), a group of tropical ma- 
rine teleosts characterized by a rigid 
dermal carapace encasing the body. 
Trunkfishes are often confused with 
their close relatives, the puffer fishes 
(1), but, whereas the poisonous nature 
of puffers is well known (2), infor- 
mation on the toxic nature of trunk- 
fishes is sketchy. 

It has been suspected that trunk- 
fishes under stress exude a substance 

poisonous to other fishes (3, 4). Intro- 
duction of newly captured, highly ex- 
cited trunkfish into aquaria with other 
fishes often results in the death of all 
other fish inhabitants within minutes. 
Such rapid mortality cannot be attrib- 
uted to anoxia, and it has been postu- 
lated that a poisonous substance is pro- 
duced by distressed trunkfish. 

Boxfish out of water secreted a copi- 
ous, watery mucus which foamed pro- 
fusely on agitation. The toxic nature 
of this mucus was convincingly demon- 
strated by rinsing skin secretions into 
the aquarium water of other reef 
fishes. Symptoms exhibited by fish so 

exposed were initial irritability and 
gasping, followed by quiescence char- 
acterized by decrease in the rate of 

opercular movements; loss of equilib- 
rium and locomotion and sporadic 
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convulsions and death. No recovery oc- 
curred after the initial symptoms ap- 
peared. 

Mucous secretions of the skin of dis- 
tressed boxfish were collected by plac- 
ing newly captured, living boxfish into 
small containers, adding 10 to 50 ml 
of a distilled water rinse, and swirling 
the fish around for five minutes. Such 
stress caused the boxfish to secrete a 
foamy mucus which was collected in 
the rinse water. A standard bioassay 
was established by adding a portion 
of the total rinse volume to 100 ml 
of sea water containing four to six 
newborn sailfin mollies, Mollienesia 
latipinna, 10 to 12 mm long. The mean 
survival time was used as an index of 
toxicity. 

Preliminary isolation techniques (5) 
included pooling the filtered aqueous 
rinses of six to eight boxfish, centri- 
fuging at 16,000 rev/min, and dialyzing 
against tap water. The resulting clear 
supernatant fluid retained its original 
toxicity, whereas both the precipitate 
and dialyzate were nontoxic. Heating 
the toxic supernatant fluid caused fur- 
ther precipitation but no reduction in 

toxicity. Boiling the solution to dryness 
caused no appreciable loss in toxicity 
of the residue, clearly demonstrating 
the nonprotein nature of the poison. 

The crude toxic residue was soluble 
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in water, methanol, ethanol, acetone, 
and chloroform, but insoluble in die- 
thyl ether and benzene. It was stable 
in acid (pH 2.0) and mildly basic 
(pH 11.0) solutions, but was rapidly 
detoxified upon excess addition of a 
strong base (KOH). Before heating, 
the toxicity of fresh secretions gradual- 
ly decreased at refrigeration tempera- 
tures, while boiled solutions could be 
maintained for months at these tem- 
peratures with little loss in toxicity, 
indicating that bacterial detoxification 
was occurring. 

Repeated extraction of the dried resi- 
due with acetone or chloroform and 
diethyl ether resulted in a particulate 
substance which formed stable foams 
in aqueous solutions and was toxic to 
the assay fish at concentrations of 
1: 1,000,000. Approximately 50 to 100 
mg of this crude toxin could be ob- 
tained at one time from the skin secre- 
tions of a single adult boxfish (6). 
The toxic principle of these secretions 
will be referred to as "ostracitoxin," 
using the generic (or familial) name 
of the boxfish in accordance with the 
naming of other toxins such as tetro- 
dotoxin-tarichatoxin, bufotoxin, and 
holothurin. 

Aqueous and ethanolic extracts of 
the skin, viscera, and muscles of fresh- 
ly killed boxfish were, surprisingly, non- 
toxic. Ostracitoxin was detected only 
in the epidermal mucous secretions of 
living, distressed boxfish. This is in 

sharp contrast with tetrodotoxin, which 
is found in the skin and viscera of 
many species of puffer fish and was 
only recently found in large amounts 
in the skin secretions of a few puffers 
(7, 8). The boxfish paradox suggests 
that ostracitoxin is "activated" during 
secretion. The susceptibility of the box- 
fish to its own toxin also supports 
this hypothesis: intramuscular injections 
of fresh mucous secretions caused al- 
most immediate loss of balance, and 
death occurred within a few minutes. 
And although boxfish are much more 
resistant to ostracitoxin in solution than 
are other fishes, they become moribund 
when left in sea. water with a high 
concentration of ostracitoxin (9). Puf- 
fer fishes, on the contrary, are im- 
mune to tetrodotoxin. 

A survey of the effects of ostraci- 
toxin solutions on various biological 
systems indicated that ostracitoxin has 
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Ostracitoxin: An Ichthyotoxic Stress Secretion of the 

Boxfish, Ostracion lentiginosus 

Abstract. Boxfish under stress produce an ichthyotoxic, hemolytic, nonprotein 
poison in the mucous secretions of their skin. This heat-stable, nondialyzable 
"ostracitoxin" foams profusely in aqueous solutions and is toxic to various 
biological systems. It is apparently unique among known fish poisons; it is toxic 
to boxfish and resembles red tide and sea cucumber toxins in general properties. 
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ed the cleavage of sea urchin olasto- 
meres, and was generally toxic to many 
invertebrates. Fishes were highly sus- 
ceptible to ostracitoxin, and all but a 
few (10) were rapidly killed by im- 
mersion in sea water containing this 
toxin. 

Intraperitoneal injections of ostraci- 
toxin into white mice quickly caused 
ataxia, labored breathing, coma, and 
death. However, the minimum lethal 
dose of crude ostracitoxin to mice was 
quite high (0.2 mg/g of mouse) pre- 
cluding the use of mice for bioassay. 
Sublethal injections into mice caused 
symptoms of poisoning, but recovery 
was complete, unlike ostracitoxin's ir- 
reversible action on fish. 

Ostracitoxin caused hemolysis of ver- 
tebrate erythrocytes in vitro at con- 
centrations as low as 1.0 part per mil- 
lion. A marked agglutination reaction 
preceded hemolysis when ostracitoxin 
was added to fish erythrocytes in citrat- 
ed or heparinized saline; such agglutina- 
tion was not observed with human or 
mouse blood, but rabbit erythrocytes 
were agglutinated as readily as those 
of fish. The minimum effective con- 
centration for agglutination of fish 
erythrocytes of the skipjack tuna (Kat- 
suwonus pelamis) was 1: 20,000. Ag- 
glutination in vitro also preceded hemo- 
lysis in boxfish erythrocytes, providing 
further evidence of the toxicity of os- 
tracitoxin to boxfish. 

Ostracitoxin is clearly unique among 
all known fish toxins. Its ichthyotoxic 
property alone-that is, its property of 
poisoning fish immersed in ostracitoxin 
solutions-distinguishes it from tetrodo- 
toxin and ciguatera toxin. In this re- 
spect ostracitoxin closely resembles cer- 
tain red tide, sea cucumber, and star- 
fish toxins (11). The many similarities 
between ostracitoxin and holothurin A, 
and the clearly saponin-like properties 
(12) of crude ostracitoxin, indicated 
that the boxfish toxin might be a steroid 
saponin (7). However, preliminary 
studies now in progress with the pure 
toxin indicate that ostracitoxin is not 
a saponin (13). 

Although ostracitoxin has been iden- 
tified only in the stress secretions of 
the boxfish, 0. lentiginosus, preliminary 
studies showed that the mucous secre- 
tions of three other Hawaiian trunk- 
fishes, Lactoria fornasini, L. diaphanus, 
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Red Sea boxfish (2) and an Atlantic 
trunkfish (4) have already been report- 
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ed to be poisonous to fish. It appears 
that ostracitoxin-like poisons may be 
as characteristic of the Ostraciontidae 
as tetrodotoxin is of the Tetraodontidae 
and Salamandridae. Such a biogenetic 
finding may be of systematic impor- 
tance within the trunkfish group and 
suborder Balistoidae. 
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the protein. 

Carbohydrate components of myco- 
bacterial culture filtrates have usually 
been considered incapable of eliciting 
a tuberculin reaction in sensitive ani- 
mals (1). Our previous study (2), 
however, indicated that a carbohydrate 
fraction, GA, isolated from unheated 
filtrates of cultures of Mycobacterium 
bovis strain BCG may induce a tuber- 
culin reaction indistinguishable from 
that induced by protein fractions. It 
also has been reported recently that a 
lipopolysaccharide derived from M. tu- 
berculosis may have tuberculin activity 
(3). 

Because the carbohydrate fraction, 
GA, contained approximately 10 per- 
cent protein, a question arose over the 
role of protein in the tuberculin activ- 
ity of the carbohydrate. This report 
describes the results of proteolytic di- 
gestion of fraction GA and establishes 
that the carbohydrate is, in fact, capa- 
ble of inducing a tuberculin reaction 
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in sensitive guinea pigs indistinguish- 
able in intensity, appearance, and time 
of development from that induced by 
a protein fraction FB or by PPD-S 
(4). 

Solutions of FB and GA (25 
mg/ml) were prepared in 0.03M phos- 
phate buffer, pH 7.5, and ethanol was 
added to a concentration of 4 percent. 
To 2.0 ml portions of each of these 
solutions 0.8 mg of Pronase, a prote- 

Table 1. Yields and nitrogen analyses of 
enzyme and nonenzyme treated components 
isolated by Sephadex G-25 chromatography. 

Substance Yield* Nitrogen 
(mg) (%) 

FBS 27.8 10.4 

FBES 6.3 6.8 

GAS 22.2 1.1 

GAES 32.9 0.4 

* Yield is based on only that portion of the 
eluate that was salt-free. 
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(mg) (%) 

FBS 27.8 10.4 

FBES 6.3 6.8 

GAS 22.2 1.1 

GAES 32.9 0.4 

* Yield is based on only that portion of the 
eluate that was salt-free. 
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Tuberculin Reactivity of a Carbohydrate Component of 

Unheated BCG Culture Filtrate 

Abstract. Carbohydrate and protein fractions from the filtrate of a culture of 
Mycobacterium bovis strain BCG have equal activity in sensitive guinea pigs. The 
sequential action of two proteolytic enzymes caused little alteration in the 
reactivity of the carbohydrate but almost completely eliminated the reactivity of 


	Cit r94_c112: 


