
solutions up to  f p o  of 0.50 were of equivalent thermodynamic ac- 
tivity (directly related tb chemical potential) with respect to the per- 
meant and, since diffusivity adjusted fluxes were invariant within 
experimental error, the controlling influence on mass transport was 
the activity in the donor phase. This also is in accord with the studies 
of Garrett and Chemburkar (12) utilizing ethanol-water mixtures 
as a solvent system. 

These data sharply contrast with those presented by Poulsen el a/ .  
(23) which were obtained using a seemingly similar system. Fluocin- 
olone acetonide release from propylene glycol-water gels into iso- 
propyl rnyristate was measured as a function offpg. These investiga- 
tors found that maximum release for a fixed concentration of the 
steroid was obtained from “vehicles containing the minimum 
amount of propylene glycol necessary to dissolve the steroid com- 
pletely.” When a significant amount of undissolved drug was pres- 
ent, drug release rates plunged sharply, which was attributed to  dis- 
solution-rate control. Diffusion layers formed as the drug was 
leached from the gel were likely also contributive. These data have 
received wide acceptance, and it is generally believed that good topi- 
cal drug availability depends on formulating to have full solution 
and also saturation. It is difficult t o  choose between thermodynamic 
control and dissolution-diffusion layer control as the best model for 
topical drug availability at  this time. Poulsen (24) published some 
in cilio data consistent with the latter. Factors that point t o  this 
mechanism are the high viscosities of topical preparations and the 
lack of mixing at  the surface of the skin (after initial application). 
However, the applied layer is extremely thin and many vehicles tend 
to dissolve in or  fluidize on the skin surface. For a thin application of 
a fluid vehicle containing a drug with appreciable solubility, ther- 
modynamic control is a distinct possibility. Further studies directed 
at unraveling this riddle are contemplated. 
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Toxicological and Pharmacological Studies on 
Sea Anemone, Calliactis polypus (Hormathiidae) 

C.  L. HUANG*A and G .  N. MIRt 

Abstract C Tentacles of Calliactis polypus were homogenized and 
centrifuged, and the supernatant liquid was lyophilized. Mice 
receiving a phosphate buffer solution of the lyophilized material, 
ranging between 7.5 and 15.0 mg./kg. i.p., demonstrated a stuporous 
condition and respiratory distress; some died within 24 hr. The 
LDm in mice was 32 mg./kg. Doses of 5-15 mg./kg. produced a 
decrease in the blood pressure and bradycardia. These effects were 
abolished by bilateral vagotomy and atropinization. With higher 
doses, various arrhythmias and ECG abnormalities were observed. 

When tested on isolated rabbit heart, the extract caused a decrease 
in heart rate, force of contraction, and rate of coronary outflow. 
The extract produced contraction in the isolated rabbit duodenum, 
guinea pig ileum, and rat uterus by parasympathetic stimulation. 
These effects were abolished by atropine. 

Key phrases 0 Calliactis polypus (sea anemone)-toxicology, 
pharmacology IJ Sea anemone-toxicology, pharmacology 0 
Toxicity-C. polypus (sea anemone) 

The sea anemone is one of the most abundant of the 
seashore animals. Approximately 1000 species are found 
in the ocean. They vary in size from a few millimeters 
to 0.5 m. or more in diameter. Most species are sessile 

and are attached to  objects of various kinds but are, 
nevertheless, able to  creep about to some extent. When 
they are covered by water and undisturbed, the body 
and tentacles have a flowerlike appearance (1). 
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Table I-Effects of Calliacris polypus Toxin on Locomotor Activity (Activity Counts/l5 Min.)" 

--I (5 mg./kg.)----_T--- I1 (10 mg./kg.) . 
Minutes Control Calliacfis Control Calliactis 

15 
30 
45 
60 
75 
90 

105 
I20 
Total 

592.1 f 83.8 
343.03Z 41.0 
256.6 f 24.4 
202.3 f 17.7 
166.8 f 18.1 
169 .6+  21.5 
1 5 8 . 6 f  25.8 
197.3 f 14.0 

2080.0 f 153.8 

2 5 1 . 6 f  44.3b 
141.1 f 60.0d 
72.6 + 15.0' 

103.6 f 18.1b 
57.8 f 2 4 . 9  
54.1 f 2 8 . 8 d  
45.8 f 25.1d 
25.8 f 7.9 

769.5 f 152.0' 

451.3 f 94.4 
376.3 3~ 56.3 
305.0 f 81.7 
2 2 9 . 6 3 ~  50.1 
220.0 f 37.3 
119.63Z 10.9 
125.1 f 16.3 
176.0 f 23.8 

2003.1 f 278.1 

107.5 3Z 29.5b*c 
59.3 f 13.3b 
43.1 f 6.4d 

36.3 f l l .Sb  
40.6 f 10. I b * C  

16.5 f 6.6b 
19.1 f 6.8b 
16.8 f 7.7b 

339.5 f 58.1b*.' 

Each value represents the mean f the standard error for a group of six mice. 'J p < 0.01 when compared with the control group. c p < 0.05 
when 5-mg./kg. dose was compared with the I@mg./kg. dose of C.  polypus. * p < 0.05 when compared with the control group. 

Toxicities have been observed with sea anemones, 
particularly with Rhodactis howesii (2-6) in which the 
LDg9 of the aqueous homogenate was demonstrated 
to be 6.2 mg. for 20-g. mice. The active principle was 
considered to be neurotoxic, and it also acted as an 
anticoagulant. The toxin from Condylactis giguntea 
(7) was extremely potent. The partially purified toxin 
had an LDso of less than 1 mg./kg. Recently, amino- 
ethylphosphonic acid and methylaminoethylphosphonic 
acid were isolated from Anthopleura xunthogrammica 
(839). 

Calliactis polypus (hormathiidae) is a common sea- 
shore animal found in the northern Gulf of Mexico. 
Its sting is known to cause a mild itching at the sting 
site; however, this species has received little scientific 
attention. Therefore, this study was undertaken to 
investigate the toxicity and pharmacological properties 
of the extract of this species of sea anemone obtained 
from the Mississippi Sound. 

MATERIALS AND METHOD 

Thirty C.  polypus1 were collected by trawls around Ship 
Island. The salinity was 30.0-33.0 p.p.t. and the temperature ranged 
from 10.0 to 14.9". Tentacles of the animals were removed, weighed, 
and homogenized in chilled distilled water for 5 min. The homog- 
enate* was centrifuged at 9000 r.p.m. for 5 min., and the yellow- 
ish-red supernatant liquid was separated and lyophilized. The l y e  
philized material was dissolved either in distilled water or 0.1 M 
phosphate buffer (pH 6.5) and used in the studies reported here. 

Toxicity Studies-General acute toxicity and various toxic 
manifestations were studied on mice. Male albino mice, weighing 
1 6 2 3  g., were randomly grouped, with five animals in each group. 
They were treated intraperitoneally with aqueous solutions of the 
lyophilized extract of sea anemone and housed in individual cages 
provided with food and water. The toxic symptoms and behavioral 
changes of the animals were observed for 48 hr. The LDw was 
estimated according to the method of Horn (10). 

Pharmacological Studies--Locomotor Actioity-Albino mice3 
were used in the locomotor activity studies. An automatic timer 
provided an 8 a.m.-to-8 p.m. light schedule in the room housing 
the animals, and air conditioning maintained the room temperature 
between 22 and 24". All mice were allowed to  adapt t o  these con- 
ditions for a minimum of 7 days before use in the experiment. 

Measurement of spontaneous locomotor activity was recorded 
by means of three photocell activity cages (photoactometers)'. 
Each actometer consisted of a circular runway 9 cm. wide and 20 
cm. deep. Six photocells were located in the outside wall, 2.54 cm. 

'Identified by Dr. G. Gunter, Gulf Coast Research Laboratory, 
1 Microscopic examination of the homogenate indicated that prac- 
3 Southern Animal Farm, Prattville, Ala. 

Ocean Springs, Miss. 

tically all the nematocysts had discharged. 

Model R064, Woodard Research Corp., Herndon, Va. 

(1 in.) above the floor. The actometer was covered with a sound- 
attenuating box. Electromechanical counters registered an activity 
count each time the animal traversed one-sixth the circumference 
of the runway. By means of a stopwatch and the counter, counts 
were taken every 15 min. for 2 hr. The statistical evaluation of the 
data in  this study involved use of one-factor analysis of variance 
(11). 

Blood Pressure and Respiration-The effect of the toxin on blood 
pressure, respiration, and heart was studied in anesthesized cats. 
Overnight fasted cats (2.5-3.5 kg.) of both sexes were anesthetized 
with 3 5 4 0  rng./kg. i.p. sodium pentobarbital. The right common 
carotid artery was exposed at  the neck region and cannulated with a 
polyethylene cannula, which was then connected to a previously 
calibrated linear core pressure transducer' for measurement of 
blood pressure. Respiration was recorded from chest electrodes, 
which were connected to an impedance pneumograph6. While 
recording respiration, the same electrodes were connected to  an 
ECG preamplifier for obtaining standard Lead 11 electrocardio- 
grams. The ECG preamplifier was calibrated in such a manner 
that each deflection represented 1 mv. in amplitude and 10 mm. in 
height. The pressure transducer, pneumograph, and ECG pre- 
amplifier were connected to  a physiograph6. The ECG recordings 
were interpreted according to the description of Burch and Winsor 
(12) and Friedman (13). 

All the injections were made through the right femoral vein, 
which was exposed and cannulated with a venous polyethylene 
cannula. The cholinergic activity of the toxin was studied in 
bilaterally vagotomized and completely atropinized animals; 
for example, both vagi were cut at  the cervical level and the animals 
were injected with atropine (3 mg./kg. i.v.). A complete parasym- 
pathetic blockade was ensured when no response was obtained with a 
test dose of acetylcholine ( 5  mg./kg. i.v.). Autonomic ganglia were 
blocked by the administration of hexamethonium bromide ( 5  mg./ 
kg. i.v.) in three successive doses. The animals were injected with 
phenoxybenzamine (3 mg./kg.) for complete blockade of periph- 
eral sympathetic a-receptors, which was ensured by observing 
reversal of the action of epinephrine (5 mcg./kg. i.v.) on the blood 
pressure. &Receptors were blocked by dichloroisoproterenol (4 
mg./kg. i.v.). For determining the action on the baroreceptors of 
the carotid sinus, carotid occlusion was performed three times for 
30 sec., both before and after the administration of the toxin. 

Isolated Heart Preparation-The effect of toxin on isolated rabbit 
heart was studied to  investigate the effects on the cardiac muscle by 
Langendorffs technique as modified by Anderson and Craver 
(14). The chest was opened and the heart was removed. It was dipped 
into oxygenated Locke's solution and gently squeezed to  remove 
the blood from the aorta. The aorta was freed from its attachment 
to the pulmonary artery, and the cannula was tied to it. When the 
cannula was fixed in place, a hook with a thread was fixed on the 
tip of the ventricle and the preparation was perfused. The thread 
was passed through a pulley and attached to a myograph (model 
B0655)6, which was connected to  a physiographo for recording. 

The pressure of the perfusate was maintained constant so that 
the volume of the coronary outflow would be proportional to the 
changes in the diameter of the coronary vessels. 

6 E & M Instrument Co.. Inc.. Houston, Tex. 
6 NARC0 model DMP-4A. 
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Figure 1-Effect of C. polypus toxin on: A ,  blood pressure*; 
B, respiration: C, ECG control; and D ,  E ,  F, various changes in ECG 
at the dose level of 20, 25, and 30 mg./kg. of rhe toxin, respectively. 
Key: C,  C. polypus toxin; PR, pulse rate; R R ,  respiration 
rate: and mV, millivolt. *No initial blood pressure is shown on the 
scale; instead the scale is divided in such a manner that initial 
blood pressure reads as 0.00 mm. H g .  The pressure transducer was 
calibrated for a 100-mni. Hg rise or full in the blood pressure, as 
shown in the scale. 

Isolated Hind Quarter of Rats-The effect of the Calliactis 
extract on the blood vessels was tested on the hind-quarter prep- 
aration of albino rats (15). The animals were sacrificed and evis- 
cerated. A cannula was tied to the abdominal aorta, and the body 
wall and vertebral column were cut above the point of cannula- 
tion. The hind quarter of the rat was then laid on a piece of muslin 
attached to a wire resting on a glass funnel. A marriotte bottle full 
of Ringer's solution was connected by a rubber tubing to the can- 
nula. The vessels of the rat were perfused until the perfusate was 
free from blood. The outflow from the vessels passing dropwisc 
through the muslin and the funnel was measured by counting the 
drops per minute. All the injections were made directly into the 
connecting rubber tubing. 

Isolated Smooth Muscle-Rabbits weighing 1-2 kg. and guinea 
pigs weighing 300-500 g.  of both sexes were used. Thc animals 
were sacrificed and the intestines were exposed. An actively 
contracting loop of ileum (guinea pig) or duodenum (rabbit), 4-6 
cm. in length, was selected and cut. This was suspended in a 25-ml. 
bath containing Tyrode's (guinea pig ileum) or Ringer's solution 
(rabbit duodenum). One end of the loop was tied to the hook of a 
holder and the other end attached to the myograph5. The whole 
preparation was suspended in an organ bath which was kept at 37" 
and aerated with 95 % O2 and 5 % CO,. 

Isolated Uterus Prepuratioti-Young female rats weighing 150 - 
200 g. were used. Estrus was induced by injecting subcutaneously 
0.1 mg./kg. of diethylstilbestrol 24 hr. before the animal was used. 
After theanimal wassacriticed, theabdomen wasopenedand both the 

horns of the uterus were isolated. The horns were transferred to a 
dish containing warm DeJalon solution (NaCI, 9.0; KCI, 0.42; 
glucose, 0.5; NaHC03, 0.5; and CaCI1, 0.03 g./l.). Each horn was 
cut open and divided longitudinally so that four strips could be 
obtained from one animal. The threads were tied to the end of each 
strip (about 2 cm. in length), which was then mounted in an organ 
bath of 25-ml.capacity. The DeJalon solution, maintained at 30-37" 
and pH 7.4, was oxygenated with 95z O2 and 5 %  Cot. The prep- 
aration was equilibrated in the bath for 30 min. before use. 

RESULTS 

Toxicity Studies-Doses of 5-10 mg./kg. i.p. in mice depressed 
motor activity, but no other behavioral changes or reactions were 
observed. Lethal doses produced the same effects for the first 
15-30 min., and later the animals demonstrated a stuporous 
condition and died within 1 hr. The LDW in mice was 32 mg./kg. 

Pharmacological Studies-Locomotor Activiry-As shown in 
Table I, Calliactis toxin reduced the motor activity in mice. The 
absorption of the toxin was rapid, as indicated by the significant 
reduction in motor activity in the first 15 min. There was a sig- 
nificant difference ( p  <0.05) between the two doses (5 and 10 me./ 
kg.), indicating a dose-response relationship. 

Effect on Blood Pressure and Respiratiori of the Cat-Five experi- 
ments were carried out on anesthetized cats with different doses of 
toxin ranging from 5 to 15 mg./kg. At these doses, a 20-40-mm. 
Hg depression of arterial blood pressure was observed (Fig. 1A). 
The fall in blood pressure did not last for more than 15 min., after 
which it returned to normal. As the blood pressure fell, there was a 
slight decrease in pulse rate which lasted for the same period of 
time. No significant change in respiratory rate was observed (Fig. 
1B). The fall in blood pressure was completely blocked by atropine 
sulfate (3 mg./kg.). A similar blood pressure response to a carotid 
occlusion was obtained before and after the administration of the 
toxin. 

Effect on ECG of the Cat-At doses between 5 and 15 mg./kg., 
the toxin did not produce a significant change in the ECG patterns. 
However, 20 mg./kg. and higher doses produced various ECG 
changes, namely, an increase in the P-R interval, a decrease in the 

Y 

Figure 2-Effects of sea anemone (C.  polypus) extract on the 
isolated rabbit heart, isolated guinea pig ileum, und isolated rat 
uterus. Key: A, effect of 3-mg. dose of Calliactis toxin injected into 
the perfusion jluid of isoluted rubbit heart preparation; B,  effect 
of 25, 50, and 75 mcg./ml. of the toxin on rhe isolated guinea pig 
ileum; C,  effect of 25, 50, and 100 mcg./ml. of the toxin on the 
isolated rat uterus; C ,  C. polypus; HR, heart rate: CO, cor- 
onary outflow; /m,  per minure; N', wash; and A, atropine suljbte, 
0.1 mg./ml. 
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R wave amplitude, an inversion of the T wave, and an increase in 
the duration of the S-T segment (Fig. ID). With 25 mg./kg., there 
was an inversion of the P wave, a depression of the R wave ampli- 
tude, and an inverted T wave. A 30-mgJkg. dose of the toxin pro- 
duced a condition in which a premature contraction was followed by 
two normal beats (Fig. 1 F). Atropine (3 mg./kg.) reversed the cardiac 
abnormalities, but it could not reverse the effect of the toxin at  a 
dose higher than 30 mg./kg. 

Effect on Isolated Rabbit Heart-The toxin a t  doses of 0.2-3.0 
mg. injected into the perfusion fluid had little effect on the coronary 
outflow, heart rate, and amplitude of cardiac contractors. With a 
3-mg. dose, there was a slight decrease in all three parameters 
(Fig. 2A). but the effect diminished within 2 min. Doses higher than 
4 mg./kg. produced irregular cardiac contractions, which usually 
resulted in cessation of the heart action. 

Effect on Isolated Guinea Pig Ileum-Guinea pig ileum responded 
to  the toxin with contractions. The threshold concentration was 
25 mg./ml., and a dose-response relationship was observed with 50 
and 75 mg./ml. Atropine in doses that completely abolished the 
action of acetylcholine and histamine also abolished the spasmogenic 
action of the toxin (Fig. 2B). 

Effect cn Isolated Uterus of the Rat-The toxin in 25-, 50-, and 
75-mg./ml. doses caused the contraction of the isolated uterine 
strips of rat. The effect was found to  be dose dependent, and it was 
abolished by atropine sulfate (Fig. 2C). 

DISCUSSION 

The Calliactis toxin was found to be toxic to mice, having an  
LDso of 32 mg./kg. In gross behavioral and motor activity studies, 
the toxin appeared to have CNS depressant action. 

The toxin in varying dose levels produced a transient fall in 
arterial blood pressure. The effect was completely blocked by 
atropine sulfate, indicating that the fall in blood pressure was medi- 
ated through parasympathetic stimulation. This observation was 
further confirmed by in vitro studies on guinea pig ileum and rat 
uterus. The toxin produced contractions which were completely 
blocked by atropine sulfate. 

The dose levels which produced an effect on blood pressure had 
little effect on the ECG. With 20 mg./kg., there was an increase in 
P-R interval, a greater duration of the Q-R-S complex, a prolonged 
S-T segment, and an inversion of the T wave, indicating a slight 
degree of A-V block, depression of ventricular depolarization, and 
ischemia of the heart. Thirty milligrams per kilogram produced an 
inversion of the P wave and a depression of the R wave amplitude, 
indicating local conduction blocks throughout the ventricles. 
This was followed by ventricular fibrillation at 30 mg./kg. or above. 
In this case, a premature contraction was followed by two normal 
beats. This is produced by a complete A-V block of every fourth 
impulse that reaches it from the auricles. 

The effect of higher doses of toxin on the ECG seems to  be inde- 
pendent of the nervous regulation of the heart. 

SUMMARY 

C. polypus (sea anemone) toxin was found to  be toxic to  mice, 

having an LDso of 32 mg./kg. The toxin exhibited a CNS depressant 
property and also reduced the motor activity in mice. The toxin 
produced a transient fall in blood pressure and stimulated the 
isolated guinea pig ileum and rat uterus. All these effects could be 
abolished by atropine sulfate, indicating thereby that the effect on 
the blood pressure and isolated smooth muscles was due to the 
cholinergic stimulation. The toxin in smaller doses did not have 
any effect on the intact or isolated heart, but larger doses caused 
various irregularities of the heart action. This effect was not abol- 
ished by atropine, which indicated that at  higher dose levels the 
toxin acted indirectly on either the cardiac muscles or the conduction 
system. The toxin had little effect on the isolated rat hind quarters 
and the skeletal muscles. 
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