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ABSTRACT

A potent venom was isolated from the heads of globiferous pedicel

lariae of the sea urchin, Tripneustes gratilla (Linnaeus) by homogeni

zation with an aqueous salt solution. The homogenate contained an

active, non-dialysable, thermolabile, biuret positive material which

exhibited strong ultraviolet absorption at 278 mu., whereas no active,

dialysable components were present.

Some purification was achieved by ammonium sulfate fractionul

precipitation and carbon adsorption. These procedures eliminateJ

inactive contaminants and increased the ratio of protein to non-prutcin

constituents by a factor of three. The active material was further

separated into seven distinct bands by polyacrylamide gel electro

phoresis, but no assignment of activity could be made to these components.

A preliminary pharmacological characterization of the venom was

obtained on the basis of the response of whole animals and isolated

oTgan and tissue systems. Animals such as the mouse and rabbit were

highly susceptible to the venom, and death was preceded by respiratory

distress, excitability, and terminal tonic convulsions. The venom

produced a marked drop in arterial blood pressure and a disorientation

of electrocardiogram in anesthetized rabbits, and caused an auricular

ventricular block in isolated toad and guinea pig hearts. The

existence in the venom of acetylcholine, histamine, or serotonin, or

substances possessing similar actions was precluded by experimen' J on

the isolated rat and guinea pig gut, and the isolated protractor muscle

of the lantern of sea urchins. The venom had neither a neuro-muscular

blocking action nor a dire.ct effect on conduction in the isolated nerve.
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Microscopic examination of the heads of globiferous pedicellariae

showed them to be composed of three adjacent jaws each containing a

supporting calcareous element or valve with a terminal hook, a bilobed

muscular sac with terminations near-the base of the hook, three

functional muscle groups for opening and closing of the jaws, and bending

the heads on stalks, and an enveloping, cuboidal epithelium. No

glandular epithelium or holocrine-type secretory cells were apparent

within the muscular sac, although the lumen was filled with a very

course, granular material.



CHAPTER I

INTRODUCTION

The past several years has witnessed an increased interest in

biologically active substances derived from marine organisms, and in

particular, in substances of highly noxious or deadly character which,

when introduced into an animal, will produce an injurious effect.

These substances or poisons are generally classified according to their

chemical composition and structure, or on the basis of their

pharmacological action; however, neither of these sc~emes has been

entirely adequate. The situation has become even more difficult to

systematize because very often the poison which has been extracted from

an organism is a complex mixture of several unique chemical compounds

which, from a pharmacodynamic sta~Q~oint, are capable of producing

several changes, sometimes concomitantly, in one or more organ systems.

Since a classification of poisons derived from marine organisms

cannot be adequately built upon chemical and physiological grounds, one

based on the mode of introduction of the poisonous substance into

another organism does serve the useful purpose of dividing poisonous

marine organismq into two subdivisions regardless of the nature of the

poison or the phylogenetic position of the animal.

The mode of introduction may be subdivided into passive and active

introduction. In passive introduction the poison is passed on by

either the ingestion of the poison-containing organism by another, or

by the diffusion of a substance secreted into the water with subsequent

diffusion into or absorption by the prey. On the other hand, morpholo-

gically distinct mechanisms have developed in certain phyla which provide
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a means for physical penetration permitting active introduction of the

harmful substance.

Notable am0ng the marine phyla which have developed such morpholo

gically distinct mechanisms are the Coelenterata, Mollusca, Annelida,

Echinodermata, and certain of the Chordata. All of the animals which

have been found to be inherently poison producers and which are repre

sentatives of these phyla have one thing in common, namely, that the

poisonous substance is introduced into a victim by some mechanism which

inflicts a puncture-type wound. In all cases, this puncture-type wound

is either produced by a bite or by some stinging mechanism.

In the case of certain octopuses and bloodworms the poisonous

substance is introduced by a mechanism associated with a beak or with

other mouth parts, respectively. Cone shells introduce their poison by

means of a hollow tooth which is attached to a proboscis. Coelenterates

in general have cnidoblasts comprised of capsule, cnidocil, and

nematocyst, the latter part introducing the poison. Certain starfish

and sea urchins introduce their poisons by means of fang-tipped

globiferous pedicellariae, while other sea urchins introduce poisonous

substances either through hollow, venom-filled spines or spines tipped

with poison sacs. In addition, several fishes sting by means of grooved

spines or spines associated with fins which contain poison-secreting,

glandular epithelium.

This investigation was undertaken cognizant of this widespread

occurrence of venomous marine animals and the potential wealth in

interesting biologically active substances which these represented.

Although numerous toxic marine animals are available in local Hawaiian



3.

waters, the isolation of an active biological substance demanded that

its source be both abundant and readily obtainable.

The sea urchin, Tripneustes gratilla (Linnaeus) fulfilled both of

these requirements. This animal is not only one of the most abundant

Echinoderms found in local waters but can be collected with ease in

large numbers. Further, the globiferolls pedicellariae are extremely

numerous and are easily removed from the animal.

Although no zootoxicological studies have been carried out thus

far with this particular sea urchin, certain evidence existed which

strongly suggested that the globiferous pedicellariae would be a

promising source of a biologically active material. First, Mortenson

in his monumental work, ~ Monograph of the Echinoidea, (1943a, p. 470)

describes an experience that he had while handling a specimen of

Tripneustes gratilla:

"That this tiny pedicellaria could have no harmful
effect I had always thought beyond a question. Now it
happened that, on my opening a specimen rather roughly, a
piece of the test covered wlth these pedicellariae hit my
naked arm at the elbow joint. A very intense pain, much
worse than that caused by nettles, was felt immediately .•..
For several hours the pain continued, and a wound almost as
from burning caused "by these pedicellariae did not heal up
completely till after more than a month."

The severe pain which he experienced certainly is indicative of the

presence of some active substance. Second, there have been similar

local reports by fisherman and students of pain (and swelling) at the

site of stings received while handling these animals. Finally,

Tripneustes gratilla (Linnaeus) is classified within the family

Toxopneustidae from which three other genera are reported to possess

venomous globiferous pedicellariae.
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The literature pertaining to the venomous nature of the globi-

ferous pedicellariae is not extensive. Investigations cover three main

aspects: the physical appearance of the secretion under various

conditions with some assessment of chemical activity, physiological

action on various animals and isolated animal preparations, and the

histology of the pedicellariae.
.

Most of the work has delt with the physiological and histological

aspects, while very little information has been accumulated as to the

chemical nature or physical properties of the venom. The physiological

work is summarized in Table I-l and Table I-2.

Sladen (1880) and Foettinger (1881) were the first investigators

to publish reports on the descriptive morphology and the function of

the pedicellariae from the genera Echinus and Sphaerechinus, but

neither showed the pedicellariae to be venomous. The first true

recognition of the toxic nature of a sea urchin was made by Sarsin and

Sarsin (1887) who investigated the leather urchin, Cyanosoma ~;

however, the poison apparatus in this case was a specialized spine

rather than a pedicellaria. Although Hamann (1887) did not recognize

the toxic nature of the pedicellariae of several species of sea

urchins, he did show that the pedicellariae produced a glandular

secretion.
II

It was von Uexkull (1899), working with Sphaerechinus granularis,

who provided the first unequivocal evidence to support the view that

the globiferous pedicellariae were venomous. This work also contained

the first physical data concerning the actual secretion which he

described to be a clear liquid which had a viscosity greater than

water and a low pH. Upon contact with water it became coagulated and
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inactivated, whereas, upon contact with air it became granular. If the

secretion was applied directly to the external epithelium of the

pedicellariae the tissue was dissolved. His work concerning the effect

of pedicellariae stings on various biological systems is summarized in

Table I-1 and I-2.

Henri and Kayalof (1906) studied the pedicellariae from Arbacia

aequitubulata, Paracentrotus lividus, Spatangus purpureus} and

Sphaerechinus granularis and not only showed their globiferous

pedicellariae to be toxic but showed the other types (not containing

well-defined poison glands) were also. Thus, a general toxic~ty was

shown to exist, but the globiferous pedicellariae were toxic at a much

higher leve1.

Sea water extracts of the globiferous pedicellariae of Sphaerechinus

granularis when exposed to a temperature of 1000C. for 15 minutes

revealed little attenuation. The fact that they found that an aqueous

"extract was toxic is in disagreement with von Uexkull's findings that

water inactivated the venom.

Several interesting findings concerning the physiological action

emerge from Henri and Kayalof's work with sea water extracts of the

globiferous pedicellariae of Sphaerechinus granularis (see Table I-l).

Echinoderms} represented by certain species of Echinoidea and

Holothuroidea, and an Amphibia (the frog), were immune to the action of

the pedicellarial extracts, whereas the rabbit was very sensitive.

Interestingly, an extract of 300 pedicellariae would not kill a frog,

but one of only 40 would kill a 1.4 kg. rabbit in a matter of two or

three minutes, death being due to respiratory paralysis.
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Henri and Kayalof were further able to induce immunity in rabbits

to the pedicellariae venom by injecting intravenous, sub-lethal doses

every three days for a period of 12 days. At the end of this period

the animal was able to tolerate the previously determined lethal dose.

The immune rabbit serum offered no protection to other rabbits, fish,

or crabs. However, if one milliliter of frog serum was injected i~to a

crab just previous to the administration of a crab lethal dose (20

pedicellariae), the crab was protected.

"Levy (1925), stimulated by the work of von Uexkull and Henri and

Kayalof, investigated the pedicellariae of three regular sea urchins,

Echinus esculentus, Paracentrotus lividus, ·and PsammechinuG miliaris

with the view of determining whether the venom had some hemolytic

properties (see Table 1-1).

Filtered sea water homogenates of all forms of pedicellariae

(gemmiform = globiferous, ophicephales, and tridactylus) from these

three species showed no hemolytic activity on the red blood cells of

cows, pigs, horses, or sheep; however, if lecithin, or better, chicken

egg yolk was added, hemolysis in certain cases did occur. The

gemmiform pedicellariae from all three species caused hemolysis, the

tridactylus pedicellariae from all but P. livid~, and the ophicephales

pedicellariae caused none.

The hemolytic activity was found to be localized in the pedi-

cellariae exclusively since extracts of the epithelium of the spine

base, ambulacral feet, testes, and ovaries (~. lividus, and E.

esculentus) showed no activity.

From this work Levy hypothesized that the hemolytic activity was

due to a process analogous to that which occurs in the venoms of the
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snake, centipede, bee, and scorpion. It should be noted here that

Boquet (1948), in reviewing those phyla other than Chordata which

contain venomous animals, refers to the work of Levy and infers that

the pedicellariae of Echinoderms contain the enzyme lecithinase

(= phospholipase A) .

An investigation of the physiological action of the globiferous

pedicellariae of Toxopneustes pileolus (Lamarck) and the only known

report of a case of stinging in the human was given by Fujiwara-(1935).

He describes his own personal experience in the following manner (p. 68):

" 7 or 8 pedicellariae stubbornly attd.ched
themselves to a side of the middle finger of my right hand,
detached from the stalk, and remained on the skin of the
finger. Instantly I felt a severe pain resembling that
caused by the cnidoblast of Coelenterata, and I felt as if
the toxin were beginning to move rapidly in the blood
vessel from the stung area towards my heart. After a
while, I experienced a faint giddiness, difficulty of
respiration, paralysis of the lips, tongue and eyelids,
relaxation of muscles in the limbs, was hardly able to
speak or control my facial expression, and felt almost as
if I were going to die. About 15 minutes afterwards, I
felt that pains gradually diminish and after about an hour
they disappeared completely. But the facial paralysis
like that caused by cocainization continued for about six
hours. "

Albino mice, which were intentionally allowed to be stung on the

abdomen by seven or eight globiferous pedicellariae, . "suffered

from difficulties of normal action and respiration", and registered a

fall in body-temperature of 2.490 C. Animals injected intraperitoneally

with 0.5 ml. of a sea water extract of pedicellariae (50 pedicellariae/

5 ml. of solution) showed the same symptomatology as the stung animals.

The average fall in body-temperature was 2.37°C. as opposed to 0.64°c.

for a sea water control.
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Fujiwara concludes from his own experience and from his mouse

experimental work that (p. 66):

"( 1). The stung area is limited only to the special
body surface with an epidermis so thin and flimsy that it
can be penetrated by the hook. In a body surface with an
epidermis thicker than the length of the hook, so that the
toxic products injected cannot reach the capillary in the
dermal layer, the poisoning does not occur.

(2) .... (3). As the solvent for the secretory
substance, the blood of higher animals and sea water are
very favourablej and the resistence of the substance to
high temperature is veT)- strong.

(4). The nature of the toxic substance resembles
that of Sphaerechinus granularis, and the mode of
narcotization seems very similar to that of cocaine. The
toxin leads to the relaxation of muscle, to the difficulty
of respiration and to a drop in bOdy-temperature. II

As a point of interest, Mortenson (1943a) has this to say about

the Toxopneustidae with which Fujiwara did his work (p. 468):

"The genus is particularly characterized by its
globiferous pedicellariae, which are developed to an
extraordinary degree, representing the climax in the
development of these organs in Echinoids."

Peres (1950), critical of some phases of the work of Henri and

Kayalof, reevalutited the overall toxicity of the urchin, Sphaerechinus

granularis. Not only did he exawine the toxicity of the globiferous

pedicellariae, but investigated the toxicity of the glands situated on

the stalk of the globiferous pedicellariae, the general toxicity of the

two other pedicellarial forms (tridactyles and ophicephales), the brown

gland (7), and the fluids from the coelomic cavity and the ambulacral

system.

Working with certain crustacea and the frog, Rana temporaria, (see

Table 1-2), he found that the globiferous pedicellariae contained a

venom, the toxicity of which was three times that of the other body

parts tested, and approximately six times that of the other pedicellarial
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forms. Al~hough the stalk glands possessed some activity they were no

more toxic than the other body constituents.

Paralysis of body musculature progressing to include the respira

tory musculature was given as the cause of death in the crustacea

studied. While Henri and Kayalof found the frog to be extremely

resistant to the venom, Peres showed it to be somewhat effected;

paralysis occurred but did not lead to death. Finally, he found the

venom to be thermostable (as did Henri and Kayalof). Boiling for 30

minutes produced an abundant flocculation, but 1. ,e filtrate showed no

loss of toxicity. Similarly, treatment with di. Ite HCl caused floccu

lation with no loss of toxicity.

A recent work by Mendes et al (1963) describes the cholinergic

action of homogenates of the globiferous pedicellariae of the sea

urchin, Lytechinus variegatus. They demonstrated an acetylcholinelike

action on isolated preparations (such as the guinea pig ileum and the

amphibian heart) which have conclusively been shown to be cholinergic

(see Table 1-1).

This active material was dialyzable and partially thermolabile.

Complete inactivation was accomplished by treatment with 0.25 N NaOH

followed by neutralization with HC1.

Although no histological studies have been made of the globiferous

pedicellariae of Tripneustes gratilla (Linnaeus) save the descriptions

of the calcareous skeletal elements and spicules by Mortenson (1943a,

1943b) there are several works on other species which are quite adequate

for comparative purposes. Foettinger (1881) and Peres (1950) have made

exhaustive studies of the pedicellariae of Sphaerechinus granularis.

Kiernik (1905) studied the pedicellariae of two regular sea urchins,
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Paracentrotus lividus (Mort.) and Parechinus microtubercularis with

special reference to the muscle. Finally, FUjiwara (1935) studiei the

histology of Toxopneustes pileolus (Lamarck) and made some comparisons

with Sphaerechinus granularis and Echinus acutus.

In addition to the specific literature cited above, there are

several extensiy~ surveys of poisonous animals, all of which, contain

references pertinent to sea urchin poisoning in general, and are listed

here as added sources for reference: Galmette (1908), Phjsalix (1922),

Pawlowsky (1927), Boquet (1948), Fish and Cobb (1954), Hyman (1955), 

Buckeley and Porges (1956), Kaiser and Michl (1958), and Halstead (1959).

This investigation reported on here has been carried out along

three specific lines of research: anatomical, biochemical, and

pharmacological.

A study has been made of the structural elements comprising the

globiferous pedicellariae of Tripneustes gratilla (Linnaeus), and a

comparison made with the ?tructure of the globiferous pedicellariae of

two typical Toxopneustids; Sphaerechinus granularis and Toxopneustes

pileolus, as described by Foettinger (1881) and Peres (1950), and

FUjiwara (1935), respectively.

The biochemical phase of this investigation deals with the

collection of sea urchins, removal of globiferous pedicellariae heads,

extraction and partial purification of the venom, and determination of

the general chemical nature and physical properties of the active

material. It was not the purpose of this investigation to elucidate

the chemical structure of the components of the active material.
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In an attempt to gain an understanding of the action of the active

material, the methodology of physiology and pharmacology was applied,

both from the standpoint of biological assay and pharmacodynamics.

Finally, physical and physiological data pertinent to the

globiferous pedicellariae venom from other sea urchin species, as

revealed in the literature, were used as guides in order to elucidate

the similarities and dissimilarities to that of the venom of

Tripneustes gratilla (Linnaeus).
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CHAPTER II

THE MICROSCOPICAL P~ATOMY OF THE GLOBIFEROUS PEDICELLARIA HEAD

Three types of pedicellarial appendages (globiferous, tridentate,

and triphyllous) are found on the test of the sea urchin, Tripneustes

gratilla (Linnaeus), but only the globiferous type contains well

defined, sac-like structures (the so-called poison glands). These

globiferous pedicellariae are composed of two anatomically distinct

parts; the head and the stalk. Although both parts possess structures

which are generally considered to be glandular and secretory, it is the

head alone which is structurally built to function as a stinging

apparatus. Because in this investigation only the head portion of the

globiferous pedicellarial type has been collected and subjected to

extraction, the microscopical study has been primarily confined to the

description of this structure.

Material and Methods

A microscopic examination ~~s made of the surface of freshly

collected sea urchins, vashed sea urchins, and of the materials removed

from the surface of the animals by this washing (see Chapter III,

Preparation of crude~ extract). The heads of globiferous pedi

cellariae were obtained by the standard processing procedure, while

whole pedicellariae (globiferous, tridentate, and triphyllous) were

removed from the test of the sea urchin by gently freeing them at their

articulations (the base of the stalk and the stalk tubercle on the test).

The tridentate and triphyllous pedicellariae were observed intact

on the test, or detached in sea water, while whole globiferous

pedicellariae and the head portion were studied intact on the test,
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detached in sea water, or after fixation with Baker's calcium-formol

prepared in filtered sea water. In some cases, material was washed in

distilled water, dehydrated in alcohol, cleared in xylene or cedarwood

oil, and mounted directly in Canada balsam. other fixed material was

decalcified in either Decal or EDTA (ethylenediamine tetra-acetic acid,

disodium salt) which was adjusted to a pH of 6.5 with 1 M NaOH as

recommended by Pearse (1960).

Decalcified materials were dehydrated in alcohol, clea:::t::u. in

xylene or cedarwood oil, and mounted directly in Canada balsam, or

dehydrated in alcohol, cleared in xylene, embedded in Tissuemat

(54-56°c.), and sectioned at 4 to 8 p. (serial sections). Most tissue

sections were stained in Heidenhain's iron hematoxylin with or without

a triosin counterstain, while others were stained with Mallory's

Triple stain. One series was mounted unstained for observation with a

polarization microscope.

The supporting skeletal elements (= valves) of the heads of the

globiferous pedicellariae were obtained by treating large numbers of

un-fixed heads with 1% KOH in a boiling water bath for 30 to 45

minutes. The solution was cooled and vigorously stirred to breakup the

structures, the skeletal elements allowed to settle by gravity, and the

solution containing suspended tissue debris removed by decantation.

After several additional decantation, the elements were transferred to

an alcohol wash (70%), and mounted directly in Euparal.

Results and Discussion

The microscopic examination of the surface of freshly collected

sea urchins revealed that the globiferous, tridentate, and triphyllous
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pedicellariae were distributed on the surface of the test between the

spines, on the peristome (region surrounding the mouth), and on the

periproct (region surrounding the anus). Of these three types, the

globiferous pedicellariae were the most abundant.

The head portion of the globiferous pedicellariae and most of the

triphyllous pedicellariae (except a portion of the stalk adjacent to

the articulation) were easily removed with fine forceps, whereas the

stalks of the globiferous type and the whole tridentate pedicellariae

could be removed only if broken somewhere along the stalk. However,

successful removal of the intact globiferous pedicellariae stalks and

the whole tridentate pedicellariae was accomplished by severing the

musculature between the stalk base and the tubercle on the test.

Examination of the test after washing showed extreme damage to

the delicate surface epithlium; however, large numbers of globiferous

pedicellariae stalks, whole tridentate pedicellariae, and fewer

triphyllous pedicellariae were still in place (though damaged) •

A study of the material collected in the sieve (120 mesh) revealed

that while some tube-feet, epithelial tissue debris (presumably from

the surface of the spines and test), tridentate and triphyllous

pedicellariae (in various stages of ruin), bits of broken spines, sand

grains, and small planktonic organisms were present, the vast majority

of the material was composed of the head portions of globiferous

pedicellariae. Although these contaminants were extracted along with

the head portions, and undoubtedly made some contribution in material

removed in the extraction, it has been assumed that they neither signi

ficantly accounted for, nor contributed to the toxicity of the final

extracted material. This assumption is based on the results of both
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Henri and Kayalof (1906) and Peres (1950) who found that the globi

ferous pedicellariae were far more toxic than any other pedicellarial

form or other body structures of the sea urchin. Also, an experiment

to be mentioned later (see Chapter IV, Whole animal studies.)

concerning the extraction of the heads of globiferous pedicellariae

indicate that no increase in toxicity is apparent over that of material

collected by the routine processing procedure.

Satisfactory fixation of globiferous pedicellariae (heads and

stalks) was achieved using Baker's calcium-formol (in filtered sea

water). A degree of decalcification was noted after long storage in

the fixative if excess CaC03 was not present, but this offered no

particular problem. This fixative did free some tissue pigments which,

from the standpoint of gross microscopic examination of whole

structures, was extremely helpful.

EDTA was found to be far superior to Decal as a decalcifying

agent. Complete decalcification of pedicellarial materials required

one to three days, while equivalent results were not obtained even

within two weeks with Decal. Pigment loss was quite apparent with the

use of either agent.

No particular problems were encountered in handling the various

tissues through histological processing, although embedding the

structures in Tissuemat was difficult because of their minute size.

This problem was solved by either embedding individual structures in

wax-filled gelatin capsules or embedding large numbers of structures

at one time in individual containers. The containers in the latter

case were made from 1.5 em. iengths of 0.63 em. diameter Tygon tubing

which, just before embedding, were sealed at one end with Plasticine.
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The head of a globiferous pedicellaria is a single, integrated

unit that is composed of three identically shaped jaws which, when in

the closed position, are interdigitated along their lateral edges

forming a globe-shaped structure. It is attached to a long, slender,

rod-like stalk which possesses a conspicuous swelling at the position

of the attachment (see Fig. 11-1, ~-~). Measurements of the overall

length of several pedicellariae gave an average value of 3.050 rum.,

the head and the stalk contributing 0.462 rum. and 2.588 mm. respec

tively. The average diameter of the head, the swelling on the stalk,

and the stalk below the swelling were 0.431 mm., 0.385 rum., and 0.272

rum. respectively.

When the sea urchin is undisturbed in its natural habitat, the

jaws of the globiferous pedicellariae are in an open position in which

the long axis of each jaw is perpendicular to the stalk axis, and if

viewed from above (into the opened jaws) the whole structure appears as

a unilateral triangle. Each of the three jaws contain calcareous

supporting elements or valves that articulate at their bases one with

the other, and terminate distally in long, sharply tipped hooks which

are bent inward. Their positional relationship within the jaws, and

their general structural architecture are presented in Fig. II-2, ~-~

and Fig. II-3, ~). The average length of a typical valve is 0.450 rum.

with a greatest width of 0.220 rum. These valves not only offer

structural support for the jaws and a basis for articulation, but serve

also as points of muscle insertion.

Three functional muscle groups are associated with the valves

of the head; the adductor group (composed of three short, stout

bundles) which affect closure of the jaws, the abductor group
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Fig. 11-1. Globiferous pedicellariae of Tripneustes gratilla (Linnaeus).

A, view of test surface of a living sea urchin showing globiferous pedicellariae (blue) between spines
and tube-feet. Note swelling below pedicellariae head. 20X. B, the head portion of a decalcified,
unstained globiferous pedicellariae atop the stalk s,relling. lIax.

f-'
\0
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Fig. 11-2. The calcareous supporting valves or glob1ferouB pedicellariae.

A, head portion showing the valve hook projecting from Jaws. Polarized
light. l74x. B, three cleaned valves in Dormal orientation. l~X. £,
side view of cleaned valve: B = base, c • crest, b • book, g • groove,
b = barb. l83x. £, top view of cleaned valve. 185X.
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(composed of three even shorter bundles) which open the jaws, and the

flexor group which bend the head on the stalk. The adductor bundles

are located on the inner side of the jaws, extend between adjacent

valves, and are inserted along a crest on the inner surface of each

valve (see Fig. 11-3, ~ and Fig. 11-2~, c). The abductor bundles are

located on the outer surface of the jaws, are attached to the outer

surface of the valve base, and extend around these bases (see Fig. 11

3~, abductors (abd) are seen in the triangular-like space resulting

from the three adductor (add) bundle placements). The flexor group is

not discernible in these figures.

It was not possible to ascertain whether the muscles are smooth or

striated by the histological methods employed. Even though many

studies have been conducted in an attempt to classify the musculature

of pedicellarial types from various species of sea urchins, there

seems to be no reasonable agreement on this point. Kiernik (1905)

points out that the results of investigations, concerning the histology

of the musculature of the Echinoidea and the Echinodermata in general,

have shown that smooth muscles have been found in the majority of the

cases, while striated muscles or the two muscle types in combination

have been found in fewer instances. Hyman (1955) appears to be in

agreement with this view and regards the smooth muscle as the primary

type present in most pedicellarial forms, but does point out that

striated muscle may also be present. Obviously, a very careful and

extensive, comparative study is needed to clarify this problem.

Each jaw contains, in addition to its calcareous valve, a large

bilobed, sac-like structure whose volume accounts for the major portion

of the jaw. This sac-like structure is positioned on the outer surface
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F1v. II - 3. ':'he l:eud p':;rtions Df globiferous pedlce llarlae in the open
p'~si tion.

j" "b cement (if valves " V, adductor musc le = add, and muscular sac .. S
in the ja~G. l42X. B, placement of muscular sac = 5, the adductor
::iuscles '" add, and the abdu'ctor muse'lea = abd 1n jaws of declillc1f1ed
pedicellr.riae. l12X.
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of the valve. Its two lobes course distally as separate tubes along

the rod-like portion of the valve, and terminate, a lobe on either side,

in the region of the valve hook (see Fig. II-3, ~-~). Examination of

histological sections clearly show this relationship (see Fig. II-4~,

st and ~), while closer observation reveals that the bilobed sac is

completely enclosed in a muscular sheath (see Fig. 11-5, ~-Q).

The lumen of most of these muscular sacs has been observed to

contain a very course, granular material which possesses no structural

integrity, and probably represents proteic material and other

substances which have been coagulated or precipitated by the reagents

used in fixation, decalcification, etc. (see Fig. 11-5, ~-Q and Fig.

11-6).

With few exceptions, apparent analogous structures to these sacs

in the globiferous pedicellariae of other sea urchins, have been

designated as glands which produce a poisonous secretion. In the

studies of Hamann (1887) and Fujiwari (1935), elaborate evidence is

presented which shows that the entire muscular sac is lined with

glandular epithelium. No such epithelium, however, is apparent in the

muscular sacs from the globiferous pedicellariae of Tripneustes

gratilla (Linnaeus). Also, there is no evidence of cells in various

stages of growth which might be indicative of a holocrine-type of

secretion.

Several possibilities exist which might account for this apparent

discrepancy: (1) the histological procedures used in this present

study could have been inadequate for proper visualization of glandular

epithelium or holocrine-type secretory cells; (2) if one or the other

secretory mechanism is involved in the production of the venom, it may



Fig. 11.4. Sections through head-portion of globlferous pedieellar16a.

A, section parallel to long axis of Jaws or open pedicellarlae. Note
epithlium (epl), bilobed muscular sacs in eaeh Jav (a), and sac
terminatIons Cst): B, seetion perpendicular to stalk axis of cloeed
pedicellarla. Note tvo lobes and sac musculature (sm) in eaeh Jaw aod
addu~tor muscle bundles (add) in center or head. 170X. M811o~'8

Triple stain. l53X.

24.
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Fig. II-5. Sections through Jav.portion of globiferous pedicellariae.

A and C, sections parallel to long axis of jaw. Not~ enveloping
epithelium, bilobed muscular sac terminations, and lumen contents. 445X.
Band D, enlarged portions of A and C respectively. 995X. A-D,
Heidenhain's iron-hematoxylin 3tain.- - -
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Fig. 11-6. Section through jaw-portion of globiferous pedicellaria.

Note the epithlial covering, the layer of muscular fibers between the
epithelium and the sac contents, and the lack of structural detail in
the granules. 955X. Mallory's Triple stain.
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be only present during some stage in the development of the pedicel

lariae.

Although no specific histochemical techniques were applied for

the primary evaluation of either glandular epithelium or holocrine-type

secretory cells} it seems likely that some cellular remnants would be

present even with inappropriate methods. In regard to the second

possibilitYj since the head portion of a globiferous pedicellaria is

torn off its stalk when involved in stinging and is carried away} it is

involved only once in the role of a defensive mechanism. Therefore,

there seems little need for the presence of an active secretory process

which would continuously replenish a toxic substance. It is possible

that an active secretory phase if operative during some stage in the

development of the pedicellariae would lay down the toxic substance.

This substance would be stored in the muscular sacs or so-called poison

glands until needed, and the cellular structures associated with the

secretory phase might degenerate. If these two types of secretory

mechanisms are not involved} it is difficult to envision what structure

might be operative in the production of the venom. Therefore, a

comprehensive histochemical investigation is required to clarify the

mode of production of the poisonous sUbsta~~e.

Detailed examination of the region of the jaw where the lobes of

the muscular sac terminate near the hook of a valve (see Fig. 1I-5)

~-f) has not shown clearly whether the lobes terminate external to the

hook or enter a channel within the hook. Close observation of the

hook detail (see Fig. 1I-2f) groove (g) and barb (b) reveals that a

groove runs the length of the hook and terminates distally in a very

small barb.
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In the case of the hook of Toxopneustes pileolus (Lamarck), it

terminates in a more pronounced tooth-like projection or barb at the

end of a groove (as in ~. gratilla) which, according to Mortensen

(1943b), is the position of the canal opening. It is not made clear

whether the lobes terminate at the barb, or if the termination is at

the beginning of the groove along which the venom would then be

channeled. Fujiwari's (1935) observations on the same species indicate

that the lobes terminate and open near the base of the hook. Neither

Foettinger (1881) nor Peres (1950) in their study of Sphaerechinus

granularis clarify this point.

However, it appears that, in the case of Tripneustes gratilla, the

lobes terminate in the vicinity of where the groove begins. There is

no evidence of a secretory duct being present that leads from the lobes

to the barb.

All of the structures described above (the valves, muscle bundles,

and muscular, bilobed sacs) are enclosed in a pigmented epithelium

which is one to many cells high. This covering is composed of very

small cuboidal cells containing a nucleus with a peculiar square inclu

sion (see Fig. 11-7). These cells have the dimensions of 4.16 p. x

3.75 p., and the nucleus is 1.66 p. in diameter, with a 0.83 p.

inclusion. The cytoplasm also contains minute granular inclusions.

The boundary between cells is seen only with difficulty. Differ

entiation of tissues stained with Heidenhain's iron hematoxylin to a

point where little staining was apparent in conjunction with phase

contrast microscopy were required before the structures were visible

(see Fig. 11-7).



Fig. II-? Section through external epithellUlll of a glob1f'erou8
ped1cellarla .

The cuboidal cells, cell membranes s Ducleus with Bqu~ Inclusion, &Dd
the cytoplasmic inclusions should be Doted. 1206x. He1cL!nbaln's Iron
Hematoxyl1.n ota1n. Phase-contrast.

29.
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Observations of all structures and cellular inclusions with

polarized light indicated no crystalline material was present, so that

the square inclusion may well be a nucleolus while the cytoplasmic

granules may be pigment of organic nature.

As a point of interest, a tridentate and a triphyllous pedicellaria

from Tripneustes gratilla (Linnaeus) are shown in Fig. 11-8. It should

be noted that no poison sacs are in evidence either in the head- or in

the stalk region. The calcareous supporting rod of the stalk is

apparent, and although this structure has not been reproduced in the

figures of the globiferous pedicellariae, it is also present in the

latter case.

Although this microscopical study has been confined mainly to a

description of the gross anatomical structures of the head portion of

the globiferous pedicellariae, it is quite apparent that a great deal

of further work is required to make clear both the anatomical and

morphological relationships which exist between pedicellarial forms

from different species of sea urchins, and within a single species.
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A

B '~

Fie., 11-8 0 . ;'hole-nounts of.' tridentate and trip~llous

pcdicollariae or Tripneuste~ grutilla (Linnueus).
h, tridentate pedicellaria. lOOX.
D, tt'i~)hy11oU£J pec1ieellaria. 15QX.
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CHAPTER III

THE BIOCHEMISTRY OF THE VENOM

Material and Methods

Preparation of crude~ extract. A total of 760 sea urchins were

used in the various aspects of this investigation. All of the animals

were collected in Kaneohe Bay, Oahu, on the flats and slopes of a

series of reefs on the leeward side of Kapapa Island (see Fig. 111-1).

In all cases, the animals lay exposed on the bottom in areas of

abundant coral rubble, some living coral, and little vegetation. They

were found in depths ranging from four feet to fifteen feet.

Collecting was accomplished by surveying the bottom while swimming

out from a boat, diving to the bottom to an area where several animals

were seen, picking them up by hand and placing them into scoop-nets,

and finally, taking them to the boat. They were transfered from the

nets to live-wells in the boat, and upon completion of collecting, were

taken to the laboratory of the Hawaii Marine Laboratory located on

Coconut Island for the removal of the pedicellariae.

Ten collecting trips were made; eight during the period August and

September 1960, one in August 1962, and one in February 1963. During

these three periods; 620, 107, and 33 sea urchins were collected,

respectively. As few as eight and as many as 260 animals were

collected at one time.

At the end of each collecting trip the sea urchins which had been

gathered were processed by a procedure that was applied throughout the

entire study. It was noted at the beginning of work with this sea

urchin that the heads of the pedicellariae could easily be removed
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either by vigorously shaking the animal in a container of sea water or

by spraying the entire body with a strong stream of sea water under

pressure. It became obvious that the first method was impractical

especially when large numbers of animals had to be processed; therefore,

a processing procedure based upon the second method was devised.

Two wooden frames with the dimensions of 60 em. square by 7.6 em.

deep were constructed from 1.9 em. plywood. Each frame was covered on

one side with heavy gauge, 1.7 em. mesh, galvanized wire screening.

These two frames were joined, wire-mesh side out, and fastened together

with hinges on one end, thereby producing a box which could be opened

and closed. A latch was affixed to allow secure closure of the box

(see Fig. 111-2). The inside area of this box made it convenient for

holding from 10 to 15 animals at one time, dependent upon animal size.

A chute was constructed from 1.9 em. plywood, the top dimensions

of which were made to accommodate the above-mentioned box, and the

bottom dimensions made to accommodate a 20.3 em. diameter standard

sieve (see Fig. 111-2). The sieve used in all cases had openings of

0.123 mm. (120 meshes/ in.). In addition, a piece of plastic screening

with openings of 1.95 mm. (13 meshes/ in.) was placed between the chute

and the 120 mesh sieve (see Fig. 111-3). Thus, any material larger

than 1.95 mID. would be retained by the plastic screening, and any

material between 1.95 mID. and 0.123 mm. in largest diameter would be

retained by the 120 mesh sieve.

Batches of 10 to 15 sea urchins were placed side by side in the
,

screened box, the lid closed and latched, and the box placed on top of

the chute. A strong spray of sea water was used to thoroughly wash the

exposed surface of each animal. After completion of this wash, the
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entire screened box was inverted and the other sides of the animals

washed. It was possible by this procedure to remove the majority of

the globiferous pedicellariae heads, these appendages being retained on

the 120 mesh screen in the sieve. Any large particulate matter such as

small stones, coral rubble, sea-weed, etc. which had adhered to the sea

urchin bodies were retained by the plastic screening, while the heads

of the pedicellariae, some tUbe-feet, mucous particles, etc. were

retained by the 120 mesh sieve.

The heads of the pedicellariae and other debris collected in the

sieve were transferred to a large volume of sea water in a suitable

container and allowed to settle by gravity. Settling was allowed to

proceed until detritus and other particulate matter were the only

materials suspended, and these were then removed by decantation. This

washing procedure was repeated five or six times until the rinse water

was free of all suspended water. Finally, the heads of the pedicel

lariae were transferred to as small a volume of filtered sea water as

practicable, the thick suspension placed in a 1 liter, pre-weighed

polyethylene bottle, the excess sea water pipetted off after a period

of settling, and the contents frozen at -200 C. and stored until needed

for subsequent extraction.

The above-outlined procedure for the removal of the pedicellariae

heads was applied to every batch of sea urchins collected. The

resultant suspensions of pedicellariae heads from each processing

session were overlayed on the previously frozen suspension in the

polyethylene bottle until enough material was accumulated for large

scale extraction. Thus, the pedicellariae heads from 620 sea urchins
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were accumulated for the first two, 107 for the third, and 33 for the

last extraction.

The biuret reaction as standardized by Gornall et al (1949) was

used for the accurate determination of the total protein concentration

of solutions of the pedicellariae venom. This method has been found to

be linear over a concentration range of 0.05 mg. to 2.00 mg. The

procedure was applied by mixing a solution of the venom with enough

0.9% NaCl solution to make 1.5 ml., and an equivalent volume of the

biuret reagent added and mixed. The samples were incubated in a

constant temperature water bath (Haake Thermostat) at 38°c. for 15

minutes. .~ter incubation the samples plus a reagent blank were read

in a Bausch and Lomb Spectronic 20 at 540 mp., and the percent trans

mittance for each sample recorded.

A standard curve was prepared by applying the biuret reaction to

known dilutions of a solution of crystalline bovine serum albumin

(Armour and Company) with a pH of 6.5. Four solutions with concentra

tions of 0.51, 1.01, 1.52, and 2.02 mg. of protein were made up in

triplicate, the biuret reaction applied as described above, and the

average percent transmittance plotted against the corresponding con

centration (see Fig. 111-4). The concentration of an unknown sample

was read directly from the curve by' observing the concentration

corresponding to the percent transmittance.

Solutions of pedicellarial extracts made up in a buffer solution

(NaH2P04.~0 - Na2HP04.7H20, 0.2 M, pH = 7.0) were analysed in a

Bausch and Lomb Spectronic 505 spectrophotometer in a wavelength range

of 200 m,. to 650~. Buffer venom solutions and standards were placed
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in a 1 cm. 2 standard silica cell. Wavelength intervals corresponding

to the spectral lines from a Hg source were automatically plotted on

the record.

Carbon treated venom samples (see Chapter III, Partial purifica

tion of crude ~.) were analysed and compared with untreated samples

in a concentration range of 0.01 mg. to 0.62 mg. of protein/ ml.

The frozen mass of pedicellariae heads which had been stored at

-200 C. was removed from its polyethylene container, divided into small

pieces, the pieces placed in a chilled, one-quart Waring Blendor jar,

and approximately four volumes of cold solvent added. Homogenization

was carried out for five minutes, the homogenate transferred to 50 ml.

plastic tubes and centrifuged in a Servall Super-Speed centrifuge for

15 minutes at 10,000 g. After centrifugation, the supernatants were

removed by decantation, combined, and stored at 5°C. The sediment was

then twice resuspended in cold solvent, extracted, and centrifuged as

above. The supernatants from the three extractions were combined and

stored at 5°C. for subsequent purification, and the residue dried and

weighed.

A total of four mass extractions were carried out by this methodj

the first two with the pedicellariae heads from 310 sea urchins each,

and filtered sea water as the solvent, the last two extractions with

the pedicellariae heads from 107 and 33 sea urchins, respectively, and

the solvent used was 0.9% NaCl solution.

Dialysis through a cellulose membrane was applied at various

stages of purification. The purposes were to separate dialysable

solutes from non-dialysable ones, to ascertain to which category the
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active material of the pedicellariae venom belonged, and to discover

whether activity was present in both dialysable and non-dialysable

portions.

Cellulose "Dialyzer Tubing" (Arthur H. Thomas Co.) of 1. 59 cm.

diameter was cut into lengths larger than the sac desired, softened by

thorough wetting in distilled water, one end knotted, and the open end

inserted into and tied with string onto a rubber stopper containing a

25.4 cm. length of glass tubing. The sample to be dialysed was

pipetted into the sac through the glass tube until the sac was approxi

mately three-quarters full, and the filled sac suspended in a large

volume of solvent by means of the glass tubing. The glass tube

projected above the surface of the solvent allowing ample space for any

increase in volume in the sac and assuring little stretching which

might cause a concomitant increase in pore size.

The solvents used were either tap water or distilled water, and

dialysis was carried out at 5°C. or 25°C. for 12 to 18 hours.

To eliminate the need for concentrating very large volumes of

dialysate a method of ultrafiltration as described by Smith (1960, p.

62) was applied to portions of the original extracted samples previous

to dialysis, and the ultrafiltrate tested for activity (see Fig. 111-5).

Cellulose tubing was prepared as for dialysis; however, the open end of

the sac was inserted into a hole in a rubber stopper (the hole was a

fraction smaller than the diameter of the sac) until it projected at

the top of the stopper. A glass tube with a diameter greater than the

diameter of the opening of the stopper was inserted into the projecting

cellulose tubing and through the stopper, thereby holding the membrane

securely in place. The solution to be filtered was placed in the sac'
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through the glass tubing and the entire assembly mounted in a 5.08 cm.

diameter glass cylinder containing a test-tube the diameter of which

was larger than the sac. This test-tube was supported within the

cylinder by wads of Pyrex glass-wool which were inserted around the

periphery of the test-tube between the tube and the inner cylinder wall.

Thus, the cellulose sac hung within the test-tube which served as a

receptacle for the filtrate. The other end of the glass cylinder was

closed with a second rubber stopper which contained a port for the

attachment of a vacuum line (water aspirator). A vacuum was applied

and adjusted to a value (approximately 50 cm. of Hg) which just caused

the cellulose sac to become taught without undue stretching, and

filtration allowed to proceed for about 12 hours at 25°C.

The removal of water from pedicellarial extract solutions was

accomplished in an all glass lyophilization apparatus. An ethyl

alcohol-dry ice mixture provided the low temperature conditions

required, and was also used in a cold trap which was inserted between

the lyophilizer and the vacuum pump. Solutions to be dried were shell

frozen in 300 ml. pear-shaped flasks in an alcohol-dry ice bath, and

upon completion of freeZing, were immediately attached to the dryer and

the vacuum applied. Once the v~cuum had been applied the samples were

never allowed to thaw, and the process continued until all water had

been removed. Ninety milliliters of solution required about 12 hours

for complete drying. After lyophilization was complete the dried

material was scraped from the flask, transferred to pre-weighed, screw

capped bottles, the weight of the material determined, and the samples

stored in a deep-freezer at _20oC. for subsequent analysis.
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Partial purification of crude~. Inorganic salt fractional preci

pitation was applied to aqueous pedicellarial extracts by the addition

of solid ammonium sulfate at 25°C. This method was used on solutions

of the venom made from lyophilized extracts or applied directly to

homogenates of pedicellariae heads. The percent saturation was

increased step-wise by the addition of the salt; the quantity added was

based on calculations of Dixon (1953) which takes into account the

percent salt, specific gravity, and grams per liter at various concen

trations, but ignores second-order volume changes with the assumption

that the addition of 1 g. of salt increases the volume by the same

amount regardless of the concentration of the solution.

Saturations were 20, 40, 60, 80, and 100%. Upon each addition of

ammonium sulfate and after time had elapsed for equilibration to occur,

the solution was centrifuged at 10,000 g. for 15 minutes and any

precipitate saved. Precipitates corresponding to the above-mentioned

saturations were dissolved in 0.9% NaCl solution, the resultant

solutions and the supernatant (un-precipitated material at 100% satura

tion) dialysed against distilled water for 12 hours, the dialysed

samples removed from the cellulose sacs, and lyophilized, weighed,

redissolved in 0.9% NaCl solution, and assayed for activity.

A method of purification by absorption onto carbon was investigated.

Preliminary studies delt with pedicellariae extracts which had been

lyophilized immediately after extraction and dialysis.

A stock solution of the lyophilized material with a concentration

of 5 mg./ml. was made up in 0.9% NaCl solution, analysed for protein

content by the biuret reaction, and assayed in mice for activity.

Darco G-60 carbon (Atlas Powder Co.) was added to 2 mI. of the stock



solution to a concentration of 20 mg./ml. and intermittently stirred

o
for five minutes at 25 C. The suspension was centrifuged at 10,000 g.

for five minutes, the supernatant removed, analysed for protein

content, and assayed for activity.

Subse~uently, this method was applied to other extracts at various

stages of purification with the addition of Darco G-60 on a weight to

weight basis (10 mg./ mg. protein, w/w), volume being important only

for the calculation of total protein present in the sample. Carbon

removal, protein analysis, and assay for activity were carried out as

above.

Separation of partially purified venom. In an attempt at further

removal of contaminants and to determine whether the venom was composed

of one or more biologically active components, several electrophoretic

methods were applied to the partially purified venom.

Pedicellarial extracts were subjected to electrophoresis on

polyacrylamide gel by a procedure of Ornstein (1962) and Davis (1962)

which had been devised for the separation of mammalian serum proteins.

This method, termed "disc electrophoresis", consists of photopolymeri-

zation of polyacrylamide solutions to form gel columns in small diameter

glass tubes (0.635 em. ID x 7.62 em.). These columns were composed of

three layers: (1) a large-pore gel (3% acrylamide, pH = 6.7) containing

the venom sample; (2) a large-pore gel (3% acrylamide, pH = 6.7) which

acts as a "spacer"; (3) a small-pore gel (7.5% acrylamide, pH = 8.9) in

which actual separation occurs. Electrophoretic concentration of the

sample components begins in the top, large-pore gel and is completed in

the large-pore, "spacer" gel, while the actual separation takes place
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in the lower, small-pore gel. The top two gels act as antj.convection

media only, while the small-pore gel serves both as a molecular sieve

and as an anti convection medium.

Electrophoresis was carried out in a vertical position; the glass

tubes containing the gels were attached to an upper buffer reservoir

and the lower ends submerged in a lower reservoir. The buffer used was

2-amino-2-(hyroxymethyl-l,3-propanediol (TRIS) - glycine, pH = 8.3. A

constant current (2 to 5 MA./gel from a regulated power supply, Spinco

Duostat) was applied across the gels by means of carbon electrodes

placed in the upper and lower reservoirs, and the polarity adjusted so

migration proceeded toward the small-pore gel. Separation was assumed

complete when a bromphenol blue tracer band had reached the lower end

of the small-pore gel. Upon completion of the electrophoresis the gels

were removed from their containers, placed in a fixative-protein stain

solution (1% Amido Black lOB in 7.5% CH3.COOH), the excess dye removed

by electrophoretic destaining, and the gels stored in a preservative

solution (7.5% CH3.COOH).

Initial work was carried out in an apparatus designed by Ornstein

(1962) and Davis (1962) (see Fig. 111-6), and all solutions made to

their specifications.

Besides good electrophoretic separation, a preparative method

requires that the components of such a separation be easily visualized

on the supporting medium so that portions of the medium containing the

separated material can be rapidly removed before the patterns are

distorted by diffusion. Because diffusion does occur in unstained

gels during the time required for their removal from the glass tubes

and during the preparation of a reference gel (by staining and



Fig. III-6. Electrophoretic apparatus used with polyacrylamide
gel (after Ornstein (1962) and Davis (1962).

Fig. 1II-7. Redesigned electrophoretic apparatus used with
polyacrylamide gel.
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destaining an apparatus of a different configuration was devised which

permitted the rapid removal of the gel columns.

This apparatus consisted of two pieces of plexiglass (15.2 em. x

0.635 em. x 7.6 em.) which were securely bolted together. Seven evenly

spaced holes, 0.635 em. in diameter, were drilled through the joined

plexiglass strips (along the 7.6 em. axis) forming seven cylinder-shaped

molds. The polyacrylamide solutions were polymerized in these molds

and an upper buffer reservoir attached, while the bottom of the assembly

was submerged in a lower reservoir. Electrophoresis was carried on as

previously described (see Fig. 111-7). Removal of the gels was rapidly

brought about by separating the two plexiglass halves.

Venom samples for all analyses by these two procedures were

prepared so that the total quantity of protein did not exceed 200 ~g./

gel. Runs w~re made for approximately 25 minutes at 5°C. or 25°C.

Electrophoretic runs were made with eight gels, four of which

contained venom samples, the other none. At the end of the run all

gels were removed from their containers and one venom-containing gel

routinely processed for visualization of the pattern. Upon confirmation

of separation, venom and non-venom containing gels were separately

homogenized in phosphate buffer (NaH2P04.H20 - Na~04.7H20, /2 =

0.1, pH = 7.0), any particulate matter removed by filtration, and the

two solutions injected intravenously into mice for the determination of

activity. Finally, the non-venom containing solution was injected at

a level 10 times higher than would be required to kill mice from a venom

containing sample in order to determine the toxicity of the gel

ingredients per se.



Several methods were investigated for the immediate visualization

of the electrophoretic patterns in the gels to be used immediately

after their removal from the mold. They consisted of the following:

(1) viewing the gel under ultraviolet light, (2) viewing the gel with

polarized light, (3) viewing the gel backed by a Ronchi grating, (4)

incorporating soluble fluorescein dye into the small-pore gel, and (~)

incorporating Amido Black lOB' into the gel.

Experiments were performed by paper electrophoresis. The

apparatus consisted of two plexiglass buffer reservoirs with covers

(13.75 cm. 2 x 3.75 cm. deep) each with associated platinum wire

electrodes and female connectors for attachment to the power source.

A siliconized glass plate (30 cm. x 8.75 cm. x 0.6 cm.) was placed

spanning the reservoirs in such a fashion that the ends extended 1.25

cm. into the reservoirs. Strips of filter paper (Whatman No.1) were

moistened with buffer solution, gently blotted between filter papers,

and placed on the glass plate support. The strips were cut longer than

the glass plate, and when in place on the support, protruded at each

end into the reservoirs by about 1.25 cm.

Venom samples were dissolved in the buffer solution for the parti

cular run at a concentration of 1 mg.!ml. and quantities of this

solution were spotted with a microsyringe (0.1 ml. capacity) along a

central pencil mark which was drawn perpendicular to the long axis of

the paper. Enough solution was applied at each spot to give a total

concentration of 50 ug. After completion of spotting, a second

siliconized glass plate, with the same dimensions as described above,

was applied to the top of the paper, and the two plates firmly clamped
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together. Silicone grease was applied along the sides of the glass

plates to afford a seal which prevented evaporation of the buffer

solution during electrophoresis.

The reservoirs were filled with equal volumes of buffer solution,

the electrodes attached to a source of power (Spinco Duostat), and the

run initiated. All experiments were performed at 5°C.

The buffer solutions used with the conditions of pH, ionic

strength, applied constant voltage or current, and running times are

outlined in Table 111-1.

Upon completion of electrophoresis the paper strips were removed

from the apparatus, air dried at 25°C., and stained for 30 minutes with

Amido Black lOB in 7.5% CH
3

.COOH. Destaining was accomplished in

several washes of the same solvent and the strips were air dried.

Densometric traces of the patterns were made on a Spinco Analytrol,

~~lM.

A method of starch gel electrophoresis as outlined by Smithies

(1955, 1959) was employed as a possible preparative technique for

obtaining workable quantities of the venom components. A plexiglass

tray (30 cm. x 8 em. x 12 cm. ID) with a removable false bottom was

constructed. Spacer strips of 0.3 cm. plexlglass, w~th the same

dimensions of length and width as the tray, were also made.

Hydrolyzed starch (Connaught Laboratories) was used for the prepa

ration of the gels. The gels used in this series of experiments had a

concentration of 12.4% or 15.0%, and were prepared in either phosphate

buffer (NaH2P04.H20 - Na~04.7H20, pH = 8.0), or TRIS buffer ~tris

(hydroXYmethyl)-aminomethane - citric acid, pH = 8.65_7. The latter

buffer was used in conjunction with a borate buffer (H
3

B03- NaOH, pH =
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Table III-l. Electrophoretic conditions used for the separation of
pedicellariae venom on filter paper.

Buffer /2 pH Power/em. Run Length (Hours)

1. Barbitone 0.05 8.6 E = k = 30 v. 8.50

2. Barbitone 0.05 8.6 E = k = 30 V. 2.75

3. Barbitone 0.05 8.6 E = k = 35 V. 8.00

4. Barbitone 0.05 8.4 I = k = 3 MA. 13.50

5. Phosphate 0.02 6.6 I = k = 3 MIL 23.00

6. Acetate 0.40 5·1 I = k = 3 MA. 12.00
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8.65) as a bridge, and together comprised a "discontinuous buffer

system" as described by Poulik (1957) for the separation of

Corynebacterium diphteriae toxin.

The gels were prepared by heating a starch - buffer suspension in a

flask over a flame until the mixture passed through a stage of high

viscosity to one of low viscosity. This liquid was degassed under

vacuum and immediately poured into the plexiglass tray. Two hours after

pouring, the gel had formed and was ready for the electrophoretic run.

A spacer strip was inserted between the tray bottom and the gel bottom

resulting in the gel standing proud of the top tray edge. This portion

was removed by drawing a tightly stretched, small gauge wire across the

tray top resulting in a smooth gel surface.

Pedicellarial solutions were applied to filter paper strips

(Whatman No.1) which were inserted into a slit cut in the center of the

gel (perpendicular to the long axis). Finally, a sheet of Saran Wrap

was carefully layed over the entire gel surface to exclude air bubbles

and prevent buffer evaporation during the run.

The buffer vessels, with associated platinum electrodes, were

connected to either end of the gel by means of filter paper wicks which

dipped into the buffer solution on the one side and came in contact

with the gel on the other. In the case of the "discontinuous buffer

system", two additional reservoirs were required. In the latter case,

the gel buffer and bridge buffer reservoirs were interconnected by

filter paper wicks, and the gel buffer connected to the gel as above.

All reservoirs were filled with equal volumes of buffer and covered with

plastic lids to prevent evaporation. All runs were made at 5°C.
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The buffer solutions used along with the conditions of pH, ionic

strength or molarity, applied constant voltage, and length of run are

outlined in Table 1II-2.

Upon completion of the run the tray was removed from the cold room,

spacer strips inserted as previously described, and a 0.32 cm. thick gel

sheet removed. These sheets were stained in a 1% solution of Amido

Black lOB in CH30H - CH3 .COOH - water (50:50:1, v/v) for 30 minutes, and

destained in several washes of the solvent.

A preliminary study was made prior to the application of cellulose

ion-exchange chromatography to the separation of the venom. A solution

of a lyophilized pedicellarial extract was made up in distilled water to

a concentration of 1 mg./ml., and the level of toxicity determined by

mouse bioassay. One gram of activated diethylaminoethyl cellulose

(DEAE) was added to 50 ml. of the toxic solution and intermittantly

stirred for 30 minutes at 25°C. The mixture was then centrifuged at

10,000 g., the supernatant removed by decantation, and the cellulose

residue saved.

The supernatant was bioassayed for activity. The DEAE-cellulose

residue was treated with 0.4 M phosphate buffer (NaH2P04.H20 

Na~04.7~0, pH = 7.0) in 1 N NaCl solution, intermittantly stirred

for 30 minutes at 25°C., and centrifuged at 10,000 g. The supernatant

was bioassayed for activity.

Stability and other characteristics of the~. Throughout this

investigation several physical and chemical characteristics of the

pedicellariae venom were studied. Stability studies concerning the

effects of increased temperature, changes of pH, solubilities in various
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Table 111-2. Electrophoretic conditions used for the separation of
pedicellariae venom on starch gel.

Phosphate Buffer:

B pH "tT .... ',J.."',..,.'=" I nm Rlln Length (Hours)VU..L.vue_'_ ...... •

0.076 8.0 E = k = 6 v. 4.0

0.076 8.0 E = k = 6 v. 8.0

0.090 8.0 E = k = 6 v. 4.0

0.090 8.0 E=k=6v. 8.0

0.100 8.0 E = k = 6 v. 4.0

0.100 8.0 E = k = 6 v. 8.0

Discontinuous Buffer System: (1) Gel buffer; (2) bridge buffer.*

Buffer M pH Voltage/em. Run Length (Hours)

(1) 0.076 8.65 E = k = 6 Vo 300

(2) 0.300 8.65 E = k = 6 v. 3.0

(1) 0.005 8.65 E = k = 6 V. 6.0

(2) 0.050 8.65 E = k = 6 V. 6.0

* Both gel and bridge buffers were used at one time in the case of the
discontinuous buffer system.
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solvents, and observations as to the optimal conditions of storage were

undertaken to ascertain the most favorable requirements for safe handling

of the material with the minimum loss of activity.

The stability to changes of temperature was investigated using two

samples of the venom: (1) a solution of the venom obtained immediately

after extraction and prior to dialysis and lyophilization. This solution

contained the active material after sea water extraction, but its

concentration was unknown because these data were lost in the Hawaii

Marine Laboratory fire of December 1960; (2) a solution of the venom

made from lyophilized powder which was obtained after sea water extrac

tion and dialysis against tap water. A 0.9% NaCl solution to a concen

tration of 0.6 mg./ml. was made.

The first solution ,vas divided into thirteen- 0.5 ml. portions,

each placed into a test-tube, and 12 placed in an oven at 60oc. The

unheated tube was placed in an ice water bath and served as the

control. One tube was removed from the oven at five minute intervals

and immediately cooled in the ice water bath, and at the end of an hour

all samples were assayed in mice by intraperitoneal injection for

activity.

Twenty-six- 2 mI. portions of the second solution were placed in

screw-capped vials and were subjected to various constant temperatures

for differing intervals of time. Samples of the original solution were

bioassayed at 250 C. in mice by the intravenous route as controls, and

samples after being subjected to the various temperatures were similarly

assayed for activity at levels which where shown to give a toxic

reaction in the control. In those cases were inactivation was apparent

the dose injected was doubled to assure that inactivation was indeed
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complete. The experimental temperatures with the corresponding time

intervals are summarized i~ Table 111-3 for both venom solutions.

The stability of the venom as a function of pH was studied by the

addition of buffered solutions of various pH values. These solutions

were prepared by titrating 0.2 M solutions of N~P04.H20 and

Na2HP04.7H20 together using a pH-meter (Beckman Zeromatic) resulting in

solutions with pH values of 4.3, 5.0, 6.0, 7.0, 8.0, 9.0, and 10.6.

A solution of the venom was made from lyophilized powder in 0.9%

NaCl solution to a concentration of 10 mg./ml. This solution was

divided into eight- 2 ml. portions; seven of which were diluted with

equal volumes of buffer solution at the above-mentioned pH values, and

the eighth diluted with an equal volume of 0.9% NaCl solution. After

gentle mixing the pH was determined for all samples, the samples

incubated at 8°c. for 24 hours, and at the end of the test period, were

analyzed for pH and biological activity by intravenous mouse assay.

Results and Discussion

Preparation of crude~ extract. The heads of the globiferous

pedicellariae contain biologically active material which can be removed

by the extraction procedure outlined in this investigation.

The extraction by homogenization of the pedicellariae heads with

aqueous solvents succeeds in solubilizing material possessing high

activity. This active material is non-dialysable, and all dialysable

material is non-active. Quantitative data pertinent to three of the

four mass extractions are presented in Table 111-4, and a more compre

hensive treatment of an extraction of the pedicellariae heads from 107

sea urchins with 0.9% NaCl solution is presented in Fig. 111-8.
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Table 1II-3. The experimental temperatures and the corresponding periods
of exposure used in the determination of the stability of
pedicellariae venom.

Temperature (OC.) Exposure Time (Minutes)

0 5 10 15 20 25 30 35 40 45 50 55 60

Sample (1):

60.0 + + + + + + + + + + + + +

Sample (2):

40.0 + + + + + + + + + +

42.5 + + + +

45.0 + + + +

47.5 + + + +

50.0 + + + + +

60.0 + + + + +

Sample (1) = sea water extract of venom; Sample (2) = 0.9% NaCl solution
of the lyophilized venom; + = activity determined at time intervals so
designated.



Table 111-4. Comparison of the effectiveness of two aqueous solvents as extractants for pedicellariae
venom.

The wet weights of pedicellariae heads from three batches of sea urchins are given with the corresponding
dry weights of material extracted and the residue. Percentages are calculated based on the wet weight of
starting material for the extracted material, the residue, and the water content.

Extraction Solvent: Filtered Sea Water ~ NaCl Solution

Number of Sea Urchins:
--- 310 310 107

Pedicellariae Heads (w.-wt.): 69.82 g. 66.85 g. 23.42 g.

Extracted Material (d.-wt.) : 3.64 g. (5.21%) 3.05 g. (4.56%) 1.04 g. (4.41%)

Residue (d. -wt.) : 16.17 g. (23.15%) 14.93 g. (22.33%) 5.71 g. (24.80%)

Water Content (calc.) : 50.01 g. (71.62~6) 48.87 g. (73.10%) 16.67 g. (71.17%)

\J1
0'\.
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Based on the data presented in Table 111-4 no appreciable

difference seems to exist as to the relative merits of the use of

filtered sea water over that of 0.9% NaCl solution as the extractant.

The efficiency of extraction with either solvent was not calculated

because exhaustive extraction of the residue until no further material

could be removed was not carried out. The figures pertaining to the

weight of the material extracted are probably low because they are based

on post-dialysis material and do not reflect the material lost through

dialysis. It would seem advisable, however, to carry out the extraction

procedure with 0.9% NaCl solution because the time required for complete

removal of salts by dialysis could probably be shortened. Worthy of

mention is the fact that pedicellariae heads lose their pigment in

contact with 0.9% NaCl solution (15 to 30 minutes) which is not apparent

with filtered sea water (5 to 15 hours). Therefore, filtered sea water

should be used exclusively for all pre-extraction procedures, and 0.9%

NaCl solution used only prior to extraction or prior to freezing of the

pedicellariae heads provided that the NaCl solutions be included as

part of the solvent for the extraction.

Triple extraction seems to adequately remove the majority of

extractable material (see Fig. 111-8).

Dialysis through a cellulose membrane efficiently removes all

salts and other dialysable substances, and from the standpoint of

activity, no loss is apparent when dialysis is carried out either at

5°C. or at 25°C. Because the escape-time of dialysable molecules in the

process of dialysis is temperature dependent it would seem appropriate

to carryon this step at the higher temperature in order to hasten the

process.
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Lyophilization has no deliterious effect, detectible by methods

used in this investigation, on the activity of the extracted material;

however, the solubility of the lyophilized material is decreased. The

insoluble material probably represents proteinic substances which are

very often denatured in this process.

The biological activity of material obtained at this stage of

purity is presented in Fig. 111-9, and has an approximate MLD (minimum

lethal dose) of 10 mg./kg. based upon the intraperitoneal injection

into mice in the weight range of 18-22 g. The dose-response curve shows

the relationship of the quantity of material administered to the time of

death.

Partial purification of crude~. A separation of the crude pedi

cellariae venom was achieved with the application of ammonium sulfate

fractional precipitation. Quantitative date in Table 111-5 present the

results of a fractionation of 0.5 g. of the lyophilized, crude venom.

The total recovery after fractionation, dialysis, and lyophilization of

each fraction and the supernatant (unprecipitated material at 100%

saturation) was 68.70% of the original sample. The biological activity

of all fractions and the supernatant, expressed in terms of the average

death time in mice along with the corresponding reciprocal values, is

presented in Table 1II-6. The relationship of activity, expressed as

the logarithm of the reciprocal of the average death time in mice, to

each fraction at a specific percent saturation along with the superna

tant is schematically represented in Fig. III-10.

The fractions obtained at saturations of 40% and 60% represent

31.70% of the original sample (0.5 g.), 46.18% of the total material
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Table 111-5. Ammonium sulfate fractional precipitation of a 0.5 g. sample of pedicellariae venom.

The material recovered at various saturations is shown by weight and as percentages of the original
sample. Supernatant = un-precipitated material at 100% saturation, S.

Saturation Material Recovered Proportion of Original
Intervals Weight (g.) Accumulative Weight (g.) Percent Accumulative Percent

20% 0.1220 0.1220 24.40 24.40

40% 0.1281 0.2501 25.80 50.20

60% 0.0305 0.2806 5.90 56.10

8CfJ/J 0.0233 0.3039 4.68 60.78

100% 0.0345 0.3384 6.82 67.60

S 0.0051 0.3435 1.10 68.70

0\
I-'



Table III-6. The activity of ammonium sulfate fractions of
pedicellariae venom expressed in terms of the average
time to death in mice.

Saturation Activity (Average Time to Death)
Intervals Minutes l!Minutes

0 2.9 0.3440

20% 780.0 0.0013

40% 2.0 0·5000

60% 8.0 0.1250

80% 180.0 0.0055

10010 420.0 0.0024

S

Supernatant = un-precipitated material at 100% saturation, Sj 0 =
control or 0 saturation.

62.
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recovered (0.3435 g.), and possess the highest levels of activity.

Because these high activity levels were localized within this saturation

range it seemed reasonable to include ammonium sulfate fractional pre

cipitation as a valuable step in the purification of the venom. It

should be noted that by making a fractionation-cut at the 60% level some

active material was lost; however, the activity was low and 53.82% of

the material (20, 80, and 100% saturation fractions) was eliminated.

It seems a valid assumption that by the elimination of approxi

mately 50% of the low activity material, some purification was achieved.

However, an estimate of the increase in activity achieved due to this

purification step could not be fully evaluated since all fractions were

administered at a dose level of 100 mg.!kg. Because no decrease in

activity, as judged by an increase in the time to death, is apparent in

the dose-response curve (see Fig. 111-9) until a dose level of 60 mg.!

kg. or less is reached, an estimate of the gain in activity per unit

weight cannot be given.

The crude extract and the material obtained after fractional

precipitation is purple-red which is less intense in the latter case.

However, an absorption spectrum of an aqueous solution of the crude

extract (sodium phosphate buffer, 0.2 M, pH = 7.0) revealed no absorp

tion peaks in the visible region, while two peaks were apparent in the

ultraviolet region. A very strong absorbing peak is seen at 278 mu.,

and a weaker one at 323.6 mu. (see Fig. 111-11). If a crude extract of

the venom is treated, by the addition of carbon with subsequent centri

fugation, the resultant supernatant is visibly decolorized. An ultra

violet absorption spectrum of this solution reveals an intensification
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of the strong peak with a slight shift towards 280 mp.~ while the peak

at 323.6 mp. is virtually eliminated (see Fig. 111-11).

Biuret analysis of the two solutions (pre- and post-carbon

treated) indicate that approximately 11.5% of the material was removed

by absorption onto the carbon. .\0 estimate of activity by intravenous

injection into mice revealed that the pre-treated sample had an MLD of

75 pg./kg. (average time to death = 45 sec.), while the carbon treated

sample had an MLD of 65 pg./kg. (average time to death D 30 sec.), or

an increase of 13.0% in activity.

The reason for the absence of absorption peaks in the visible

region of the spectrum is not clear since colored substance is present

in the pre-carbon treated sample. If a relationship exists between

visible color and the peak at 323.6 mp., and this seems unlikely,

clarification must avrnit further investigation.

The strong peak near 280 mp. is indicative of the presence of

protein in the sample and depends on the presence of tyrosine residues.

This evidence along with the fact that the active material is non

dialysable, that it can be precipitated out of solution with ammonium

sulfate, and is biuret positive suggests it to be either a protein or

in conjunction with proteins. Additional evidence to support this

assumption will be presented later.

Biuret analysis of the crude, lyophilized extract, the ammonium

sulfate precipitated material, and the carbon treated material reveals

an increase in the percentage of total protein (biuret positive) to

non-protein (biuret negative) of 33%, 64%, and 69%, respectively.

These values reflect a concentration of the protein fraction and a



concomitant purification; however, a question arises as to the nature of

the non-protein (biuret negative) material.

An analysis of Echinus esculentus by Meyer as revealed in a work by

Vinogradov (1953) shows that the total extractible material contains

51.7% protein, 44.0% carbohydrate, and 4.3% fat. The biuret negative,

non-dialysable material could contain non-dialysable carbohydrates such

as large molecular weight polysaccharides, and lipids. If the toxic

protein is conjugated with large molecular weight polysaccharides this

could account for the low protein value, for the large proportion of

biuret negative material, and for the fact that almost all of the

material was precipitated out of solution with ammonium sulfate. The

low protein content value of 33% for the initial preparation of the

crude venom extract may also reflect incomplete extraction of all the

proteins and low biuret values.

The various procedures discussed for the extraction and partial

purification of the venom from the head portion of globiferous pedi

cellariae were applied to the extraction of the pedicellariae heads

from 33 sea urchins, and the complete scheme is presented in Fig. 111

12. An estimate of the efficiency of the overall procedure was limited

to initial and final measurements of total protein content (by biuret

analysis) and an estimate of activity (by intravenous mouse injection).

Initial protein content was 40.3% with an increase to 74.1% in the

final, purified material. Activity based upon these values for protein

content increased from an approximate MLD of 100 pg./kg. to 20 pg./kg.,

the highest activity level achieved to date for toxicity in the mouse.



68.

QLOBII'DOV8 lliDICIIJ.lRIAI

IIlJI

II'l'RACfIJ 8t
JIOIID(JIIlU1'IOJ (0._ • .cl, ....1., , Ida.)

I
CElmUru<lA1'10B (10,000 ,.)

_IHE
I '

Aa abo".

RIIfDVI
U8IDUI (Diaou4)

I
PRlCIPI1'A'fE (Di8carel)

i
,IPI1'An

Dilat. 1a 0.9" IaCl
I

Decolorla1D, Charcoal
I

CERTRlruGA~IOI (10,000 g.)

1---------1
CHARCOAL RESIDUE (D1aoarcl) SUPERDfAft n

I
D1a1Je.~, 418'111" at",

I
L1'OPJIILlZl'fI01I

FiS' 111-12. fta. utl'aotloa ud putt.A1 pvlftcaUoa .r I1Obiruou
pe41oellar1a. "... of fib,.t. mtlJJ.l (Liuuu).



Separation of partially purified~. Electrophoretic separation of

the partially purified venom was achieved in acrylamide gel. Seven to

nine bands were normally obtained in typical runs, and surprising

reproducibility was observed in all eight gels. A typical separation

is presented in Fig. 111-12 along with a densometric trace of the gel.

It has been impossible to physically separate the gel into portions

each containing distinct bands. Therefore, no assignment of activity to

one or more of these bands has been achieved at this time. Activity of

the venom in no way altered due to the electrophoretic procedure as

judged by no decrease in activity between originally applied samples and

samples removed from the gels by homogenization in phosphate buffer.

These homogenized gels contained venom which had been electrophoreti

cally separated as evidenced by the staining and destaining of a

reference gel. Phosphate homogenates of gels containing no venom

sample, which were run simultaneous with venom containing gels,

exhibited no inherent toxicity even at injection levels 10 times higher

than those required to kill mice in venom containing gels.

Visualization of the separation pattern in gels with methods other

than staining and destaining was unsuccessful. No preceptible patterns

could be discerned when viewing the gels with polariz~d or ultraviolet

light. Incorporation of soluble fluorescein dye caused the entire gel

to fluoresce, but no patterns were deliniated. Also, in this latter

case the presence of the dye retarded the movement of the venom

com~onents and required an increase in duration of the run by three to

four times. Similarly, the incorporation of Amido Black lOB into the

gel matrix increased the running time required for separation, and the
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dye migrated ahead of the venom components and passed out of the gel

into the buffer solution in the lower reservoir.

The most promising method to date for the visualization of the

electrophoretic pattern, without the need for staining and destaining,

was based on the use of a Ronchi grating. This method is described by

Svensson (1960) and consists of placing a grid (Ronchi grating) of fine

black lines, inclined at a 450 angle toward the axis of the gel column,

behind the same. If the grating is viewed through the column, and if

the refractive index gradients are strong enough, a conspicuous

distortion of the lines will occur. The conspicuous bands which are

deeply stained at either end of the electrophoretic pattern (see Fig.

111-13), in unstained gelsh do show up faintly by the use of this
f

method; however, the weaker bands are not perceptible. Apparently the

refractive index gradients at the position of these weak bands are not

strong enough to cause distortion of the grid for visualization.

If in an attempt to increase the refractive index gradients by

increasing the concentration per separated band a higher concentration

of a sample (more than 200 pg.) is used. The entire gel is obscured

by overlapping of bands and indistinct separation occurs.

Although visualization of all the bands by this method was not

achieved, prospects for its successful use are promising and should be

investigated further.

Little can be said as to the nature of the components observed by

this separation. However, in the application of this method to the

separation of serum proteins by Ornstein (1962) it was shown that

lipoproteins, certain globulins and macroglobulins, and fibrinogen

exhibited extreme frictional resistance to their migration in the gel
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and therefore were expected to migrate only a limited distance in the

gel. The albumins, on the other hand, show little frictional resistance

and were expected to migrate rapidly and for a considerable distance.

If these general rules are in any way applicable to the behaviour of

the components in the pedicellariae venom, then lipoproteins and

globulins would be expected at the front of the gel (top) and the

albumins toward the end.

Paper electrophoresis, under the conditions applied in this inves

tigation, was an unsuccessful method for the separation of the venom

components. Although no separation was achieved, some migration was

apparent (see Fig. 111-14) and provided information that the venom as a

whole migrates toward the cathode. Therefore, it would seem that the

un-separated venom has a positive charge. Because some migration towards

the cathode did occur, it is conceivable that extensive experimentation

with paper electrophoresis would produce good separation of the venom

constituents into their respective protein classes. Since the distance

of migration of anions or cations in an applied electric field is

proportional to their electrophoretic mobilities, and because this

mobility factor is strongly influenced by the ionic environment under

which the electrophoresis is conducted, it would seem profitable as a

point of departure to investigate the effects of variations of ionic

strength of the buffer used.

No separation or migration of the pedicellariae venom was achieved

by the application of starch gel electrophoresis under the conditions

investigated in this study. The only portion of the gel which showed

the presence of venom, by staining and destaining, was at the origin

point or point of application of the sample. Because excellent
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separation has been achieved by Smithies (1955, 1957) for serum proteins,

by Poulik (1957) for the separation of Corynebacterium diphtheriae toxin,

by Saunders and Tokes (1961) for the separation of a lethal fraction of

the venom from the stonefish Synanceja horrida (Linnaeus), and by many

others, it is not clear why no separation or even migration was achieved

here.

The partially purified venom cannot be removed from activated

diethylamino ethyl cellulose. Elution with 0.4 M phosphate buffer in 1

N NaCl solution failed to remove material with biological activity.

Either the venom was deactivated in the presence of this material or it

was irrevel'sibly bound. In view of these results DEAE-cellulose cannot

be used for separation of the venom into its constituents. It would

seem logical, however, to investigate the use of other cellulose

derivatives such as CM-cellulose (carboxymethyl cellulose), ECTEOLA

cellulose (epichlorohydrin-triethanolamine cellulose), etc., because

very excellent protein separations have been achieved.

Stability and other characteristics of the~. Globiferous pedicel

lariae venom in solution is deactivated by increasing the temperature

to a range of 45. oC. to 47.5°C. Loss of activity is manifested within

15 minutes at 45.0oC. and within five minutes at the higher temperature.

The results of temperature exposure for various periods of time are

summarized in Table 111-7. Activity loss seems to be complete and not

partial as revealed by the lack of toxicity to mice at twice the lethal

dose (apparent lethal dose calculated from control samples of the venom).

This sharp break could indicate that the lethal material is a single

component rather than a mixture of components all contributing to the
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Table 111-7. The effect of temperature exposure on pedicellariae venom
for various periods of time.

Temperature (OC.) Exposure Time (Minutes)

0 5 10 15 20 25 30 35 40 45 50 55 60

Sample (1):

60.0 + + +

Sample (2):

40.0 + + + + + + + x + x + x +

42.5 + + + +

45.0 + + +

47.5 +

50.0 +

60.0 +

Sample (1) = sea water extract of venom; Sample (2) = 0.9% NaCl solution
of the lyophilized venom: + = presence of activity; - = no activity;
x = activity not determined at this time.



76.

ultimate toxic effect. The more active components that would be present

the greater would seem the likelihood that loss of activity would be

gradual rather than sudden, provided that these components were proteins,

and that one would expect individual toxic proteins to have differing

temperature stabilities. This differential in temperature stabilities

would then be exhibited by a differential rather than a sharp decrease

in toxicity. Speculation along these lines is made only to emphasize

the phenomenon of sudden deactivation, and the real reason must await

study of the purified venom as a single entity or as a combination of

several active components all of which contribute to the toxicity.

Within the pH range of 4.3 to 10.6 no loss of activity is apparent.

Table 111-8 presents data pertinent to the stability of the venom as a

function of pH.

Although no specific experiments were designed and carried out for

the investigation of the solubilities or the best methods of storage of

the venom extracts, certain points concerning these factors have

clarified themselves during the course of this investigation.

Because the active material is easily solubilized by an extraction

procedure involving the use of aqueous solvents, no cognizants was given

to the solubilities or effects of various organic solvents on the venom.

Activity of the venom does not seem to be altered where lyophilized

samples of the venom are made up in distilled water or in salt solutions.

ActiVity is unaltered up to a week's storage in these solvents as long

as they are maintained at about 5°C. If alcohol, acetone, strong

mineral acid, or strong base are added to solutions of the venom a

flocculent precipitate forms.
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Table 111-8. The activity of pedicellariae venom as a function of pH.

Initial and final pH values of the venom samples are given. Changes of
final pH values are presented after a 24 hour incubation period at 8°c.

Initial pH. Final pH pH Change Activity

4.3 4.2 0.1 +

5.0 5.1 0.1 +

6.0 6.0 0.0 +

7.0 6.9 0.1 +

8.0 7.9 0.1 +

9·0 9.1 0.1 +

10.6 10.2 0.4 +

+ = activity present.
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Storage of lyophilized treated samples at -200 C. have retained

their activity almost unaltered for over two years.

Based on the results presented here, the venom from the head

portion of globiferous pedicellariae is a single or multi-component

poison which can be extracted and partially purified by the methods

outlined above. Its protein nature is suggested by the following facts:

(1) it is non-dialysable, (2) it is heat labile, (3) it is biuret

positive, (4) it exhibits strong ultraviolet absorption very near 280

mp., and (5) it contains no dialysable, active components (see Chapter

TV, Studies ~ in vivo and in vitro animal preparations.). Further,

the results presented herein differ in certain respects with data or

observations presented in the literature concerning homogenates of the

pedicellariae of other sea urchins.
II

The observations of von Uexkull (1899) concerning the coagulation

and inactivation of the venom of Sphaerechinuc granularis by contact

with sea water is obviously not applicable in the case of Tripneustes

gratilla pedicellarial venom, nor is his observation supported by the

works of Henri and Kayalof (1906) or PeTes (1950) who were able to

prepare active, aqueous extracts of the pedicellariae from the same sea

urchin, or by the works of Levy (1925), Fujiwari (1935), and Mendes

et al (1963) all of whom were able to extract an active material with

aqueous solvents.

The results of this investigation pertinent to activity as a

function of temperature is in disagreement with the works of Henri and

Kayalof (1906) and Peres (1950) because they all report thermal

stability at 1000C. over periods of 15 minutes and 30 minutes respec-

tively. This apparent difference might be explained on the basis that
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they allowed their samples to cool gradually with a concomitant

re-activation of the toxic substance, while in this present study the

samples were immediately cooled (near OOC.) with no re-activation

possible. This possibility has not been studied as pertaining to

Tripneustes gratilla venom. Mendes et al (1963) found an active,

dialysable fraction from the globiferous pedicellariae of Lytechinus

variegatus which could be inactivated by heating in the presence of NaOH

and subsequent neutralization with HC1. Presumably, the complete

homogenate (before dialysis) would loose some activity if treated as

the dialysable fraction, but they did not report the fate of the

dialysable material from this or any other standpoint. Furthermore,

evidence will be presented in the chapter dealing with the pharmaco

dynamics of Tripneustes gratilla venom, that their findings pertinent

to an active, dialysable substance is not applicable to this present

study.

These apparent discrepencies point up the fact that the comparison

of biologically active substances derived from different species (even

though taxinomically closely related) must be approached with great

caution. Undoubtedly, there exist numerous chemical compounds which,

although displaying similar biological activity, are different

structurally and therefore behave differently to various physical and

chemical parameters such as pH, temperature, solubilities, etc.
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CHAPTER TV

THE PRELIMINARY PHARMACODYNAMICS OF THE PEDICELLARIAE VENOM

This chapter deals with certain F:oeliminary phases of the pharmaco-

logy of the partially purified venom from the head portion of the

globiferous pedicellariae. Investigations concerning the effects of the

toxic substance on whole animals and certain isolated systems have been

conducted in the laboratory of the Hawaii Marine Laboratory, Coconut

Island, Oahu, and in the Department of Pharmacology, University of

Southern California, School of Medicine, Los Angeles, California,

whereas experiments concerning the effects of the venom on the isolated,

perfused guinea pig heart and the isolated guinea pig gut were performed

by Dr. George A. Feigen, Department of Physiology, Stanford University,

Stanford, California.

Material and Methods

Whole ani!Ual studies. The terminal, lethal rea.ction and the symptomato-

logy in the albino mouse resulting from the intravenous, intraperitoneal,

subcutaneous, and oral administration of pedicellarial extracts were

studied.

The mechanism for the active introduction of the venom from a

globiferous pedicellaria of Tripneustes gratilla (Linnaeus) is a sting

which produces a local, reversible inflammation confined to the intra-

cutan~us region of the integument at the site of penetration with a

concomitan~ sensation of pain. Although these two responses, inflamma-

tion and pain, can be quantitated, the techniques are difficult and time

consuming. Because a rapid assessment of activity was deemed essential,
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a bioassay based upon the intravenous or intraperitoneal injection of

pedicellarial extracts into mice was developed and exclusively applied

in this investigation.

Albino laboratory mice (closed colony Carworth Farms Webster

strain) weighing between 18 and 28 g. were used. The number of animals

used at a particular dose level (mg. of lyophilized extract or mg. of

protein/kg. of mouse body weight) was dictated by the availability of

mice. Never less than two mice were used per dose level.

Intravenous introduction of test solutions was accomplish~d by

injecting into the lateral tail vein of the mouse. Injections were made

at a constant rate of 0.1 ml./10 sec., and total volumes never exceeded

0.5 ml. During injections the mice were held in a metal cylinder open

at the head-end, and closed at the tail-end with a rubber stopper fitted

with a V-notch for the projection of the animal's tail. The notch was

situated so that when the mouse was secured in the cylinder by the

insertion of the stopper, the base of the tail was slightly compressed,

thereby partially occluding the tail vessels and increasing the blood

pressure. The increase in pressure dilated the vessels and facilitated

injection. Upon completion of injection the mouse was released from

the holder and observed for symptoms.

Intraperitoneal introduction was performed by injecting the test

solution into the peritoneal cavity at a point on the abdomen midway

between the midline and the junction of the abdomen and the hindleg,

and approximately 1 em. above the genital papillia. The specifications

for volumes injected and the rate of injection were identical to those

for intravenous introduction.
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Samples of the venom were prepared from the crude, lyophilized

powder in 0.9% NaCl solution to a concentration of 30 pg./ml., and the

total volume injected seldom exceeded 0.1 ml.

A dose of 100 pg./kg., previously shown to be lethal intravenously,

was introduced subcutaneously into the dorsal neck region of mice.

Oral administration of toxic solutions were accomplished by

inserting a 20 gauge, 5 em. long hypodermic needle which was tipped with

a small solder bead (producing a smooth tip) into the stomach by way of

the mouth and esophagus. The mouse was held by the loose skin of the

neck, and the insertion gently made by applying light pressure to the

syringe. After administration of the venom the needle was rapidly but

gently removed. The doses used were 30, 60, and 90 times the intra

venous MLD (MLDiv = 100 pg./kg.). The largest volume administered was

0.47 ml., and five animals were used at each level.

To obtain an estimate of their toxicity, and indirectly, a measure

of their venom content, known numbers of pedicellariae heads were

extracted and the resultant solutions injected intravenously into mice.

For this purpose pedicellariae heads were removed from sea urchins and

processed as previously described, and separated into five groups of

160 each which were selected on the basis of uniformity of size.

Each group was ground separately in 0.2 ml. of filtered sea water

in the depression of a porcelain spot-plate with a small glass pestle.

After grinding and settling of the tissue debris the solution was

carefully drawn off into a syringe, the residue twice reextracted, the

three extracts combined with the tissue debris, and enough filtered sea

water added to give a total volume of 2.0 ml.- A Millipore filter

syringe adapter was connected to the syringe, the solution forced



through the filter (mean pore diameter = 0.8p.), an~_the filtrate

injected intravenously into mice at volumes which corresponded to 0.1,

0.2, 0.3, 0.4, 0.5, and 1.0 pedicellariae heads per gram of mouse body

weight. Filtered sea water controls were injected at similar volumes.

This assessment of activity was carried on for all give groups.

The effects of the venom on rabbits was investigated because it had

been previously shown by the work of Henri and Kayalof (1906) that this

animal was quite sensitive to extracts of the pedicellariae of

Sphaerechinus granularis. Five albino rabbits in a weight range of 1.0

to 1.2 kg. were administered intravenous doses of pedicellarial extracts.

Solutions used were prepared from the crude, lyophilized powder in 0.9%

NaCl solution to a concentration of 500pg./ml., and the dose

administered was based upon the intravenous MLD in mice (MLDiv = 100 pg.

/kg.). Three rabbits received a dosage equivalent of 1 MLD, whereas the

remaining two received the equivalent of 0.1 MLD.

Injections were made through the lateral, marginal ear vein. The

solutions were injected at a rate of about 0.1 ml./10 sec. Their total

volume never exceeded 0.24 mI.

Studies ~ in vivo and in vitro animal preparations. Measurements of

the arterial blood pressure and the respiratory rate and depth along

with the recording of the electrocardiogram were carried out on

anesthetized rabbits which were administered pedicellarial extracts

intravenously.

Albino rabbits (mean weight 1.0 kg.) were anesthetized with 35 to

45 mg./kg. of pentobarbital sodium (NembutalR Abbott) administered

intravenously through the lateral, marginal ear vein. Blood pressure
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was recorded from a cannulated carotid artery with a mercury manometer,

and respiratory rate and depth from a sidevent of a tracheal cannula

attached to a tambour with associated writing stylus. Blood pressure,

baseline, time-mal1 k, and respiratory traces were recorded simultaneously

on an extension paper kymograph. Electrocardiograms were taken on a

viso-cardiette recorder (The Sanborn Company) at a chart speed of 25

mm./sec. (1 mY. = 10 mm.), and recordings made intermittantly throughout

the progress of each experiment through standard ECG Lead I or Lead II.

Venom solutions were injected intravenously through a cathetor into a

jugular vein.

Venom samples were prepared from the crude, lyophilized powder in

0.9% NaCl solution to a concentration of 10 mg./ml. This solution and

0.9% NaCl solution dilutions were used.

This study yres performed on seven rabbits in a dose range of 25

mg./kg. to 1 pg./kg. Either single, lethal doses or a series of

sublethal doses were administered. Single doses of 25 mg./kg., 2.5

mg./kg., 25pg./kg., and 20 pg./kg. were administered in four rabbits

respectively. One animal received a dose of 15 pg./kg. and the effects

of this dose followed until the levels of all measured parameters had

returned to near-normal values, and then an additional, identical dose

was given. Finally, the last two rabbits received doses in a series.

In the latter two cases, doses of 1 ~g./kg., 5 pg./kg., 10 ~g./kg., and

15 pg./kg. were administered in succession. Enough times was allowed

between each dose to permit all measurable parameters to return to

normal or near-normal levels.
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The effects of the venom on cardiac function were studied in three

isolated preparations: (1) the isolated, perfused toad heart, (2) the

isolated atria-sinus venosus of the toad heart, and (3) the isolated,

perfused guinea pig heart.

The hearts of pithed toads, Eufo marinus, were exposed and a

cannula (20 gauge hypodermic needle, 19 rom. shaft length, point ground

off perpendicular to shaft axis) tied into the posterior vena cava, the

remaining venae cavae ligated, and the heart removed by severing all

venae cavae on the side of the ligature away from the heart plus the two

aortic arches leading to the truncus arteriosus. The freed heart lfaS

immediately placed in a container of Toad Ringer's solution.

A small spring-wire hook attached to a length of cotton thread

was passed through the tip of the ventricle. The preparation was

suspended by means of the hypodermic needle cannula from a fixed Leur

Lock fitting which led to the perfusion fluid reservoir by means of a

rubber tube. The reservoir was so arranged that a constant head of

pressure was maintained during perfusion. The thread attached to the

ventricle was fastened to a light weight writing lever in such a manner

that contractions of the heart produced a downward movement of the

lever. The movements of the writing lever were recorded on a smoked

kymograph which revolved at 20 mm.!min.

The flow rate of perfusion fluid (Toad Ringer's fluid) and the

applied load against which the heart had to work were adjusted until a

contraction pattern of uniform rate and amplitude were maintained.

Venom samples were prepared from crude, lyophilized powder to a

concentration of 1 mg.!ml. or 10 mg.!ml. in Toad Ringer's solution, and

total doses ranging from 1 pg. to 250 pg. were applied to the preparation
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by injecting the poison directly into the perfusion fluid through the

rubber tubing at a point where it entered the Leur-Lock fitting. All

experiments were conducted at 200 C.

The atria-sinus venosus portion of the toad heart was prepared

after the whole heart had been removed from a pithed animal by severing

all its blood vessels. The heart was thoroughly washed in Toad Ringer's

solution, the ventricle removed by a cut at the auriculo-ventricular

groove, and all blood vessel remnents cut away. This preparation was

suspended in a 20 ml. tissue chamber containing Toad Ringer's solution

between two cotton threads. The thread attached to the atria was

fastened to a hook at the bottom of the chamber, while the length

attached to the sinus venosus led to a ceramic cartridge transducer.

The myocardiogram trace was recorded on an ink-writing oscillograph

(Grass Polygraph, Model 5) at a chart speed of 1 mm./sec. All experi-

oments were carried on at 20 C., and the nutrient solution was contin-

uously aerated.

A stock solution of the crude venom at a concentration of 1 mg./

ml. in Toad Ringer1s solution was used in this series of experiments.

Several preparations were subjected to doses of 5, 10, and 20 pg./ml.

of bath (100,200, and 400 ~g. total dose). In an attempt to

determine if either a resistance or an increased susceptibility could

be developed to the venom, a series of 50 pg./ml. doses (1000 pg. total

dose) were presented to the same preparation. The preparation was

washed after maximum response to a venom dose was attained, and a period

allowed for reestabli~hment of a steady baseline before the next dose.

A total of five doses were applied in this manner.



The effect of the venom was studied with the aid of the Langendorff

perfused heart. Two isolated guinea pig hearts (wet weights = 1.21 g.

and J .1.4 g.) ,<{ere prepared as described by Feigen et al (1961). The

animals were killed by a blow tQ the back of the neck, the heart

excised, and a cannula tied into the aorta above the semilunar valves.

Perfusion was conducted with oxygenated Locke-Ringer's solution warmed

to 38°c., and a pressure maintained so that the semilunar valves

remained closed so that the fluid was forced through the coronary

vessels. After leaving the coronary sinus the fluid flowed out over

the surface of the heart, through the pulmonary artery and the cut end

of the superior and inferior vena cava. The perfusion fluid leaving the

coronary sinus was collected at intervals of 60 sec. for coronary flow

rate determinations.

A stock solution of carbon purified venom (Mouse LD50 = 150 pg./

kg. IV) was prepared in 0.9% NaCl solution to a concentration of 0.24

mg./ml. j and 0ilutions in the range of 1:32 to 1:4096 made with Locke-

Ringer's solution. The weight range of total dose tested was 4.150 x

10-5 mg. to 5.216 x 10-3 mg.

The effect of the venom on neuromuscular transmission was studied

in the toad, Bufo marinus, using the sciatic nerve-sartorius muscle

preparation based on a method of lng and Wright as described by Barlow

(1955). The skin of the right leg of a pithed toad was stripped away

and the animal placed ventral-side up. A thread was passed under and

tied to the tendon of the sartorius muscle at the knee, and the tendon

attachment severed. The muscle was gently raised and all underlying

muscular tissue cut away at the facial planes in such manner that the

nerve bundle entering the sartorius was undisturbed. The nerve was
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traced and all connective tissue removed along its course into the deep

tissue. When a sufficient length of nerve had been exposed a thread was

passed under it and tied, the nerve severed at a point beyond the tie,

and the preparation cut away from the animal at the muscle origin on

the ilium.

The muscle was mounted on the base of an electrode holder in such

manner that the muscle tissue rested against a platinum stimulating

electrode, the nerve was wrapped around a second electrode and firmly

attached by means of the thread already tied to it, and the entire mount

with attached preparation submerged in a 5 ml. chamber containing

aerated Ringer's solution at 200 C. The thread attached to the tendon

was passed up and tied to a force-displacement transducer (Grass FT.03).

Alternate stimulation was applied to the nerve and the muscle at a

rate of 20/min. from two square-wave stimulators (Grass S4D) at

supramaximal values of 20 V. and 40 V. respectively. A frequency of

3000 cps. and a duration of 0.25 mSec. were used for both the nerve and

muscle stimulation. The myogram was traced on an ink-writing

oscillograph (Grass Model 5) at a paper speed of 0.25 mm./sec.

The crude venom prepared in Toad Ringer's solution was tested on

six preparations at doses of either 42 pg./ml. or 200 pg./ml.

Although the neuromuscular preparation will give excellent indica

tion of neuromuscular blockage when present, it cannot be clearly shown

if nerve transmission per se is interferred with especially when

indirect elicited contractions are also effected. All therapeutic

blocking drugs are specific for the neuromyal junction and have no

direct affect upon the muscle per~. Therefore, the venom was tested
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mission as indicated by changes in action potential of the nerve.

A length of sciatic nerve was removed from a pithed toad by cutting

it at the sciatic plexus at its one end, tracing and freeing it along

its course into the deep tissue of the leg, and finally, cutting it at

the other end. The nerve was mounted in a moist chamber across bipolar

stimulating and recording electrodes, and across a grounding electrode

that was positioned between the two pairs of bipolar electrodes. All

electrodes were mounted to a common, insulated holder which could be

lowered or elevated, thus facilitating the washing of the nerve in

Ringer's solution or solutions of the venom.

The nerve was stimulated biphasically with a square-wave stimulator

(Grass S4D) at a frequency of 65 cps. which produced a standing action

potential on an oscilloscope. The generated action potential was

amplified by a low-level D.C. preamplifier (Tektronix RM 122), and read

out on an oscilloscope (Tektronix Model 506) synchronized from the

stimulator. Stimulating voltage was about 0.71 V., with a duration of

0.2 mSec.

The height of the action potential was recorded immediately after

the nerve had been removed from Ringer's solution and at five minute

intervals up to 15 minutes during the period that the nerve vms being

soaked in a venom solution at a concentration of 1 mg.!ml. All readings

were taken after the preparation had been lifted out of the solutions.

To evaluate the possibility that the action of the venom on biolo

gical systems was due in part to: (1) its ability, when in contact

with a foreign system, to cause the release of substances such as
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acetylcholine, histamine, or 5-hydroxytryptamine, (2) the presence of

these substance in the venom, or (3) the presence of substances

possessing actions similar in nature to acetylcholine, histamine, or

5-hydroxytryptamine, a study was conducted using the guinea pig gut, the

rat ileum, and the protractor muscle of the lantern of the sea urchins

Trj.pneustes gratilla (Linnaeus) and Echinometra mathaei Blainville.

Samples of carbon purified venom which (a) had been boiled, (b) bad

been treated with acid (pH = 2.0) and boiled, (c) had been treated with

base (pH = 12.0) and boiled, and (d) had been untreated were tested on

the guinea pig gut. ULlcreated carbon purified venom was tested on the

rat ileum. The protractor muscle preparations were treated with crude

undialysed and dialysed venom, and an ultrafiltrate of the crude

undialysed venom.

Isolated segments of guinea pig gut were prepared according to

methods of Feigen et al (1959). Three preparations were used in which

the animals were killed, the abdomen opened, and a segment of the ileum

removed. These were thoroughly washed in warm Tyrode's solution,

attached to a holder, and mounted in a 4 ml. chamber containing

oxygenated Tyrode's solution which was maintained at 38°c. A thread

ran from the segment to Wl ultraviolet optical reco~der.

Doses of carbon purified venom of. 2.4 x 10-3 mg. to 3.4 x 10-3 mg.

were used in all tests. An acetylcholine chloride standard dose series

of 1, 10, and 100 pg./bath (0.25 ~g., 2.5 pg., and 25 p.g/ml.) and a

histamine hydrochloride standard dose series of 1 x 10-8 M, 5 x 10-8 M,

1 x 10-7 M, and 2.5 x 10-7 M were run before and after each venom

addition. After the effective dose of the venom had been determined

the preparation was pretreated with 2 ~g./bath of atropine sulfate
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followed by the effective dose of the venom. The same procedure was

R
performed with 2 pg./bath of tripelenamine hydrochloride (Pyribenzamine

hydrochloride). Finally, the preparation was pre-treated with 2 pg./bath

of atropine sulfate and 2 pg./bath of tripelenamine hydrochloride ~t one

time followed by the effective dose of the venom.

The ileal preparations were washed with fresh Tyrode's solution

after the addition of each drug and venom samples except in those cases

when pretreatment was involved.

Four isolated rat ileum preparations obtained from albino rats in a

weight range of 150 gm. to 163 gm. were prepared similarly to those of

the guinea pig. Tyrode's solution warmed to 37.50 C. in a 20 ml. chamber

continuously gassed with oxygen was used.

Doses of carbon purified venom prepared in Tyrode's solution were

tested at 0.85 pg./ml. and 1.275 pg./ml. An acetylcholine chloride

standard dose of 25 pg./ml. was also run. The preparations were washed

frequently with fresh, warm Tyrode's solution both during periods of

equilibration and after the administration of the venom.

Mendes et al (1963) presented evidence to the effect that

homogenates of the globiferous pedicellariae of Lytechinus variegatus

contained an acetylcholine-like, dialysable fraction which caused the

lantern muscle of Echinometra locunter to contract as if treated with

acetylcholine. In order to determine if similar activity could be

assigned to the globiferous pedicellariae venom of Tripneustes gratilla

(Linnaeus), it was tested on the lantern muscle preparations from two

sea urchins.

The whole lantern with associated muscles intact was removed from

specimens of both Tripneustes gratilla (Linnaeus) and Echinometra mathaei
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were removed from the lantern and mounted in a 20 mI. chamber containing

aerated, filtered sea water at 200 C. The loose end of the muscle was

attached to a force-displacement transducer (Grass FT.03) by means of a

thread, and the contractions were traced on an ink-writing oscillograph

(Grass Polygraph, Model 5) at a paper speed of 0.25 mm./sec.

Acetylcholine chloride doses of either 4.55 pg./ml. or 11.7 pg./ml.

were placed in the bath before and after venom doses were presented, and

the preparations were vmshed with fresh, filtered sea water after the

addition of all test solutions. Crude, undialysed venom from the mass

extraction of the ped1cellariae heads from 33 sea urchins (see Chapter

III, p. 72) which had an MLDiv in mice of 100 pg./kg. was added to the

preparation at doses of 24 pg./ml. or the equivalent of 12 MLDiv in mice.

The ultrafiltrate of this crude, undialysed venom was similarily added

to the bath at a volume which was equal to the un-filtered venom (0.8

ml./bath). A dialysed sample 0f the crude venom was added to the

preparation at a calculated dose of 24 )lg./ml. (1.0 m1./bath) taking

into consideration the increase in volume associated with dialysis.

Only the ultrafiltrate was tested on the muscle preparation from

Tripneustes gratilla (Linnaeus), while crude dialysed and undialysed

venom, and the ultrafiltrate of the crude undialysed venom were tested

on the preparation of Echinometra mathaei Blainville.

Results and Discussion

Whole animal studies. The albino mouse is very sensitive to pedicel-

lariae venom administered intravenously or intraperitoneallj- at the

minimum levels of 100 ~g./kg. and 10 mg./kg. respectively. The terminal,
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lethal symptomatology is identical for these two routes of administra

tion. The symptoms consist of gasping and a state of excitability

which terminates in tonic convulsions. Although proof cannot be offered

to justify the conclusion that venom treated animals suffer from lack

of oxygen, the nature of the terminal, tonic convulsions along with the

gasping are indicative of either stagnant (hyperkinetic) or anoxic

(hypotonic) anoxia.

The onset of death is rapid after intravenous administration of

venom at lethal levels, the symptom of gasping is almost immediately

apparent, and death ensues within a period of 30 to 90 sec. Although

there have been instances in which the time to death has been extended

to almost 15 min., this is the exception and not the rule.

Intraperitoneal injection of venom p~oduces an array of symptoms

in addition to those associated with the terminal, lethal complex.

Immediately after injection the mouse becomes extremely excited, running

Vigorously about its cage and at times stopping with the hindlimbs

stretched out. Next, a period of inactivity ensues which is often

accompanied by diarrhea and static (in place) tremors. If the animal

is disturbed during this quiescent period, either by physical or

auditory means, it will exhibit a saltatory-like spasm, a brief period

of movement (walking with difficulty about the cage), and return to a

state of quiescence. Finally, the animal passes into the terminal,

lethal complex.

Other than a certain degree of difficulty experienced in walking

after intraperitoneal injection due to hindlimb impairment, no other

signs such as ataxia, paralysis, or other peripheral nervous system

involvements are apparent: There is a possibility that the hindlimb
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involvement is due to local irritation on the gastrointestinal tract,

and not due to a neurotoxic effect per se.

Subcutaneous administration of the venom at 1 MLDiv has no lethal

effect on mice. However, within 12 to 24 hours after injection a severe

necrosis is apparent at the site of injection. The hair has sluffed off

and the skin is perforated. No necrosis of the underlying tissue is

apparent. The mechanism involved here is not understood and no further

study of this reaction has been made at this time.

Oral administration of the venom produced no deaths or unusual

symptoms in the mouse even at a dose of 90 MLDiv . Several days after

administration the animals exhibited no ill effects and appeared

perfectly healthy. It has already been shown that the venom is stable

and active over a pH range of 4.3 to 10.6 at about 8°c. (see Chapter

III, p. 81), but no ~uantitative data have been presented concerning the

stability and activity of the venom at lower pH values and higher

temperatures. Therefore, in a way of explanation: two possibilities

exist which may account for this apparent inactivity: (1) the venom is

inactivated at the low pH existing in the stomach of the mouse, or (2)

the venom undergoes degradation with concomitant inactivation by enzymes

present in the gastrointestinal tract.

From data presented in Table IV-l concerning the relative toxicity

of the venom by various methods of administration, it should be noted

that 100 times less material is required to produce death by intravenous

administration when compared to intraperitoneal administration, while

subcutaneous and oral administration are not lethal. From the standpoint

of non-protein substances one would expect the route of administration

to influence the response of the drug in a quantitative fashion, and



Table IV-l. Biological activity of pedicellarial extracts expressed in minimum lethal doses in the mouse
and rabbit by various routes of administration.

Animal Extract Type Injection Route
----

Mouse Crude IP

Mouse Crude IV

Mouse Crude1 IV

Mouse Crude SC

Mouse Crude Oral

Mouse Crude2 IV

Mouse Purified3 IV

4
Mouse Purified IV

Rabbit5 Crude IV

Rabbit Crude IV

Minimum Lethal Dose or Action

10 mg./kg.

100 Ilg./kg.

100 )lg./kg.

Non-toxic @ 1 MLDiv; Necrosis of epidermis

Non-toxic @ 90 MLDiv

Non-toxic @ 12 MLDiv Equivalents

37.5 pg./kg.

20.0 j.lg./kg.

20 j.lg. /kg .

100 pg. to 10 Ilg./kg.

1 = Undialysed. IF = intraperitoneal.
2 = Ultrafiltrate. IV = intravenous.
3 = Crude extract purified with carbon.
4 = Crude extract purified by ammonium sulfate
5 = Anesthetized.

SC = subcutaneous.

precipitation and carbon.

\D
\J1
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Wells (1958) points out that for most drugs the common routes of

administration in man, in decreasing order of effectiveness, are intra

venous, intramuscular, subcutaneous, and oral. The cifference between

these routes are largely differences in the rate of absorption of the

drug.

If we consider the active portion of the pedicellariae venom to be

proteonaceus, and evidence presented in this study seems to confirm

this, and if the ability of the molecule to reach its site of action is

dependent upon simple diffusion, then the a~rarent quantitative

difference between intravenous and intraperjtoneal administration can

be understood. In the case of the intravenous route the poison easily

reaches the site of action without having to diffuse through large

tissue compartments in order to reach the blood compartment for distri

bution to the site of action. On the other hand, if the poison is

administered intraperitoneally it must gain access to the circulation

for distribution. These assumptions presuppose that the action of the

venom is dependent on either the interaction of the venom per ~ with

some site which causes the lethal effect, or the venom reacts with some

site which releases other substances which cause the lethal effect. It

is also possible that both or other mechanisms are involved.

Undoubtedly, diffusion from a subcutaneous site would be far

slower than from an intraperitoneal one; therefore, if a subcutaneous

dose far higher than 1 MLDiv waS administered by this route, it is

possible th~t death would occur in a manner similar to that caused by

intravenous or intraperitoneal administration. However, if the rate of

degradation of the venom was faster than the diffusion of the substance

to its site of action, then no lethal action would be expected.
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Although the mechanism of introduction of the venom and its action

in the intracutaneous tissue has not been investigated, certain facts

based on the work of Fujiwara (1935), the author's own experience in

being stung, and information gained from the administration of the venom

by the various injections routes described above, are worthy of mention.

Fujiwara (1935, p. 63) describes paralysis, dyspnea, and muscular

weakness as symptoms resulting from being stung by the globiferous

pedicellariae of Toxopneustes pileolus (Lamarck), but emphasizes that

only ~hen the veno~ is cblc to reach the capillaries

in the dermal layer of the skin. The author of this investigation has

received several stings from the globiferous pedicellariae of Tripneustes

gratilla (Linnaeus) without experiencing such symptoms other than local

pain and inflammation; however, the local reaction elicited by a recent

sting was much more intense than previously experienced. The likelihood

that sensitization to the venom had occurred seems reasonible, and

further contact might be dangerous. Therefore, other than the possibi-

lity of becoming sensitized to the venom, Fujiwari's conclusions are

valid. In further support of his view is the fact that routes of

introduction: intravenous and intraperitoneal, allow excellent access

to the site of action, while the subcutaneous route offers little. So,

if th~ venom is deposited in an area devoid of blood vessels, then there

is little chance of serious consequences from a sting.

Intravenous injection of the extracts from the five groups of

globiferous pedicellariae heads (each group containing 160) into mice

caused death at a minimum volume of 0.005 ml./g. This volume

represents the extract of 0.4 pedicellaria and would indicate that the

venom from eight pedicellariae heads would be sufficient to kill a 20 g.
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mouse. Calculations based upon these data in conjunction with the value

for a minimum lethal dose of 100 pg./kg. would indicate that 0.25 pg. of

lethal material is contained within one pedicellaria head. If the

active material is c~~posed entirely of protein, then 33% (biuret

analysis of crude venom extract) of 0.25 ug. or 0.0825 Ug. of toxic

protein should be present in one pedicellaria head.

Although this calculated value is only an approximation and

probably has no quantitative reality, it does emphasize the relative

magnitudes of poisonous material being delt with in these structures.

Also, if the stings from seven or eight pedicellariae will cause such

extreme distress in man as described by Fujiwari, then man must indeed

be extremely sensitive to the venom.

In many respects the symptomatology exhibited by the rabbit to the

venom is similar to that shown in mice, particularly in the terminal

stage just prior to death. Because the sequence of symptoms leading to

death were so closely spaced in time, difficulty was experienced in the

evaluation. However, comparison of the symptoms exhibited in three

animals given the same dose of venom did clarify the situation.

Intravenous injection at one mouse MLD (100 pg./kg.) produced

rapid deaths in all three rabbits tested, and the average time to death

was 30 sec. The most prominent symptom was gasping which occurred

almost immediately after the entire volume of the venom solution had

been injected. The animals became excited and made attempts at running.

At the time that gasping was at its height, respiratory difficulty was

most apparent. Abdominal respiration became forced, thoracic respiration

became irregular, and the animals were in a cyanotic state. The final

stage was characterized by apparent loss of motor control, the limbs were
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thrust out laterally with the chest and abdomen flat against the floor,

respiration was religated to intermittant gasps, and the animals finally

expired in tonic convulsions.

The appearance of cyanosis was the first clear sign that an anoxic

condition vms present. This symptom was a prominent feature of the

intoxication, and seems to strengthen the view that mice were similarly

affected even though they did not exhibit cyanosis.

At the lower dose of 10 pg./kg. the two rabbits also exhibited

respiratory distress, but the symptoms were far less severe. Gasping

and the associated labored respiration was prominent but transitory,

and the animals exhibited no apparent ill effects once the respiratory

stress had passed.

Although the exact mechanism which caused such severe respiratory

distress has not been entirely clarified, additional evidence will be

presented which partially supports the hypothesis that this symptom is

a result of lack of oxygen and may be classified as stagnant anoxia or

anoxia due to a reduction in the flow of blood.

Studies on in vivo and in vitro animal preparations. Anesthetized

rabbits receiving single, intravenous doses of 25 mg./kg., 2.5 mg./kg.,

25 ~g./kg., and 20 pg./kg. died. The three highest doses produced an

immediate precipitous fall in arterial blood pressure from normal, mean

values of 68 mm. of Hg to zero in a matter of a few seconds with con

comitant respiratory arrest. No meaningful electrocardiographic changes

were discernable because of the sudden onset of death.

The animal receiving 20 pg./kg. expired within three minutes with

identical symptoms; however, the blood pressure fall was a little less

abrupt.
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Lower doses of 1, 5, la, and 15 pg./kg. were not lethal. The

effects of the latter three doses upon arterial blood pressure and

respiration are presented in Fig. IV-l and Fig. IV-2 respectively.

Unfortunately, the ECG traces which were taken during the progress of

all rabbit experiments were lost in the Hawaii Marine Laboratory fire

of December 1961.

It should be noted that the blood pressure, after an initial drop,

begins to return to pre-injection levels. The higher the dose, however,

the greater is the initial drop, and complete return to original levels

seldom occurred during the period of the experiments.

Although the respiratory and vascular changes associated with the

administration of the venom are pronounced, these changes per se give

no concrete indication of the real mode of action of the venom. If the

primary site of action is the heart, then this could account for the

fall in blood pressure presuming that the effect resulted in a drastic

decrease in car~ia~ output. Similarly, the increase in respiratory

depth and rate could ~e a compensatory mechanism for increasing ventila

tion in order to eleviate an anoxic condition arising from decreased

rate of blood flow. Further investigation is essential for a more lucid

interpretation of these respiratory and cardiovascular changes, and in

particular, to determine which of these changes is indicative oi the

main action of the venom.

The effects of the crude venom on the isolated, perfused toad heart

are presented in Fig. IV-3 and IV-4. Total venom doses of 1 and 2 pg.

have little effect on the preparation, while total doses of 4 ~g. a~d

above show a response (graded) which, at higher concentrations, produce

a complete block of ventricular activity. Although the reco~ds
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Fig. IV -3. The effects of crude pedicellariae venom on the isolated, perf'l5ctl L"d Len!':.

A, a portion of 1'1 re:::ord .;lloviug the normal contruction of the heRrt, nnd the effects ,);' "I'" i·n:· J'"
the ....enom. B, a porticm of the same record shoving the effectr. of 12 Jl~. of the ven r
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Fig. IV-4. The effects of crude pedicellnriae venom on the isoloted., pCrfdGCU '-10"1 "curt nt 'J totol ,l'fle
of 250 JIg.

Contract"ions r,f the heart pr(~dlJeed 11 dovrl\rerd movement or the vr1tlng lever. The time tr!lcc Indlenten ",rw
minute intervals 6~bdivided into 12 nee. intervala. Do5~ 1185 injected into perfusion flult1 nt H,e pdr.t
marked ".025 celt at the botto:!! I)f trace.
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represent a composite picture of all the contracting elements of the

toad heart (sinus venosus, atria, ventricle), the traces reflect ven

tricular activity mainly. In Fig. IV-3~, a dose of 12 pg. caused a

very prominent increase in tonus of the ventricle, and almost produced

a systolic arrest. A very rapid arrest did occur at a dose of 250 ~g.

in which the whole heart stopped in systole (see Fig. Iv-4).

If progressively larger doses are administered in succession, a

period of time permitted for the preparation to stablize between doses,

and provided that too high a dose has not been given, the amplitude

increases after each successive dose to a height greater than the

previous one (see Fig. IV-3). Thus, the force of contraction and the

work performed by the heart is increased. The reason for this increase

is not apparent.

If a large enough quantity of the venom is administered, viz. 250

pg., then cardiac arrest will ensue (see Fig. IV-4). This arrest was

total involving all portions of the heart, and the experiment was

concluded before any recovery was apparent.

Investigation of the atria-sinus venosus preparation revealed that

these two structures are relatively unaffected by the venom. A total

, dose of 100 pg. (which would undoubtedly cause ventricular arrest in

the isolated, perfused heart) caused a 30% decrease in amplitude after

one minute, and this value was reduced to 20% within three minutes

after the venom had been removed by washing (see Fig. IV-5). Further,

an initial dose of 1000 pg. (four times the dose which caused total

heart arrest, see Fig. IV-4) caused a drastic decrease of 90% of the

original amplitude within two minutes (maximum effect), but returned to

a level which was only 10% below normal after washing (see Fig. IV-6).
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Although successive 1000 pg. doses did cause a general decrease in

amplitude, a point was finally reached where the venom had but lHtle

effect, and after the fifth 1000 pg. dose the amplitude began to return

towards pre-treatment levels. Apparently a tachyphylaxis (desensitita-

tion) develops which provides increasing resistance to successive dose

of the venom.

In contrast to this tachyphylaxis, the ventricle becomes more

sensitive to the venom with increasing doses until a level is reached

were ventricular arrest ensues. If the atria and sinus venosus do

indeed become less sensitive to successive doses of the venom, then it

would be expected that they would have regained their ability to

contract (in the case of the isolated, perfused heart that received the

total dose of 250 pg.) which probably would have been apparent had the
,

preparation been observed for a longer period of time.

It appears that: (1) the toad atria and sinus venosus are little

effected by the venom at levels which cause ventricular arrest, (2)

either the ventricle is affected directly by the venom, or (3) conduc-

tion between the atria and ventricle is inhibited by some action which

directly affects the conducting system. These assumptions are based on

the information gained from these two isolated systems for the periods

of observation used in these experimentS:- Obviously, the third

assumption is in doubt until an experiment can be conducted in which a

block is produced in the atria-ventricular conductive system, and

enough time allowed to see if a ventricular rhythm (unrelated to that

of the atria or sinus venosus) becomes apparent. For, if a ventricular

rhythm does appear in the presence of the venom, then the block is not

due to direct action on the ventricular tissue but probably due to the
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action of the venom on the conducting system between the atria and

ventricle.

Carbon purified venom (crude, lyophilized extract treated with

carbon) caused an auricular-ventricular block in the isolated, perfused

guinea pig heart. 'While a total dose of 1.3 x 10-3 mg. produced a

drastic reduction in both amplitude and the rate of coronary flow, no

block was apparent (see Fig. IV-7). Total doses of 2.09 x 10-3 mg.,

2.6 x 10-3 mg., and 5.2 x 10-3 mg. caused a block which progressively

increased in proportion to the dose increase. At the higher doses the

block was irreversible.

Specific studies of the electrical activity of the heart in both

whole animals and isolated systems are needed to clarify the exact mode

of action of the venom on cardiac activity. However, the evidence

presented concerning the effects of the venom on the disorientation of

ECG in rabbits, on the isolated, perfused hearts of the toad and guinea

pig, strongly suggest that one of the primary sites of action of the

globiferous pedicellariae venom is upon the myocardium, and that this

effect is possibly due to a direct action on the conductive system

between auricular and ventricular tiss~e.

Neuromuscular transmission studies in the toad sciatic nerve

sartorius muscle preparation at doses of 200 pg./ml. and 45 pg./ml. do

not indicate that the venom causes blockage at the neuromyal junction.

Both direct and indirect elicited contractions were affected (see Fig.

IV-8); therefore, there is equal probability that the junction, the

nerve, or the muscle is being acted upon. However, the following

observations suggest that the action on the muscle may be the principal

one.
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Fig. IV-7. The effects of variou8 doses of carbon pu~ified

pedicellariae venom on two isolated, perfused
guinea pig heart preparations.

(Tracings for Heart I and II taken from original recorda of
G. A. Feigen).
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The initial tonus increase observed after administration of the

venom (see Fig. IV-8 ~-~) is very similar in nature to that observed

from the action of certain snake venoms, and Russell and Long (1960)

attribute it in that case to a direct deleterious effect upon the

muscular element.

Studies on the action potential of the sciatic nerve of the toad

indicate that the venom has no effect upon the nerve directly at a

concentration of 1000 ~g./ml. for a duration of 15 minutes (see Fig.

IV-9). This dose is five times the dose necessary to produce an effect

upon the neuromuscular preparation. Therefore, this evidence strengthens

the view that the venom acts upon the muscle directly with no apparent

effect on the nerve.

Carbon purified ven0m causes a contraction in both the guinea pig

and rat gut, and recordings of this action are presented in Fig. IV-10

and Fig. IV-ll respectively. In the case of the guinea pig gut such a

contraction could be caused by the presence of acetylcholine or

histamine. Treatment of the preparation with either atropine

(acetylcholine anta50nist) or tripelenamine hydrochloride (antihistami

nic), at levels sufficient to block equivalent contractions caused by

exposure to acetylcholine or histamine, previous to the application of

an effective dose of the venom, does not block the venom inducE'd con

tractions. A simultaneous block with these two drugs in the same

preparation also does not prevent the venom induced contractions.

So, it seems reasonable to assume that the venom contains neither

acetylcholine (or acetylcholine-like sUbstances) nor histamine.

The rat gut, as opposed to the guinea pig gut, is extremely

sensitive to 5-hydroxytryptamine (serotonin), but is unaffected by
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Fig. rl-9. The effects of t:-.e crude pedicellariae venom on the isolated sciatic nerve cf t:1e t,')n.d ..

Action po~ent1els d.re snuvn for the control peri')d (C), and for 5, 10, and 15 minute tref'.tment in the vew"~.

fiolution. The crude \'en,-'m was preiJared in Tead Ringer's at fl. concentration of lOOJ pg./;'11. nnd t)~e l1r:ti')
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Fig. IV-10 o The effect of carbon purified pedic~llariae venom on isolated segments of
guinea pig gut.

A, normal contractions of gut. B, contraction caused by 304 x lO-3mg • of
venom introduced at arrowo (Tracings after G. A. Feigen)o
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histamine in relatively high concentrations. The effective guinea pig

dose of the venom caused a contraction of the rat gut (see Fig. IV-II)

which is maintained almost undiminished until the venom surrounding the

tissue has been removed by washing. The nature of this contraction

excludes the presence of 5-hydroxytryptamine because the contraction

produced by this substance falls off very rapidly even in the presence

of the drug. In other words, a rapid tachyphylaxis is built up by the

rat gut to 5-hydroxytryptamine, and since no such phenomenon occurred

with the venom there is little likelihood of the presence of this

substance in the venom.

Further evidence was accumulated from experiments with the

protractor muscle of the lantern of both Tripneustes gratilla (Linnaeus)

and Echinometra mathaei Blainville that neither acetylcholine nor

acetylcholine-like substances are present in the venom. While both

preparations respond normally to doses of acetylcholine by contracting,

the crude undialysed venom, the crude dialysed venom, illld an ultra

filtrate of the crude venom do not produce a similar effect (see Fig.

IV-12). These results are in disagreement with the results obtained

by Mendes et al (1963) for homogenates of the globiferous pedicellariae

of Lytechinus variegatus, so that one would suspect that this apparent

discrepancy is attributable to a species difference.

The results concerning experiments on the effects of the venom

from the heads of the globiferous pedicellariae of Tripneustes gratilla

(Linnaeus) are summarized in Table IV-2.
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Table IV-2. The action ot pedicellarial extracts on !a~ and !a vitro systems.

lNlKAI. SOURCE ISOLATED SYSTEM EXTRACT TYPE EFFECTIVE 003E

3labbit Blood pressure Crude 1 J1g.!kg.

liabbit Respiration Crude 1 ,ug.,!kg.

Iabbit Ei~ctrocardio«ram Crude l-5,Pg.!kg.

'load Heart Crude 1-14 pg.!IU.

250 pg./ml.

ACTION

Fall

Increase in rnte and ~litud.

Auricular-ventricular block

lacrsaae in rate and ~plitudel

partial auricular-ventricular
block

Auricular-ventricular block

Toad Atria-s1Dua yenosUB Crude 20 pg. Total dOS8

50 pg. Total doee

Slight aup1itude increace

6~ decroaee in asplitude with
tac~phr".ana

Toad Sc~atic n8rYe-sartoriua muscle Crude

~ad Sciatic nerve Crude

Guia.. pig Heart Purifiedl

01l1a. pig Gat Purified1

bt Gut Purified1

8. U'oh1Jl Protracter 1lU801e ot laDtern Crud.2

Crude'

crude"

200 J.lg./ml.

1 I:g./ml.

2.6 pg. Total doee

0.85 Jlg./ml.

0.85 Jig./sl.

24 P8./1111.

24 n./al.
2" pg./ml..

Block ot direct and iadirect
8t1mulat~d contrnctiona

No ettect on action potential

AuriculAl·- ...entrictolar block

(lootractjon

Cont_cUOll

R:: .that

No .ttect

No .ttect

1 • Crud. extraot purified vltb carboD, 2 a undial7sed, , a d1alysed, and .. D ultratiltrate I-'
I-'
00
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CHAPTER V

SUMMARY

The objectives of this investigation were: (1) to describe the

general microscopical anatomy of the head portion of the globiferous

pedicellariae of the sea urchin, Tripneustes ~ratilla (Linnaeus); (2) to

extract, purify, and determine the chemical nature and characteristics

of the venom contained within these structures; (3) to ascert!:l.L:l the

mode of action of the venom by studying its eff2cts upon whole animals,

in vivo animal preparations, and in vitro animal preparations.

A. Principle Results

(1) The globiferous pedicellariae are found in abundance on the

test of the sea urchin, Tripneustes gratilla (Linnaeus), and greatly

outnumber the two other pedicellarial forms: the tridentate and

triphyllous pedicellariae.

(2) The globiferous form is composed of two anatomically

distinct parts: the head and the stalk.

(3) Globiferous pedicellariae heads are composed of three

structurally identical jaws, in a position adjacent to each other,

and oriented and functionally integrated to serve as stinging

apparatuses. The three jaws are united into a single unit which

is enveloped in an external epithelium.

(4) Each of the three jaws contains calcareous supporting

elements or valves that articulate at their bases one with the

other, and terminate distally in long, sharply tipped hooks which

are bent inward. A groove runs the length of the hook e~d

terminates distally in a very small barb.
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(5) A bilobed muscular sac is positioned on the outer surface

of each valve, the lobes course distally as separate tubes on

either side of the valve, and terminate in the vicinity of the

grooved hook base. This sac or so-called poison gland contains

neither a glandular epithelial lining nor holocrine-type secretory

cells; however, the lumen is filled. with a very course, granular

material which possesses no structural integrity.

(6) Three functional muscle groups are associated with the

valves of the head, and are involved in opening and closing the

jaws and bending the head on the stalk.

(7) The enveloping epithelial covering of the head is pigmented,

and one to many cells high. The cellular boundaries are seen with

difficulty, and the cuboidal cells contain nuclei possessing

peculisr square, darkly stained inclusions that may well be

nucleoli. Darkly stained inclusions were also found in the

cytoplasm.

(8) Pedicellariae heads were obtained by washing the surface

of sea urchins with a strong sea water spray. Approximately 160 g.

(wet weight) of pedicellariae heads were collected from 760 sea

urchins by this procedure.

(9) Material possessing high biological activity was obtained

by the extraction (by homogenization) of pedicellariae heads with

either filtered sea water or 0.9% NaCl solution.

(10) The material extracted with an aqueous salt solution

contains dialysable, biologically inactive substances, and non

dialysable, biologically active substances.
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(11) The substance with biological activity is composed of

protein (biuret positive) and non-protein (~iuTet negative) consti-

tuents, is heat labile, activity being lost in 5 to 10 min. at

47.5°C. and 45.00 C. respectively, and shows absorption peaks at

278 mp. and 323.6 mp. in the UV region.

(la) Fractionation with ammonium sulfate (20 to 60% saturation,

excluding the 20% fraction) with subsequent carbon treatment

increases both the proportion of protein to non-protein (from

1:2.03 to 2.S5:1) and the biological activity, and eliminates the

peak at 323.6 mu.

(13) The active substance (designated as "the venom") call be

separated into 7 to 9 bands by acrylamide gel electrophoresis,

while no separation occurs by starch gel electrophoresis. Some

migration towards the cathode occurs by paper electrophoresis, but
-

no separation.

(14) The venom is stable over a pH range of 4.3 to 10.6 at

Soc., the activity is unaltered by lyophilization and storage in

this form up to 2.0 years (at -200 C.), but the addition of alcohol,

acetone, strong mineral acid, and strong base to venom solutions

causes flocculation.

(15) The albino mouse is very sensitive to intravenous and

intraperitoneal admInistration of the venom at minimal lethal

doses of 100 pg./kg. and 10 mg./kg. respectively. The symptoms

consist of gasping and a state of excitability which terminates in

tonic convulsions and death. Neither oral or subcutaneous adminis-

tration at doses of 90 MLDiv and 1 MLDiv respectively cause death,
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but necrosis at the site of injection occurs in the latter case.

The venom, extracted from eight pedicellariae heads, by the methods

used here, is sufficient to kill a 20 g. mouse.

(16) The albino rabbit is also very sensitive to intravenous

administration of the venom at a minimum lethal dose of between 100

pg./kg. and 10 pg./kg., while a dose as low as 1 pg./kg. produces

an increase in rate and depth of respiration and a fall in blood

pressure in the anesthetized animal. The unanesthetized rabbit

experiences symptoms of gasping, cyanosis, apparent loss of motor

contrcl, and dies in tonic convulsions.

(17) The effect of the venom on the isolated, perfused guinea

pig heart is an auricular-ventricular block at a dose of 2.6 pg.

(total dose). The isolated, perfused heart of the toad stopped

beating at 250 pg. (total dose). Single 100 pg. and repeated 1000

pg. doses of the venom on the isolated toad atria-sinus venosus

preparation indicates that these portions of the heart are little

effected at levels which would cause ventricular arrest.

(18) The venom causes a contraction of both the guinea pig and

rat isolated gut at doses of 0.6 and 0.85 pg./ml. of bath in the

guinea pig and 0.85 and 1.275 pg./ml. of bath in the rat. In the

case of the guinea pig preparations, neither atropine (acetylcholine

anta6onist) and tripelenamine hydrochloride (antihistaminic) in

single dose which would block any contractions due to acetylcholine

or histamine, nor combined doses of these two drugs at one time,

would block venom induced contractions. Although the venom induced

contraction of the rat was pronounced, it was not of the
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characteristic type which would be expected if 5-hydroxytryptamine

(serotonin) were a constituent of the venom.

(19) The venom has no demonstratible action on either the

neuromuscular junction or the isolated sciatic nerve.

(20) The crude undiaLysed venom, the crude dialysed portion of

the venom, and an ultrafiltrate of the crude undialysed venom has

no cholenergic action upon the protractor muscle of the lantern of

either Tripneustes gratilla (Linnaeus) or Echinometra mathaei

Blainville .

B. Main Conclusions

(1) The heads of the globiferous pedicellariae of the sea

urchin Tripneustes gratilla (Linnaeus) contain a potent venom which

is tentatively considered to be a protein or a substance closely

associated with a protein. The nature of the non-protein (biuret

negative) constituents is unknown, but may be large molecular

weight polysaccharides and lipids.

(2) Acetylcholine, histamine, and serotonin are not present

in the venom.

(3) The primary site of action of the venom in laboratory

animals is the heart. The mechanism of action upon the heart is

not known, however, the venom appears to prevent normal conduction

of electrical impulses in the conductive system between auricular

and ventricular tissue.

(4) The mechanism for the production of the poisonous

material in the heads of globiferous pedicellariae is unknown.
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