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THE MOTILITY OF THE GASTRO-INTESTINAL TRACT OF ELAS~~:OBBA:NCH 

FISHES 

J. V. V. NICHOLLS 

(Department of Physiology, MaGill University, 
Montreal, Canada) 

GRAFTER I 

INTRODUCTION 

The experimental work embodied in the following thesis 

has been carried out during the last four years and has been 

published from time to time in'varions journals, as each phase 

was brought to eompletion. These experiments were designed 

to investigate the reaction of the gastro-intestinal tract to 

temperature variations, to the aetion of drugs, such as, adrena

line, pilocarpine, ace~lcholine, atropine and ergotoxine, and, 

finally, to sympathetic and parasympathetie nerve stimulation. 

For the last an anatomical, histological and physiological 

study of the vascular supply of the gastro-intestinal tract was 

necessary, because, as will be shown, the sympathetic nerves are 

distributed to the gut by means of periarterial nerve plexuses. 

A careful search of the literature dealing with the 

above subjects uncovers very little, indeed. In regard to the 

effect of temperature variations upon the motility of the gastro

intestinal tract of elasmobranch fishes there is absolutely no-

thing. Little work of a systematic nature has been done on the 

whole group of cold blooded animals. Rlddle (1909) carried out 

some inve.tigations on the rate of digestion at different tem-
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peratures, which, however, unfortunately, did not reproduce 

natural conditions very accurately. He measured the stomaoh 

capaoity of various fish, and construoted ~ett'e tubes to cor

respond. These tubes were tilled with different food stuffs 

and placed in the stomachs of the fish under observation. On 

removing the tubes Riddle was able to measure the rate of di

gestion. He came to the conolusion that ttwithin oertain not 

very wide ranges of temperature the rule of van ' t Hof! applies 

to the digestive processes in living cold-blooded vertebrates 

(the average of eight valid temperature coefficients being 

2.62) .n 

Turbin (1925) oonduoted some experiments, again on the 

rate of digestion taken as a whole, using Rana esoulents nnder 

almost normal conditions. Her resQlts are of some value beeaQse 

of the similarity between the frog and the fishes, both being 

polkylothermal vertebrates. She found that both the motility 

of the gastro-intestinal tract and the rate of digestion were in

creased by a rise in temperature, and also that in the frog di

gestIon stopped completely at and below 6°0. She quotes ]leliche 

Supino, who found that the carp dld not digest lts food below a 

temperature of 7.00 0. 

Kenyon (1925) worked out the temperature ooefficients 

of digestlon in representative specles of fish, amphibia, reptiles, 

and mammals. He made extracts of the gastrio and intestinal mu-

cosae, and of the pancreas. He then measured the rate of aotion 

of their contained enzymes on various food stuffs at various tem

peratures. Kenyon conoluded that peptio, tryptic and erlptie 
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digestion were always more rapid at 370 C. than at room temperature. 

The above researches have been dealt with at some length, 

because, while they are of little importance with regard to the 

gastro-intestinal motility of' the elasmobranch, they do have a 

bearing upon oertain experiments described in this thesis whioh 

were designed to show the effect of temperature upon the rate of 

digestion taken as a whole. 

There is more literature, though still soanty. dealing 

with the effect of drugs and autonomic nerve stimUlation upon the 

motility of the gastro-intestinal traot of elasmobranah fishes. 

Dreyer (192B-29) demonstrated the exoitatory effect of adrenaline 

upon isolated strips taken from the ascending limb of the stomach 

and from the spiral valve of the skate. These strips were Im-

mersed in a suItable nutrient solution, namely, Mines', modified 

by adding 0.5 g. Na H 003 per litre of solution. On the other 

hand, he found that pilocarpine and atropine,. even in massive 

doses, had no effect OD either the stomach or the spiral valve. 

Lutz (1931) partially confirmed Dreyer's results. He found 

that adrenaline and extract o. the chromophil tissue of the elas

mobranoh fish he was working on caused a marked inorease of tone 

and sometimes of motility of all parts of the stomaoh, but that 

these substances caused a marked decrease of tone and inhibition 

of motility of the posterior end of the intestine and reotum. 

Stimnlation of the posterior splanohnic nerves, however, gave an 

inorease in the motility of these latter parts. 

Bottazzi (1902) was the first to study the influence of 

vagal and sympathetic nerve stimUlation on the motility of the 

gastro-intestinal tract of elaamobranch fishes. He found that 
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both the vagus and sympathetic nerves supplied the stomach with 

motor nerves, and that no inhibitory effect could be detected 

when either of these nerves was stimulated. Moreover, stimula

tion of the sympathetic nerves after stimulation of the vagus a1-

wawa increased the contractions of the stomach. He obtained the 

same results with the spiral intestine. However, stimulation ot 

the vagus or sympathetic nerves did not stimulate the rectum and 

colon, though excitation of the 45th and 48th segments of the 

spiral cord did stimulate those parts, which effect he thought 

took place through a sympathetic nerve outflow from this region 

of the oord. 

MUller and Liljestrand (1918) repeated Bottazzi's work 

and came to the same oonclusions. Lutz's work (1931) is in 

agreement. Babkin and MacKay-Sawyer (personal communication, 

1931) also oonfirmed these findings. They found that by stimu

lating the ooeliac axis contraction of the duodenum was produced, 

but this was not a very oonstant result. Stimulation of the 

superior mesenteric artery produced a strong ring of contraction 

at the lower end of the spiral intestine, which spread about one

third of the way up. 

Drs. B.P~Bablt1n and D.J~ Bowie, with the 8.tl.thor, carried 

out a series of experiments investigating the structure and re

action of the arteries (and conus) in the elasmobranch genus 

Raja. The arteries chiefly studied were those supplying the in

testine. For the sake of completeness these investigations are 

inoluded here. Although the sympathetic innervation of the vas

cular system in elasmobranch fishes is not developed to the same 

degree as in mammals, as shown by Bottazzi (1902), MUller and 
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Ll1jestrand (1918), Isquierdo (1930), Lutz (1930a), it has been 
-

demonstrated (MaoKay~l931) that intravenous injeotion of a small 

dose of adrenaline produces in these animals a very marked and 

sustained rise of arterial blood pressure, lasting from one to 

two-and-a-half hours. Further, stimulation of the skin and vis-

cera of the skate may produce sometimes a depressor reflex (~on, 

1926; Lutz, 1930b), and sometimes a pressor reflex, during which 

the activity of the heart is not markedly changed (MaoKay, 1931). 

It might be supposed that the sympathetic nervous system or chromo-

phl1 bodies participate in this reflex. Since adrenaline produces 

only a moderate augmentation and acceleration of the heart con

tractions in elasmobranchs (Huntsman, 1931), the great and prolonged 

effeet of adrenaline on the bloom pressure is only to a certain 

degree attributable to increased aotivity of the heart. It would 

be natural to explain it by its action on the blood vessels, and 

to attribute its pressor effeot ohief1y to vasoconstriction of the 

arteries and arterio1es. 

However, there are certain facts which stand in the way 

of this explanation. Long ago Schoenlein (1895) doubted the 

existenoe of any innervation of the vascular system in elasmo-

branchs having relation to the heart but not to the blood vessels 

other than the vagus. His opinion was based on indirect proofs, 

such as the absence of Hering~Traube waves, the impossibility of 

changing the tonus of the blood vessels by stimulation of the 

central nervous system, e.g •• through asphyxiation, and so on. 

Ma1ler and Li1jestrand (1918) have little to say concerning the 

innervation of the blood vessels except that all they have seen 

are mere streaks, staining with methylene blue, on the dorsal 

aorta. Like Bottazzi they did not find any sympathetic nerves 
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to the heart. Wyman and Lutz (1932 a and b) observed a long-

sustained pressor effeot in Squalus aoanthus after an intravenous 

injectIon of 2 c.c. of 1:500,000 solution of adrenaline. Since 

the peroentage increase of diasto1ic pressure in the dorsal aorta 

was greater than that in the ventral aorta, they oonc1uded that 

adrenaline produoed vaso-oonstriction peripherally to the gill 

capillaries. They perfused the blood vessels of the spiral 

valve of Squalus acanthus with solutions of adrenaline and ob

served microsoopioally the minute vessels of the tail during the 

inj ection or direct application of adrenaline. J.-O evidence of 

vaso-oonstriction was found in either oase. Therefore, the 

region of adrenaline was not located. 

There fa very little evidence, with the exception of 

the work of Argaud (1908), dealing with the structure or inner

vation of the blood vessels in elasmobranahs. J.Z. Young (1933) 

demonstrated a fine network of nerve flbres, often oontaining 

nerve oe1ls, arotlnd the musoular ooats of the segmental arteries 

and dorsal aorta. 

This work on the struoture and funotion of the arteries 

fits in with, and leads up to a series of experiments carried out 

by the author, which were designed to study the effect of stimu

lation of sympathetic and parasympathetic nerves upon the gastro

intestinal tract of the skate. The method used was that of 

suspending in a suitable nutrient solution a strip of smooth 

musole excised from the gastrO-intestinal traot, in whioh the 

artery or the vagus Derve which supplied the part was preserved. 

This method was first elaborated by Rabinovitch (1928), using 

tissue taken from the oesophagus and stomaoh of the cat. On 

stimulation of the vagus he found that the make or break of a 
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constant current had no stimulatory effeot, but that a single 

induction shock or a faradic stimulation caused contraotion in 

a minority of cases. MeSwiney and Robson (1929b) repeated these 

experiments and found that stimulation of the vagus nerve with 

break shooks or Faradism would cause contraction. This effect 

was abolished by the use of atropine. Later, they extended 

these experiments, stimulating the periarterial sympathetic 

nerves (1929a, 1931), and found that on stimulation of the sym

pathetic nerve supplying strips of muscle from adjoining sections 

of the stomach a contraotion or relaxation was obtained. If the 

muscle relaxed on stimUlation of the nerve with a high faradic 

current, contraction was obtained on decreasing the strength or 

frequency of the eurrent, but if contraction was obtained first 

alteration in the frequency or strength of the current did not 

affect the response. Ergotoxine abolished the motor effect. 

Recently some very interesting work has been oarried 

out by Babkin, Friedman and MacKay-Sawyer on the autonomic in

nervation of the stomach in the skate (in press). They placed 

two balloons in the stomaoh of a skate which had been immobilized 

by section of the spinal cord or by injections of Dial Ciba. 

These balloons were introduoed through two small inoisions in 

the stomach wall, one in the pyloric and one in the fundic por

tion. They were then oonneoted with Mareyts capsules so that 

the oontractions might be ~ecorded. The parasympathetic and 

sympathetic nerves supplying the stomach were stimulated by means 

of a Harvard induction coil. The above mentioned workers found 

that weak stimUlation of various branches of the visceral vagus 

nerve caused only local movement of the stomach, whereas stronger 
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stimulation of the vagus oaused the whole organ to contraot, the 

eontr,otions beginning at the pylorus and running towards the oeso-

phagus. Any effeotive stimulation of the anterior splanohnic 

nerves produced much more powerful contractions than vagus stimu-

lation did, the contractions again running cepha1-ward. ~hey 

also found that the vagus and splanohnic nerves were not antagon

istic in their action on the stomach, as they are in the mammal, 

but are synergetlc. And finally, it was found by them that 

atropine injections stimulated the gastric contractions, and even 

in large doses did not inhibit the ~!feets of sympathetic and 

parasympathetic nerve stimulation. 

A study of function, as embodied in the elasmobranch 

fish, would seem to be of very great importance to anyone wishing 

to solve the eomp1ex physiology of the higher animals such as the 

mammal. For, in such a primitive vertebrate as the elasmobranch 

we can observe the function of a somatic and nervous organisation 

in an early stage of development, before refinements in structure 

and function have been added, as it were. to complicate the pic-

ture. The studies of Chevre1, 1687, Bottazzi, 1902, MUller and 

Li1jestrand, 1918, Young, 1933, and, Babkin, Friedman and ~Vlac.h.ay

Sawyer (in press) have clearly shown the simple structure of the 

autonomic nervous system of the elasmobranch as compared to that 

in the mammal. The experiments of the author, recorded below, 

and those of others, whioh have been discussed above, show that 

its function and its effect upon the gastro-intestinal tract of 

the skate are of a comparatively Simple type. It was on this 

basiS that the material for this thesis was compiled. 
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CHAPTER I1 

METHODS 

The method adopted for the majority of the experiments 

was that of suspending strips of bowel in a suitable nutrient solu-

tion. The solution of Lutz (l930), based upon Smith's (1929) 

chemical analyses of skate blood, was used in the earlier experi

ments, but it was found that better results could be obtained by 

modifying it, namely, by changing the proportions of K and aa ions, 

and by the addition of glucose and monosodium phosphate. The 

actual concentration of the various substances per litre of this 

new solution were;-

16.38 g. of HaC1 

21.6 g. of urea 

0.894 g. of KC1 

1.11 g. of Oa012 

0.378 g. of NaHOO3 

0.06 g. of NaH2P04 

1.0 g. of d. glucose 

The solution was made up before each experiment from conoentrated 

stock solutions, as follows:-

100 ac. of a l6.38~ solution of NaCl per litre of nutrient solution 

100 cc. u n 21.6% It tI urea tf It n t1 u 

15 cc. n n 5·96% tI tt KCl u n tt n n 

10 cc. n n 11.10% tt U CaC12 n tI u ft tt 

4·5 ac. tt n 8.40% It n NaHC03 tt t1 n tl tt 

1.0 tI tt 6.0 % u It NaH2P64 11 
f1 n ~, n It cc. 

10 ac. u It 10.0 % n tI d.gluaose u tt rt It U 
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FI8l9IU!l1.- Diagram of the skate's stomach and upper part of the intestine. A-cardia ; 
B- fundus; C- antrum ; D- pyloric canal; E- pyloric sphincter ; F- duodenum . 
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F I 8 lHlii l.-DiFlgram of the spiral intestine. A, pyloric sphincter; B, duodenal or upper end of 
the spiral intestine ; C, 10\\ er end of the spiral intestine; D, colon; E, rectum . 
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The resulting solution had a pH.7.8, which is only slightly more 

alkaline than the blood plasma of the skate. For instance, the 

pH. of the blood plasma of Raja diaphanea is 7.26, and that of 

Raja stabul&foris 7.21 to 7.63, according to the figures of Smith 

(1929). 

The above stoak solutions were kept on hand, except the 

gluoose solution, which was made up each day.* 

The prooedure of obtaining tissue varied a little accord

ing to which part of the gastro-intestinal tract was to be inves-

tigated. In all experiments a skate that had been starved for 

several days was taken, and the spinal cord was divided in the 

region of the medulla oblongata. The abdomen was then quickly 

opened. In the investigations on the stomach, the Whole organ 

was excised, washed inside and out with saline, and placed in 

ice-cold saline for several minutes. Then the muscular layer of 

the whole stomach was removed, without puncturing the mucosa. If 

this Is done gently, the mucosa comes away quite easily with very 

little damage to the muscular tissue. It was found necessary to 

use the muscular layer alone, since foreign substances in the mu-

cosa contaminated the preparation, and also autodigestion took 

place, inactivating the m.uscle within a few hours after setting 

up. Strips, 2 cm. x 0.5 cm., were then eut off this muscular 

layer that had been disseoted away, in such a manner that the con

tractions of the circular layer would be most prominent in the re-

* (Baker and Adamson's preparations of NaOl, NaHC03' NaH2P04.4H20 
and d. glucose, and Merck and Company's preparations of 
CaCI2.6H20, KCl and urea were used). 
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carding. 

Two suoh strips were then set up in the same bath con

taining 100 6.C. of saline at a temper~ture of about 120 0. This 

has the double advantage that one strip acts as a control against 

the other, and that it is possible to compare two different parts 

of the same stomach under exactly similar conditions. The lower 

end of eaoh strip was fixed and its upper end attached to a light 

lever of the frontal drawing type (Evans, 1919), which (with a 

magnification of 8) drew a graphic record of the spontaneous con-

tractions on an extremely slowly revolving drwm. .A thermometer 

reading to one-tenth of a degree centigrade was then placed in 

this bath, for the purpose of recording the temperature of the 

solution. The bath containing the prepara~ions was then sur

rounded with another bath containing water, the temperature of 

which could be varied, and thus the temperature of the prepara

tions in the inner bath could be oontrolled. Throughout the 

whole experiment the saline in the inner bath was aerated by 

water-washed air slowly bubbling from a jet with a small aperture. 

This procedure of obtaining tissue was not applicable in 

the spiral valve, spiral intestine, colon and reotnm as the muscu

lar ooats could not be separated from the mucosa without consider

able injury. Oonsequently, a ligature was tied just above the 

upper end of the spiral intestine and another as far down the 

rectum as possible. The section of intestine marked off by these 

ligatures was then removed and plaoed in ice-cold nutrient saline 

in order to minimize the shock consequent on this procedure. Then 

strips were cut off carefully from the desired section of the in-
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testine in a circular manner, in order that the contractions 

of the oircular layer of muscle might be predominant in the re

cordings. The strips thus obtained were passed through several 

changes 0f iee-cold nutrient saline in order to wash them thor

oughly. Tw.o such strips were then plaoed in a bath containing 

nutrient saline at about 120 0. The rest of the procedure was 

the same as mentioned above for the stomaoh. By these means 

very eonstant results were obtained, the spontaneous contraotions 

starting within an hour or two. 

Photograph showing the general arrangement of the 

apparatus as used in the experiments on isolated strips taken 

from the gastro-intestinal tract. 
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In all the experiments carried out to determine 

the effect of temperature variations upon the motility of 

the gastro-intestinal traot a standard procedure was foll-

owed. As soon ae the spontaneous contraotions were est-

ablished in the strips of stomach or intestine in the bath 
~.O 

at lL a., the temperature was slowly lowered to just below 

that pOint at which contraotions oould no longer be observ-

ed, and Was then allowed to rise slowly during about seven 

hours to the upper limit at which contractions occurred. 

For these experiments the Raja diaphanes and Raja erinaoea -
alone were used. In this way the ef~ect of temperature 

upon the oardiac,fundic and antral regions of the greater 

and lesser curvatures and the pyloric sphincter of the 

stomaoh, upon the upfier and lower ends 01" the spiral in-

testine and valve, oolon and reotum was inveetigated. 

Besides the above experiments, several others 

were oarried out to determine the effect of temperature 

variations upon digestion as a whole. £or these the skate 

was not used but a small fish belonging to the large group 

of Teleosts, the ,E1undulus heterocli tus. This fish was 

chosen for the purposes of this study for two main reasons; 

first, beoause of its great hardiness (it can be kept out 

of water for short intervals, and can be handled without 

ill effects); secondly, because its digestive processes 

are simpler than those 01 the higher vertebrates (Babltin 

and Bowle 19~j). Fundulus has no stomach, and, there-

fore, is devoid of peptic glands; also, its digestion is 

entirely alkaline, and the oomplicating factor of acid 



--14--

control of the pyloric sphinoter is absent. 

obtained from Birch oove, St. Andrews, N.B. 

The fish were 

~ 

The lowest temperature at which any experiment was con-

ducted was 500., at which point there is no digestion. The 

highest temperature was 29.5°0., at which point the fish were 

greatly weakened. One experiment was oarried out at 35°0., 

but four out of the five fishes concerned died within fifty 

minutes. Oonsequently, it was not considered desirable to em-

ploy a temperature higher than 29.500. 

In the oase of temperatures between 150 and 17.5°0., 

no special means were used to maintain the water in which the 

fish were kept at a constant temperature. Each fish was plaoed 

in a hatchery jar filled with sea-water, and the temperature of 

the water, which depended on that of the surrounding air, was 

noted. The jars were then placed in a cool dark place, so as 

to avoid great variations of temperature during the course of 

the experiment. 

For low temperatures, that is, between 5° and 1400., the 

fish were plaoed in a hatohery jar whioh stood in a tin vessel 

filled with water, the temperature of whioh could be varied as 

desired. This, in turn, was placed within a wooden box lined 

with eork, and the whole within a seoond wooden box. By this 

arrangement the temperature of the fish could be maintained for 

twenty-fours hours within the range of one degree. 

For high temperatures the hatohery jar oontaining the 

fish was plaoed in an inoubator thermostatioally oontrolled at 

the desired pOint. 
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In order that the water might be adequately ventilated, 

air was continually bubbled through it from two jets having 

small apertures. By these contrivances very constant tempera

tures could be obtained. 

The actual procedure followed in each experiment was 

arrived at after a large number of preliminary tests, and was de

signed to reproduce as nearly as possible normal conditions. 

Fishes ranging in size from 7 to 10 centimetres were segregated 

in a perfectly elean aquarium. 4 • They were then starved for from 

three to five days. Twenty-four hours before feeding, the four 

or five fishes to be used were removed and each was placed in its 

own hatchery jar filled with clean water, the temperature of which 

was anywhere between 150 and 190 0. The jars were kept in the 

dark, for it was found that light excited the fish and they would 

not eat when desired. On the day fixed for the experiment about 

140 mg. of the mantle of clams were added to each jar, an amount 

practioally equal to the capacity of the duodenum. This sub

stance was found, after many triaJ.s, to be the most suitable ;food. 

In almost every case the fish ate it almost at onae. The ,time 

at which it did 80 was carefully noted. If the experiment were 

to be carried out at ordinary temperatures the fish was left 

where it was. If it ware a low temperature experiment the fish 

was immediately transferred to a hatchery jar in which the water 

had previously been cooled to the desired pOint. If it were a 

very high temperature experiment the flsh was transferred for a 

few minutes to water at a temperature half w~ between that at 

which the experiment was to be 00 nduated and that at which it was 
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fed. Then it was placed in the very warm water. In the case 

of an experiment at a moderately high temperature the fish was 

transferred immediately. 

At eertain intervals after feeding (2, 3, 4, or 5 honrs, 

ete.) one fish was removed and its duodenal contents aspirated 

with a small pipette, the fish being kept in the air during the 

operation. ~he time of each aspiration was noted, as welL as 

the presence or absenae of clam and bile. The pH of the aspi-

rate in eaah case was determined by the ~6 D. H. aapillator 

method. If nothing, or only a small amount, could be aspirated, 

the duodenum was washed out with two or three drops of distilled 

water and the pH of the rinsing asoertained. 

As has already been stated, digestion in Fundulns is 

carried out in an alkaline medium. During digestion the pH of 

the duodenal oontents- may be as high as 9.0, but in a starving 

fish average about 7.8, though the figure may sink as low as 7.4. 

Therefore, by taking these readings it is possible to tell when 

the duodenum is empty and when secretion of the digestive fluids 

subsi des. 

After each fish had had its duodenal contents aspirated, 

the experiment, so far as it was concerned, was finished. The 

fish was then placed in a perfectly clean aquarium and allowed 

to reat for three or four days before being used again. 

The following are possible errors in the method employed 

which could affect the results. 

1. Individual variations in the rate of digestion might 

be expeoted among the fish employed. These variations, such as 

they were, did not see-m to ha i t d ve n ro UQed any appreciable error. 
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2. Fishes that had been used for a number of experi

ments showed evidenoes of developing condi tioned reflexes. ]'or 

example, when the hand was passed over the aquarium, as was done 

when feeding them, the fish rose to the surface and opened their 

mouths. In the one or two instanees in which this ocourred the 

fish digested their food in a slightly shorter time, but not so 

marktldly as to introduoe any serious error. Such f1 ah were no t 

used again. 

3. As has been stated above, in the oase of high and 

low temperature experiments the fish were fed'at about 17.00 0., 

and were then transferred immedia tely to warm or cold water, as 

the case might be. T-his procedure wa.s found necessary as the 

feeding was hard to control unless oarried out at temperatures 

between 130 and 19°0. However, it was found by experiment 

that the time neoessary for the temperature of the fishes to 

rise or fall to that of the new environment oaused only a negli

gible error. The body temperature of a fish (A) that had been 

kept in water at ~.70C., for some time was obtained by passing 

a fine thermometer down the oesophagns into the duodenum, it 

proved to be 15.10 0. The fish was then transferred to water 

at 30.10 C. A second fish (B) which had been kept in water at 

16.90 a., registered a body temperature of 17.00 0., and was then 

placed in water at 11.700. In each ease the change of body 

temperature was taken at intervals of one minute. 

are given in the rol1owing table on page 18. 

The results 
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Tlme in mJnu.tes Fish A Fish B 
(ini tial. temp. 15 .10C.) (ini tial temp. 11°0.) 

-

1 

2 20.;00 0. 15·~loa. 

3 23·5 14·1 

4 25.0 1(.2 

5 25.9 14·0 
-- -

6 26.8 13.6 

; 27.2 13.3 

8 21.6 13·1 

9 28.0' 12.9 

10 28.2 12.7 
-. 

11 28·5 12.6 
. 

12 28.8 12·5 

13 29.0 12.3 

14- 29.1 12.2 

15 29.2 12.2 

16 29.4- 12.2 

17 29.6 12.2 

18:. 29.7 • • • • 

19 29.7 • ••• 

20 29.7 • ••• 

From thls 1 t ean be~'seen that the tempetatc.re of the 

fish, u.nder the given conditions, rises or falls rather marked

ly during the first five or six minutes, and practical equl1i-
-,' 

brium Is reached in eighteen and fourteen minutes respectively. 
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4. In drawing conolusions from these experiments it 

was assumed that the body temperature of the fish was the same 
'/ 

as that of the water. This is not quite the case. The above 

table shows that there is a differenoe of 0.40 and 0.50C • This 

error is BO slight as to be negligible. 

Finally to complete the picture of temperature relation-

ships, several experiments were carried out to determine the sur

vival 1t.ime at different temperatures of the tissue removed from 

the gastro-intestinal tract of the skate. Again the species 

Raja diaphanes and Raja erinaaea alone were used, and again the 

method of using isolated strips of gastric muscle in a suitable 

nutrient Bolutlon\~as.employed. 

Three series of experiments were carried out. In the 

first of the se, several strip's 0 f musale from the antral regIon 

of the stomach of a skate which had been starved for fo ur or 

five days wer,e plaeed in nutrient saline. In one case the 

tissue thus prepared was kept at OOC., in others at 500., 100 0., 

Eaoh day strips of muscle were 

removed and tested for spontaneous contractions at a temperature 

of 1200. 

In another series several fish which had been starved 

for four to five days were taken and immobilized by section of 

the spinal cord just below the medulla. One set of fish thus 

treated was kept at 5°C. and others at 100e., 1500. and 200 c. 

respectively. Each day one fish was removed and strips of 

gastriC muscle from the region of the antrum were tested for 

spontaneous oontractions at 120 0. 

A final series of experiments exaotly similar to the 
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above was carried out, only fish freshly caught being used 

instead of fish that had been starved for four or five days. 

The strips of tissue prepared aooording to the above 

three methods were placed in nutrient saline at about 1200. and 

tested for the existence of spontaneous contractions, or other 

signs of viability, and their reaotion to suoh drugs as adrena

line and pilocarpine. When such a strip gave no spontaneous 

contraotions, tonal changes, no r reaction to drugs, it was ad

judged dead. By these methods it was possible to estimate 

with some degree of accuracy the survival time of the tissue 

when kept under dif~erent temperature oonditions. 

The ef~eet of certain drugs upon the oardia, pyloric 

sphinoter, the fundia and antral regions of the greater and 

lesser ourvatures of the stomaoh, upon the spiral valve, spiral 

intestine, 00 Ion and rectum, were also investigated. The iso

lated intestine preparation was used, the temperature of whioh 

was ma~ntained between 12°0. and 13°0. Solutions of the drug 

to be used in distilled water were placed direotly in the 100 c.o. 

at saline bathing the strip of tissue. In this way the effects 

of adrenaline, ergotoxine, pilooarpine, acetyloholine and atro

pine were determined. Fresh solutions, of 0.1 per cent conaen

tration of atropine sulphate, pilocarpine nitrate, acetyloholine 

and ergotoxine phosphate in distilled water were used. A 1 in 

1000 solution of adrenaline chloride (Parke, Davis and Co.) was 

used as a source of adrenaline. In the majority of oases 

0.4 o.c. of each of these was used, exoept in the caae::-'of acetyl

oholine and ergotoxine where rather larger doses were used. In 
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other words the final. concen trati on in the. bath of adrenaline., 

atropine and pIlocarpine was usually 1:250,000, while that of 

acetylcholine and ergotoxine was rather greater. In the experi-

menta dealing with all the drugs except ergotoxine, the species 

Raja diaphanes and Raja erinaeea alone were used; Raja maoulata 

was used in case of the latter drug.* 

The structure and reactions of the arteries of elasmo-

branch fishes were also investlgated.** These experiments were 

performed on the ventral aorta, ooeliac artery, superior mesen-

teric artery, anterior intestinal artery, as well as on the conus 

arteriosus. The species Raja diaphanes and Raja stabuldforis 

alone were used. Healthy specimens of these species, kept for 

several days in aquaria were immobilized by section of the spinal 

cord below the medull~. The blood vessels were excised, care 

being taken not to contaminate them with the mucous secret~on of 

the skiD, nor to distend them during the operation of remo~al. 

They were placed immediately in ioe-cold nutrient saline (Vide 

supra) • 

After one hollI' er more, acoording to the IJarticular 

plan of each experiment, the blood vessels were prepared for ac-

*(This was rendered necessary as the experiments dealing with the 
action of ergotoxine were carried out at Plymouth, England; 
whereas the other experiments were carried out at st. Andrews, 
N.B.). 

**(Thls work was carried out by Drs. B.E. Babkin, D.J. Bowie 
amd ~self -- Dr. Bowle doing the histological part of the in
vestigation) • 
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tual expe~imentatian. All loose tissue surrounding the ve.sel 

was removed. In order to investigate the ~eaction of the longi-

tudinal layer of an artery to different stimuli, a piece of ar

tery 8 to 16 cm. long was set up in a large glass test-tube con

taining 100 to 200 0.0. of the above mentioned saline at a tem

perature of 100 to 12°C. ~he lower end of the artery was fixed 

and its upper end was attached to the short arm of a very light 

lever. 

The contractions of the circular layer of these arteries 

could not be investigated by the method usually employed for 

mammalian arteries, i.e., by suspending a single ring cut from 

the artery and registering its movements. The arteries even 

in Raja stabullforiB are smaller and their muscles weaker than in 

mammals. To obviate this difficulty a chain of 8 to 10 rings or 
artery, each about t cm. wide. tied together with fine silk thread, 

was set up in the bath in the same manner as the longitudinal 

pieces of artery mentioned above. This preparation gave quite a 

marked contraction. Experiments were also made on a single 

ring cut from the proximal o~ distal part of the conus a~terio-

sus or ventral aorta. In order to load the a~teries or the 

conus arteriosus riders of different weight were plaeed on the 

long arm of the lever at different tiatenees from its fulcrum. 

The bath containing the preparation was placed in another bath 

containing water, the temperatu~e of Which was kept at a SUit

able level. The saline in the inner bath was continuously 

aerated by the bubbling through of water-washed air. 

Finally, experiments were carried out to determine the 
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effect of sympathetic and parasympathetIc nerve stimQlation upon 

the motility of the gastro-intestInal tract. It was decided 

to adopt the method of jabinovitch (l928, vide supra), with cer-

tain modifications. The excised strips of intestine or stomach, 

obtained as described above, with the artery or nerve attached, 

were immersed in the nutrient solution mentioned above. 

In the experiments dealing wi th the sympathetic innerva

tion to these parts, the artery supplying the part In question 

was earefu.lly di sseoted out for as much of its length as po 8s-i ble, 

one end being left attached to the strip of muscle. In the case 

of strips of muscle from the greater curvature of the stomach 

3 or 4 cm. of the gastro-panoreatIoo-duodenal artery were thus 

left attached, while with strips from the lesser ourvature the 

anterior gastric branch of the coeliac axis was left attached. 

Similarly, the sQperior mesenterie was left for strips from the 

spttal intestine and colon and the inferior mesenterio for strips 

from the rectum. For the purpose of stimulating the artery a 

Dubois-Reymond induction coil was used. A 2-volt acawmulator 

wl th a make and break key wem placed in the primary circui t and 

a short oircui ting key in the sec.ondary circa! t. The secondary 

ourrent was carried to the artery, which was held clear of the 

solution bathing the strip by means of conventional small eleo-

trodes. Thus the artery could be stimulated with a single or 

multiple break induction current or faradioally. 

T'he experiments on the effeot of vagal stimUlation were 

restrioted to the oardiac and upper fundal regions of the s$omach 

as both vagi nerves in the skate break up into small branches at 
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the lower end of the oesophagus. But with some difriculty it 

was possible to dissect out 2 or 3 cm. of the nerve attached at 

its dietal end to ciroular strips of muscle from the fundus and 

cardia. The nerve was stimulated in the same way as the artery. 

The rest of the prooedure of setting up the excised 

strips of muscle and recoriing their contraotions was exaotly 

similar to that employed in the above-mentioned experiments. 

The species Raja maculata alone was used, exoept in two or three 

cases, noted in the text, where Raja ~ was used. 

Before Closing this chapter it should be mentioned that 

the nomenolature of Daniel (1928) is followed throughout. 
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CHAPTER III 

RESULTS 

SECTION I 

lT~ERATURE RELATIONSHIPS 

The effect of temperature variations upon the motility 

of the oardiac, fundic and antral regions of the greater and 

lesser curvatures, the pyloric sphincter of the stomach, of the 

upper and lower ends of the spiral valve and spiral intestine, 

colon and rectum was determined. 

OARDIA 

For the study of this part strips of muscle were taken 

from the area where the oesophagus and stomach meet. Contrac

tions are obtained in the majority of cases, but are as a rule 

irregular, appearing in groups. They begin between 7° and 80 0. 

as mere waves, but aa the temperature is increased they beoome 

more frequent and powerful, the tracings showing broad waves 

with rounded tops. These waves usually have irregular ampli

tudes. At 19.00 0. the contractions become irregular in shape, 

s number of them showing several peaks. Above this temperature 

they become weaker and very irregular and finally cease at about 

24.5°0. As the temperature is raised there is very little change 

in tonus, except for an even and very gradual relaxation. The 

contractions are so irregular that an accurate count throughout 

the temperature range cannot be made. 

THE BODY OF THE STOUACH 

The characters of the contractions of the fandlc and 
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antral regions of the greater and lesser curvatures are essen

tially the same, except for the rate and the lowest temperature 

at which oontractions exist. starting at the lower temperature 

limit, the contractions begin as mere undulations which increase 
. 

in rate and strength as the temperature is raised. Between the 

temperatures 80 0. and 1400. t~e greatest amplitudes occur, with 

a maximum height of oontraction at about 12°0. Above 14°0. the 

contractions gradually decrease in strength hut increase in rate 

and maintain great regularity of rhytha. From 20°0. to about 
o 24.5 c. they become slower, much weaker, more irregUlar and fi-

nally cease at about the latter temperature. This upper limit 

of temperature at which oontractions cease is remarkabl7 con

stant for all parts of the stomach, at about 24.5°0. If the 

temperature be allowed to fall from this upper temperature limit, 

oontractions will be restored in the majority of instanoes. 

These contractions, as a rule, are slow and irregular in rhythm 

and amplitude. Within a short time they usually become weaker 

and finally cease altogether. The lower temperature limit 

varies for different parts of the stomach; for the fundus it is 

3.00 to 5.5°0 •• and for the antrrum 1.50 to 4.0°0. 

Often between 8°c. and 15°0. a definite rhythmiC Varia

tion is seen in the height of the contractions, but never is 

there any suoh variation in the base line. There is merely a 

slow and gradual relaxation as the temperature is raised. It 

is doubtful whether this should be conSidered as a tonic change; 

rather it should be oonsidered as a gradual stretohing. 
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I min. . 1;S.7"C. . . . -. _ 

A 

, m;It, 13.S·C. . 

B 

C 
Yl"i';R;ii ~ A-record ho\\"ing the normal contraction of cardia at 12.7° ,; B- record sho\\"ing 

the normal contractions of the antral region of the greater curvature at 13.5° C, 
The antra l region of the les er curvature and the fundic region of both curyatures 
have the same type of contraction; - record sho\\"ing the normal contractions of 
the pyloric sphincter at 13.5° . 

PYLORIC SPHINCTER 

The contractions here are very similar in charaeter 

to those of the body. The contractions start between 1.5°C• 

and 3.00C. and cease at about 24.5°C• They differ from those 

of the body in that they are faster, that weakness first appears 

at about 16° to 17°0., and that there is very little periodic 

variation in the amplitudes between 8°0. and 14°0., but rather 
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a gradual and irregular inorease in height, which re_ahes a 

maximum at about 12°c. and then gradually' decreases. 

By the method of setting up the preparations, where 

two strips from different parts of the stomach are immersed in 

the same bath, it was possible to compare the rates of contrao

tion of various parts of the same s'omach under exactly the same 

oonditions. The results of five experiments are reproduced in 

the table on page 29. From these it can be seen that the py

loric sphincter contraots the fastest; then in order of deoreas

ing rate the lesser ourvature region of the antrum and fundus, 

the fundic region of the greater curvature, and the central re

gion of the greater curvature. The figures denotlng the rate 

of oontraction of the cardia in the table on page 29 should not 

be taken as strictly acourate; they merely indicate the slow 

rate of contraction of this area. 

SPIRAL INTESTINE 

Into the upper end of the spiral intestine the pan

creatic and common bile ducts empty; hence this part is often 

referred to as the duodenum. Experiments were carried out to 

show the effect of temperature variations on ciroular strips cut 

from this part and from the lower end. 

DUODENUM 

Contractions start at about 3°0. as mere faint, ixregu-

lar undulations. As the temperature is raised, these beoome 

more regular and of greater amplitude, which characteristics are 

most evident at 10°0. Above' this temperature the oontractions 

decrease gradually in amplitude. At 17°C. the rhythm and ampli-

tude become irregular and oontractions cease at about 2400. 



[miP. 
in 
oC. 

2.0 

3.6 

~.o 

6.5 

8.1 

9.6 

11.0 

12.5 

14-.0 

15·5 

17.0 

18.5 

20.0 

21·5 

23.0 

~3.9 

24.1 
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The rate of contraction of different parts of t he skate's 
stomach at different temperatures. 

Exp.22 Exp. 13 Exp. 8 

Rate! Rate! '.l!emp. Ratel Hate! Temp. Rate-l l.ttatel 
min.in min.in in min.in min.in in min.in min.in 
pyloric fundus 0" . fundus antrum °a. fundus fundus 
sph. L.C. G.C. G.C. G.C. L.C. 

irreg. - 1.4- ~- 0.70 3.0 0.46 0·54 

0.67 0.62 2.4- - 0.71 ~.o 0·50 0·56 

0.70 0.64 3.3 - 0.83 e.5 0.64 irr-eg. 

0.80 0·71 5·1 irr-eg. 0.83 7·7 0.67 0.75 

0.89 0.81 6.1 1.00 1.00 8.7 0·71 0.78 

1.17 0.92 7·3 1.16 1.14 9·5 0.78 0.80 

1.44 1.13 8.5 1.25 1.25 10·7 0.80 0.86 

1·58 1.29 9.3 1.33 1.25 11·5 0.82 0.93 

1.63 1.38 11.0 1·40 1.29 12·5 0.95 1.00 

1.71 irr-eg. 12..0 1.44 1.44 13.5 1.14 1~00 

1.60 1.43 13·5 1.65 1·50 14·7 irreg. 1.14 

1.44 1·50 14-.9 1.83 1.63 15·5 1.11 1.25 

1.50 1.60 16.5 2.00 1.75 16.5 1.22 1.36 

irreg. irreg. 18.0 2.13 1.83 17·5 1.29 1.30 

irrag. irreg. 19·7 2.17 1.91 18.5 1.33 1.50 

- 1rreg. 21.0 2.22 1.90 19·5 1.50 1.60 

- - 22.5 2.50 1rreg. 20.7 1.40 1.833 

23.9 2.55 - 21.9 1.43 2.00 

25.0 - - 22·5 1xxeg. 1xreg. 

23.5 irreg. 1rreg. 

24.3 - -
Note; G.C. means Greater Curvature 

L.O. means Lesser Curvature 

Exp. 19 Exp. 15 

Temp. Hate! Eate{ Temp. Hate! Ratel 
in min.in min.in in min.in min.in 

°C. fundus antrum oC. pylorio cardia 
L.C. L.C. sph. 

~.J. - 1rreg. 
5.5 0.64 0.62 3.2 0.80 -
7.0 0.80 0.80 4.4- 0.82 -
8.5 0.83 0.85 5·6 0.90 -
9·5 0.93 0.92 6.8 1.25 -

11.0 1.00 1.00 8.1 1·50 -
12.5 . 1.21 1.20 9.4 1.71 irreg. 

14.0 1.25 1.25 10.6 1.82 irr-eg. 

15·5 1.38 1.36 11.7 1.67 0.70 

17·0 1·50 irreg. 13.0 1.89 0.88 

18.5 1·55 1·57 14·5 2.00 irreg. 

20.0 1.36 1.38 15.8 1.64 irreg. 

21·5 1.40 irreg. 17.0 1·50 0.72 

22.1 1.25 irreg. 18.3 1·50 0.7/l 

23.5 irreg. 1rreg. 20.0 1.35 0.62 

24.5 - - 20.4 irr-eg. 0.64 

22.1 irreg. 0.60 

23.9 - ixr-eg. 

24.2 - -
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LOWER END 

The above characteristics are true of this part also. 

The table on p"age 31 shows the rela.tion of temperature to rate. 

S?IRAL VALVE 

Experiments were carried out showing the effect of 

temperature variations on the contractions of circularly out 

strips taken from the upper or duodenal end and the lower end 

of the spiral valve. 

Contractions start at about 3.00 C. as undulations of re

gular low amplitude and regular rhythm. The amplitude gradually 

increases and reaches a~'"maximum at about 12°0. a.nd then gradually 

decreases until contractions cease at about 24°0. Throughout 

the temperature range a remarkable regularity o£ rhythm is pre

served. The table on page 31 shows the relation of rate to 

temperature. 

COLON AND RECTUM 

These two sections of the intestine are dealt with toge-

ther, since they are so similar in many respects. They both axe 

remarkably distensile -- when contracted the outer diameter is 

about equal to that of a penoil, when dilated it is about equal 

to that of a walnut. Further, they both are very sensitive to 

meohanical stimUlation such as pinching or stretchIng, reacting 

to snoh stimuli by contracting powerfUlly. At no time on opening 

a fish were peristaltIo contractions observed. both reotum and 

colon were entlrely dilated or contraoted. 

Circularly excised strips of colon and rect~~ do not show 

rhythmic contraotions but merely spontaneous spasmodic contrac-
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R81ation of rate eontractlon of spiral intestine to 
temperature ln Raja 

~emperature 

in °C. 

3.0 

t·2 
• 0 

7·5 
9.0 

lD>·5 
12.0 
13·5 
15·0 
17.0 
19.0 
21.0 
23.0 

Rate/min. 
Duodenal end 

irre~. 
o • 
1.0 
1.16 
1.48 
I·M I.' 9 
1.15 

irreg. 
tt 

n -
u 

-..' -
cease 

Rate/min. 
Lower end 

irreg. 
o. 
1.0 
1.11 
1.45 
1·43 
1.2~ 
1.l

f 

irreg. 
u 
It -
It 

..... 

cease 

Relation of rate of oontra~tion of spiral valve to 
temperature in Raja. 

Tempergture 
in C. 

3.0 
5.0 
7·0 
9.0 

11.0 
13.0 
15·0 
11·0 
19.0 
21.0 
~3.0 
24.0 

Rate/min. 
Duodenal end 

0·40 
0·50 
0.71 
0.78 
1.09 
1.30 
1.40 
1.40 
1.~O 
1. 0 

lrreg. 
cease 

Rate/min. 
Lower end 

irreg. 
0.40 
0·50 
0.~7 o. 7 
0·75 
1.00 
1.00 
0.88 
0.80 

irreg. 
cease 
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tions which at 100e. recurr4d about every half hour. The in-

terval between these contractions varies greatly fro~ fish to 

fish, but in general it becomes somewhat shortened on a rise in 

temperature. These eontractions start at about 3.0°0. as round-

topped waves of great amplitude and of about two minutes' dura-

tion. As the temperature is raised the amplitude increases and 

the duration of the contraction becomes much shorter; at 100e. it 

ie about one-third of a minute. Above 12°0. the amplitude de-

creases and contractions cease at about 24°0. 

A B 

c 

YHiKliIIs ~. A, normal contractions of upper end of spiral intestine at 1O.5°e.; B, normal con
tractions of lower end of spiral valve at ll.O°e.; C, normal contractions of rectum at 11.O°e. 
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Thus it can be seen that throughout the gastro-intes

tinal tract of the skate a rise of temperature within certain 

limits causes an increase of the spontaneous rhythm. 

A series of experiments was carried out on Fundulus 

heteroalitus to determine the effect of temperature variations 

upon the rate of dlgestion taken as a whole. These experiments, 

strictly speaking, have no place in a paper dealing with an elas-

mobranch fish like the skate. However, they are included here 

since it is believed they will round out somewhat the picture 'of 

temperature relations. The following may be taken as a typioal 

experiment. 

Exp. XLI. ~ugust 1, 1930. 

Four fishes were used; temperature during feeding, 18.10 C •• 

temperature after feeding and throughout the course of the experi-
.. [ 0 

me nt, LL. 5 Q.. 

Time Fish Contents of stomach pH 
.-

A ~ .-
9.27 to B Eaoh fed with about l~O mg. of clam ~lam had 
9.33 a.m. e ~ ·'li of r P 

D p·5 -- .. 
3.00 p.m. A Nothing was brought up, but on washing 

with distil~ed water, a minute amount 8.0 of clam and bile was obtained. 
(Interval, 5i hrs.) 

3.20 p.m. B About It drops of bile and no clam were 
obtained; on washing with disti11ed 

8.8 water nothing more was removed. 
(Interval, 6 hrs.) 

4.00 p.m. C Nothing was obtained. On washing out with 
distilled water only a very small amount 8.6 
of blle was removed. (Interval,6t hrs.) 

4.30 p.m. D Nothing was obtained either be~ore or 
after washing out. (Interval, 7 hrs.) 7.6 
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The time required for the completion of duodenal di

gestion was here estimated to be 63 hours. 
'T 

On following the same procedure some thirty relation-

ships were established. See table on page 35. 

These results have been plotted according to the l'ormu-

la of Arrhenius. Thus, log K.. x 102 against 1.. , where K is the 
~o 

K has been multiplied rate and T is the absolute temperature. 

2 by 10 in order to obtain a positive logarithm. The table on 

page 35 shows that wi th a ri se of temperature the time of' diges-

tion is decreased. 

There are at least three reasons why the rate of diges

tion should be inoreased by elevation or temperature. 

1. With a rise in temperature there is probably an in-

oreased secretion of the digestive fluids. It is dif~icult to 

prove this in small fish, but it is logical to suppose it to be 

the case, sinee it is known that a rise in temperature acc.ele-

rates a large number of physiologioal processes. 

2. A rise in temperature increases the action of en-

zymes, as has been shown by several workers. To veri1'y this, 

special experiments were carried out on the activity oi' lipase, 

obtained from the du04enum of: ]lundull, at 28.00 and 15.8°c., 

respectively. 

A oream substrate was made up as follows. Some fresh 

cream was balled and then diluted with an equal quantity of dis-

tilled water. Two samples of 10 ca. each were then taken and 

three drops of toluene were added to each. In each sample, also, 

were plaoed seven drops of the pooled intestinal contents from 
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Rate of digestion in Fundulus heteroa1itus under different 
temperature eonditions. 

No. ot Temp. in ~ime in Rate (K) Log. K x 102 I 
-0 

exp. deg. C. hrs. T 

37 29·5 3 0.3333 1·5228' 0.003306 
38 29·5 3 0.3333 1·5228 0.003306 
55 28.0 3t 0.2857 1·4559 0.003322 
57 28.0 3i 0.3077 1.4881 0.003322 
49 27.0 4 0.2500 1.3979 0.003333 
59 26.0 4t 0.2222 1.3468 0.003341 
35 24.5 51 0.1905 1.)799 0.003)61 
36 24·5 51 0.1905 1.2799 0.003361 
--. 

60 23.4 ~-, 0.1731 1.2382 0.003374 
40 22.5 q.1481 1.17°6 0.003384 

6i 41 22·5 0.1540 1.1875 0.003384 
46 21.5 ~ 0:'1481 1.17°6 0.003396 
-.... 

61 21.0 6t 0.1540 1.1875 0.003402 
62 20.0 7 0.1428 1.1547 0.003413 -

65 19.1 7-1 0.1379 1.1396 0.003423 
32 18.7 7 0 •. 1428 1.1547 0.003428 
30 18.5 7i 0.1379 1.1396 0.003431 
31 17.4 7t 0.1333 1.1249 0.003444 
34 16.5 8i 0.1212 1.0835 0.003454 
19 15·5 Si 0.1176 1.0705 0.003467 
24 15.3 Si 0.1143 1.05fJ9 0.003469 
22 15·1 at 0.1176 1.0705 0.003471 

--

66 14.0 9 0.111~ 1.0457 0.003484 
.. 17 13.7 91 0.1081 1.0338 0.003488 

48 12.8 10 0.1000 1.0000 0.003499 
51 12.1 lot 0.0976 0.9939 0.003508 
42 9.8 12+ • • • • • • • • • • • • 0.003536 
43 9.8 15t 0.0645 0.8096 0.003536 
50 9.0 15i+ • • • • • • • • • • • • • • • • • • • • 
45 5.8 26ft • ••••• • ••••• • ••••••• 
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several Fundull that had been fed with olam about one and one-

half hours previously. One preparation was maintained at a 

constant temperature of 28.00 and the other at 15.8°0. At in-

tervals of one hour one cublo centimetre was removed from eaoh 

and titrated with 0.2 normal sodinm hydroxide solution, using 

phenolsulphonphthalein as an indicator. Oontrol experiments 

were also earried out. 

Hours Temp. 28.0°0. 
Amount of one-fifth normal 

NaOH required in 0.0. 

1 
2 

3 

4 

5 

6 

7 

8 

~otal amt. 

of alkali 

used in 8 

hours. 

0.15 

0.50 

0·55 

0·55 
0·55 
0.60 

0.65 

0.60 

Temp. 15.8°e. 
Amount of one-fifth normal 

EaOH required in o.c. 

0.15 

'vo.25 

0.35 

0.35 

0.40 

0.35 

0·50 

0·50 

2.85 

From this it is olear that the action of lipase is more 

rapid at the higher temperature. 

2he control test was carried out by taking 1 0.0. of 

pure substrata and titrating with 0.2 normal BaOH. By sub-
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traetlng the amount of sodium hydroxide solution used to 

neutralize the control from that used in the primary experi

ment the amount of 0.2 normal NaOH required to neutralize the 

fatty acids could be determined. The figures given in the 

table on page 36 were obtained in this way. 

3. A rise of temperature causes increased motility of 

the intestinal tract while a fall has the opp-oslte effect. A 

few experiments were performed touching this poInt. 

them may be quoted here. 

One of 

The duodenum of a Fundulus that had been starved for 

five days was excised and suspended vertica11y in a beaker 

filled with Tyrode's solution. The lower end was fixed and the 

upper end was attached to a very light lever arranged so as to 

register any contractions on a kymograph. The preparation 

proved to be a very powerful one. Three kinds of movements 

could be distinguished -- oontractions of the longitudinal and 
. 

of the circular layers of muscle, and peristaltic waves. The 

preparation was raised in temperature slowly ~rom 180 to 29°0., 

during which time the oontractions became so irregular that it. 

was not possible to count thell throughout the range. In gen-

eral, there were about 3.3 aontractions per minute at 18° and 

The preparation was then slowly cooled to 

5°0., over a period of 3 hours and 26 minutes. 

variations in tonus appeared, on which were superimposed the 

contractions. Tonus variations disappeared between 15° and 

16°0., when the rate of the oontractions was about 1.7 per 

minute. With further cooling of the preparation the contrac-
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tions became gradually less, until at 5°0. they ceased entire

ly. 

~he data reported above show that in a poikylothermal 

animal, such as a fish, the temperature of the medium surround

ing it influences greatly its digestive processes. Employing 

Fundulus heteroo11tus, coincident with a rise in temperature of 

the water in whioh it was kept was an acceleration of the diges

tive processes in the first part of the intestinal tract, where

as with a fall there was a retardation. 

Finally, the survival time OI tissue, taken from the 

stomach of the skate, at di~fexent temperatures was determined. 

SERIES I 

~he following results were obtained, when strips of 

stomach musculature were excised and kept in nutrient saline at 

various temperatures. 

1. For the first four days after excision regular oon

tractions were observed in the strips taken from the preparation 

kept at oOe. On the fifth day contraotions were definite but 

slow. 

tude. 

On the sixth day they were irregular in rate and ampli

This irregularity and weakness increased eaoh day. Final-

ly, on the fourteenth day after excision of the muscle no contrac

tion whatever could be obtained. The addition of 0.4 cc. of 

adrenaline stimulated the tissue from the antral region, Which had 

been kept at 0°0. for three or four d8¥S, although this dose in

hibited the contractions of fresh tissue from this region. On 

other parts of' the stomach adrenaline also had a stim~.ating ac

tlon, though eaoh day the .lffect became weaker and flaally on the 
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fourteenth day no effect could be obtained. 

2. Tissue that had been kept at 5°0. first showed 

weakness on the third day, after which the contractions became 

weaker and more irregular, ceasing on the sixth day after ex

cision of the tisaue. Adrenaline had a stimulating action each 

day up to the sixth day. 

3. Tissue that had been kept at 10°0. showed extreme 

weakness on the seoond day, and on the third day no oontraction 

could be obtained. 

4. Tissue that had been kept at 15°0. showed slight 

weakness after twenty-four" hours, and reacted weakly to adrena

line. jo contractions were 0 btalned after .. .'forty-eight hours. 

5. Tissue that had been kept at 20°0. showed extreme 

weakness after twenty-four hours, and would not react to adrena

line, twelve hours later no contractions could be obtained. 

It was found that the saline solution in whieh the pre

parations were kept would be clear and odourless until the day 

before whioh the contraotions ceased t when it would quickly be

come cloudy and smell strongly of ammonia within a few honrs. 

SERIES 11 AND III 

The J!esults of these two series of experiments are so 

similar that they may be dealt with together. 

1. Fish kept at 2.0°0. After twenty-four hours the fish 

were~ound to have a faint ammoniacal odour. On opening the 

abdomen the stomach and intestines were fonnd to be relaxed and 

soft. Strips removed from the antrum of the stomaoh gave small 

irregular weak oontractions, but reacted to adrenaline and pilo-



--40--

carpine. Twelve hours later the fish were found to have a 

stronger odour and the flesh was sorter. The intestines were 

soft and flaccid and strips removed from the antrwn of the sto

mack gave no contraotions and did not react to adrenaline and 

pilooarpine. 

2. Fish kept at 15°0. After twenty-four hours the fish 

seemed to be in good condition; the flesh was firm and had no bad 

odour. Similarly the intestines see.med in good condition. 

Strips removed from the antrnm of the stomach gave fairly strong, 

somewhat irregular contractions and reacted to adrenaline and 

pilocarpine. Twelve hours later the fish gave a slight ammonia

cal odour, the flesh was less firm and the intestines in less 

good oondition. Contraotions of strips from the antrum gave 

very poor, irregular contraotions and reaoted poorly to adrena

line and pilocarpine. Twelve hours later the rish gave off a 

strong odour, the flesh was soft and the intestines were in poor 

condition. No spontaneous contractions could be obtained rrom 

strips taken from the antrum of the siomaoh and there was no re

action to drugs. 

3. Fish kept at 10°0. After twenty-rour hours the fish 

were in good condition. The flesh was firm and gave no bad 

odour. The intestines were also in good aondition. Strips 

taken from the antrum gave strong, regular contractions and re

acted powerfully to adrenaline and pilocarpine. :b'lsh removed 

twenty-four hours later were in poor oondition, the flesh was 

soft and had a strong odour of ammonia. The intestines were also 

in poor eondition, being soft and flaoaid. Strips removed from 
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the antrum gave very poor spontaneous contraotions and reacted 

very poorly,to adrenaline and pilooarpine. This tissue seemed 

to ha~e nearly reached the end of its vitality. This was 

proved by the fact that strips taken from a fish six hours later 

did not reaat to these drugs. 

4. Fish kept at 5°0. After twenty-four hours the fish 

were found to be in excellent condition. The flesh was firm 

and had no bad odour. The intestines were also in excellent 

condition, being firm and odourless. strips removed from the 

antrum of the stomach gave good regular spontaneous contractions 

and reacted powerfully to adrenaline and pilocarpine. Similar

ly, fish removed forty-eight, seventy-two, and ninety-six hours 

after kllling were found to be in good condition, and strips re

moved from the antrum gave good regular spontaneous contractions 

and reacted to adrenaline and pilocarpine. 

However, after five days, I.e., after one hundred and 

thirty hours, the fish removed had a somewhat strong odour of 

ammonia and the flesh was soft. On opening the abdomen the In-

testines were found to be only In fair condition. strips re-

moved from the stomach gave irregular spontaneous contractions 

of medium strength. The reaction to adrenaline and pilocarpine 

was poor. A fish removed twenty-four hours later was found to 

be in poorer condition and strips taken from the antrum of the 

stomach gave no spontaneous contractions and no reaction to 

adrenaline or pilocarpine. 
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SECTION 11 

THE EFFECT OF CERTAIN DRUGS 

The effect of adrenaline, atropine, pilocarpine, 

acetylcholine and ergotoxfne upon the cardia, pyloric sphinoter, 

antral and fundic regions of the greater and lesser curvatures 

of the stomach, upon the upper and lower ends of the spiral in

testine and valve, upon the colon and rectum were investigated. 

STOMACH 

ADRENALINE 

This drug has a stimulating effect on all parts of the 

stomach except the antrum, where an ordinary dose ia inhibitory, 

while a very minute dose is excitatory. The action of this 

drug can be desoribed best under two heads: 

(a) Its effect upon the base line from whioh contrac-

tions rise. 

(b) Its effect upon the rhythmic contractions them-

selves. 

In the case of the cardia, fundic region of the greater 

and lesser curvatures and the pyloric sphincter, *he addition of 
~-

0.4 cc. of adrenaline causes a sharp rise of the base line, 

followed by a very gradual return to the previous base-line. 

This effect is least and lasts for the shortest time in the car-

d18. 

The rate of the contractions is at first greatly in

creased, while their amplitude is usually decreased, but gradual

ly as the base-line returns to normal they become slower and 

higher. Adrenaline in smaller or greater concentrations stimu-
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lates +ikewise. 

In the oase of the ~trum, adrenaline in ooncentrations 

of 1:1,000,000 or more causes an inhibition in the strips taken 

from the antrum near the pyloric canal, whether from the region 

of the greater or of the lesser curvature. There is no change 

in the base-line, merely a cessation of the oontractions, which 

in concentrations of 1:2;0.000 may last for 4; minutes. A con

centration of 1:2,000,000 (l.e., 0.1 cc. of a 1 in 2,000 solu

tion of adrenaline chloride) causes a stimUlation which is of 

the same oharacter as that found in the rest of the stomach ex

cept that it is of much shorte~ duration. Tissue from this re

gion, that had been kept three or four days in saline at 00 C •• 

was found to be stimulated by all effective doses of adrenaline. 

The part of the antrum adJacent to, the fundus reacts 

to adrenaline in a similar way to the fundus. 

PILOCARPINE 

This drug stimulates a~l parts of the stomach. 

fore, its effects can be treated best under two heads: 

(8) The effect upon the base-line. 

(b) The effect upon the rhythmiC oontractions. 

The addition of pilocarpine has no effect upon the base-

line of the contraotions of the car4is, ~dlc and antral regions 

of the greater and lesser curvatures. There is only an increase 

in the height and rate of the contractions. This effect usual

ly lasts about 10 to 1; minutes. 

In the case of the pyloric sphincter, the effect of 

pilocarpine is more obscure. The~e is no change in the base

line, yet there are indications of stimulation. The normal 
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A 

B 

VHielHs 6.- :\-record showing the effect of adrenaline (concentration 1: 250000) upon the cardia; 
B-record showing the effect of adrenaline (concentration 1: 250,000) upon the 
fundic region of the greater cun"ature. 

A B 

PI881t1!l 1.-A-record showing the effect of adrenaline (concentration 1 : 250,000) upon the 
pyloric sphincter; B-record showing the effect of adrenaline (concentration 1: 
2,000,000) upon the antral region of the greater curvature near the pyloric canal; 
C-record showing the effect of adrenaline (concentration 1: 250,000) upon the antral 
region of the greater curvature near the pyloric canal. 
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I ",i". 
A 

B 

• ' I '''',n. 

c o · 

FHjlifiJii! ~i A- record shmying the effect of atropine (concentration 1: 250,000) upon the fundic 
region of the greater curvature; B- record howing the effect of atropine (concentra
tion 1: 250,000) upon the pyloric sphincter; - record showing the effect of atropine 
(concentration 1: 250,000) upon the antral region of the lesser curvature; D-record 
showing the effect of pifocarpine (concentration 1: 250,000) , and the antagonizing 
effect upon it of atropine (concentration 1: 250,000), upon the antral region of the 
greater curvature. 
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• lllift. -

A 

B , mi ... 

c 

D 

FI8l!ftUs e. A- record showing the efiect of pilocarpine (concentration 1: 250,000), and the 
antagonizing effect upon it of atropine (concent ration 1: 250,000), upon the pyloric 
sphincter; B- record showing the eA'ect of acetylcholine (concentration 1: 100,000), 
and the antagonizing effect upon it of at ropine (concentration 1: 250,000), upon the 
cardia ; C- record hO\\"ing the effect of adrenaline (concentra tion 1: 250,000), upon 
the fundi c region of t he lesser curyature. Also sho\\'ing the additive effect of pilo
carpine (concent ration 1: 250,000) : D- record showing the effect of acetylcholine 
(concentration 1: 100,000), and the antagonizing effect upon it of atropine (con
centration 1: 250,000), upon the fundic region of the lesser curvature near the cardia. 
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C> 

" Itt'" . , 

A 

I I • I I " I I I I I I r ......... 
c 

FlelHHs 7.- A- record showing the effect of acetylcholine (concentration 1: 100,000), and the 
antagonizing effect upon it of atropine (concentration 1: 250,000), upon the antral 
region of the lesser curvature; B- record showing the effect of acetylcholine (con
centration 1: 100,000) , and the antagonizing effect upon it of atropine (concentration 
1 : 250,000), upon the pyloric sphincter; C- record showing t he effect of adrenaline 
(concentration 1 : 250,000), upon the antral region of t he lesser curvature near the 
pyloric canal. The tissue in this case has been kept for th ree days at 00 C. 
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type of contraotion is usually a series of contractions of 

various heights. The addition of pilocarpine increases the num

ber of contractions of g~eat amplitude and diminishes the number 

of small ones. There is no change in the base-line and the con

tractions are slightly increaaed in rate. Furthermore, pilo

oarpine will initiate contractions in a quiescent pyloric sphinc

ter. Hence the effect of pilocarpine on the pyloric sphincter 

is excltatory. 

Pilocarpine following adrenaline has an additive effect ( 

also pilocarpine following adrenaline has an additive effect. 

ACETYLCHOLINE 

The addition of this drug stimulates all parts of the 

stomach. Its effect may be oonsidered under the same two heads. 

Its aotion is very Similar to that of adrenaline, ex

cept that it stimulates all parts of the stomach. It causes 

usually a sharp rise of the base-line, which returns to normal 

in a somewhat shorter time than in the case of adrenaline. This 

rise of the base is least in the oardia and that part of the 

lesser curvature adjacent to the oardia. Both the rate and 

amplitude of the contractions are increased. 

ATROPINE 

The addition of this drug (conoentration in bath, 

1:250,000) has no effect whatever upon any of the six regions 

tested. No change in the response is found with larger or 

smaller doses. If, however, atropine be given after pilocar

pine or acetylcholine, it will restore the normal contractions 

after a short period in whioh the contractions are completely 

inhibited. If the base-line has been raised, as is the case 
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with acetylcholine, atropine restores it to its former level. 

If the base-line has been unaffected, as is the case with pilo-
• 

carpine, atropine has no effect UP011 it. 

ERGOTOXINE PHOSPHATE 

ANTRUM AND FmmUS 

Ergotoxine in doses of 0.4, 0.6 and 1.0 c.c.usually 

aused a rise of the base-line with increase in the rate and 

amplitude of the contractions 

PYLORIC SPHINCTER 

The effect on this part was doubtful, though on one or 

two occasions there was definite evidence of an excitatory effect; 

after a delay of some 2 or 3 minutes there was a slight rise of 

the ba e-line and increase in the amplitude of the contractions. 

B 

~,~, A, showing the effect of ergotoxine (1: 100,000) followed by adrena~e (1 : 250,000) 
upon the antrum of the stomach. B, showing the effect of ergotoxme (1: 150,000) 
followed by adrenaline (1: 250,000) upon the pyloric phincter. This and one other 
experiment were the only one in which ergotoxine had an excitatory effect; usually it 

had no effect. . 

f , 
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ADRENALINE FOLLOWING ERGOTOXINE 

ANTRUM 

In general there was very little evidence that ergotoxine, 

even in massive doses, was antagonistic to adrenali~e. Small 

doses of ergotoxine, such as 0.4 c.c., did not inhibit the effect 

of 0.4 c.c. of adrenaline. In cases where the muscle was in a 

weakened condition 0.2 c.c. of adrenaline did not stimulate. In 

one case when a massive dose of ergotoxine, 2.5 c.c., was given, 

there was a marked stimulatory effect which lasted fully 30 minu

tes. One-half c.c. of adrenaline given 25 minutes after this 

dose of ergotoxine had no effect. When an inhibitory effect 

oacurred, it seemed to come on at least 10 - 15 minutes after 

the ergotoxine had been added to the bath. 

FUNDUS 

In the majority of instances small doses of ~drenaline 

(0.2 - 0.5 c.c.) had an effect after 0.6 c.c. of ergotoxine or 

even larger doses. When antagonistic effects did seem to occur, 

the muscle was in a weakened condition. 

PYLORIC SPHINCTER 

The action of adrenaline in small doses was not inhi

bited by even massive doses of ergotoxine except in one or two 

instances. 

INTESTINE 

ADRENALINE 

This drug in a concentration of 1:250,000 has an excita

tory effect on all parts of the intestine. However, on two 

occasions an inhibitory effect was obtained in a strip taken from 

the spiral intestine. 
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SP IRAL INTESTINE A}TD VALVE 

l drenal i ne increases the rate and amplitude of the con-

tract i ons of all parts of the spiral intestine and valve. The 

base-l i ne gradually rises and again gradually subsides, return-

ing to no~al in about twenty minutes . 

On t wo occasions an inhibitory effect was obtained on 

t he spiral intestine, once on the upper end and once on the lower 

end , t he contractions coming to a stop but the base-line remain-

ing unchanged. 

B 

. ( 
c 

Fi~. 8. A, showing the effect of ergotoxine (1: 150,000) followed by adrenaline (1: 250,000) 
upon the spiral intestine. B, showing the effect of ergot oxine (1 : 150,000), followed by 
arterial stimulation (faradic, secondary coil at 0 cm.) 10 min. later, upon the fundus of 
the stomach. C, showing the effect of ergotoxine (1: 100,000) followed by arterial 
stimulation (faradic, secondary coil at 0 cm.) upon the rectum. 
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COLON AND RECTUM 

Adrenaline in a concentration of 1:250,000 has an ex

actly s~ilar effect on both these parts of the intestine. 

Rapid rhythmic contractions of higher amplitude than no~mal are 

initiated. and the base-line is sharply raised, to return to 

normal after about fifteen minutes. 

PILOCARPINE 
• 

This drug in a concentration of 1:250,000 has an exci

tatory effect on the spiral intestine, colon and rectum, but the 

effect on the spiral valve is very doubtful. 

SPIRAL INTESTINE 

Pilocarpine stimulates both the upper and lower ends of 

this part of the spiral intestine, inoreasing the rate and amp11-

tude of the contractions. The base-line is gradually raised and 

again gradually returns to normal in about fifteen minutes. 

SPIRAL VALVE 

The effect of pilocarpine on both the upper and lower 

ends of the spiral valve is very doubtful. There is no change in 

rate but the amplitude of the oontractions seems to be slightly 

raised. • There is no change in the base-line. 

COLON AND RECTUM 

parts. 

Pilocarpine has an exactly similar effec~ on both these 

It establiShes ~apid rhythmic contractions of higher am-

plitude than normal. The base-line is sharply raised and ~eturns 

to normal in about ten minutes. See figure on top of page 53~ 

Pilocarpine following adrenaline or vice versa has an 

additive effect. 
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A 

B 

c 

Y~'WIUJ 3.-A, effect of adrenaline solution (1 :250,000) on .upper end of spiral intestine; B, effect 
of adrenaline (1 :250,000) on lower end of spiral valve; C, effect of adrenaline (1 :250,000) on 
rectum. 
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ACETYLCHOLINE 

This drug in concentrations of 1:100,000 stLmulates all 

parts of the intestine. 

SPIRAL INTESTINE AND VALVE 

The contractions of the upper and lower ends of both 

these parts are increased in ~ate and amplitude. The base-line 

gradually rises and again gradually returns to normal in about 

fifteen minutes. 

A 

B 

rHHmii i.-A, effect of pilocarpine (1 :250,000) on upper end of spiral intestine; E, effect of 
pilocarpine (1 :250,000) on upper and lower ends of spiral valve. The addition of atropine 
(1 :250,000) nine minutes later shows that the pilocarpine has had no effect. 

COLON AND RECTUM 

Rapid, r~ythmic contractions are established, of greater 

amplitude than normal. The base-line is sharply raised but 

gradually retu»ns to normal in about fifteen minutes. 

Acetylcholine following adrenaline or vice versa has an 

additive effect. 

ATROPINE 

This drug in all conoentrations has absolutely no effect 

upon the normal contractions of the spiral intestine and valve 9 
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the colon and the rectum, but it restDres the normal rate and 

amplitude, if given after pilocarpine or acetylcholine, and 

restores the base-line to normal. 

l4'HiUIUi i.- Effect of piloca rp ine (1 :250,000) on rect um , a nd a,ntagonistic action of at ropine 
(1 :250,000). 

ERGOTOXINE PHOSPHATE 

SPIRAL IPTESTINE 

Ergotoxine in all doses had no effect. 

RECTUM AND COLON 

Ergotoxine usually had no effect, but Bometimes it . 

caused a rise of the base-line with increase of rate and ampli-

tude of contractions. This effect was most marked in the colon. 

ADRENALINE FOLLOWIITG ERGOTOXINE 

SPIRAL IYTESTINE, RECTUM Al1D COLON 

Doses of 0.6 c.c. or more of ergotoxine practically al-

ways inhibited small doses of adrenaline, such as 0.3 c.c. 

(see page 50 ) • 



FI8l!fIU!l e.-Effect of acetylcholine (1 :100,000) on colon, and antagonistic action of atropine 
(1 :250,000) . 

A 

B 

FI8l!flUl '7.- A, effect of acetylcholine (1 :100,000) on upper end of spiral intestine, and antagonistic 
action of atropine (1 :250,000) ; B, effect of acetylcholine (1 :100,000) on lower end of spiral 
valve. 

YI8l!flU!1 8. Syn·ergic effect of acetylcholine (1 :100,000) and adrenaline (1 :250,000) on colon. 
The addition of atropine (1 :250,000) releases the adrenaline effect by dampening the effect 
of the acetylcholine. 

\' 
• I 
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SECTION III 

STRUCTURE AND FUllCTION OF CERTAIN ARTERIES 
• 

The structure and reactions to stimuli of the ventral 

aorta, coeliac artery, superior mesenteric artery, anterior in

testinal artery and con~s arteriosus of the species Raja dia-

phanes and atabullferia were also investigated. For the sake 

of completeness the whole of the results will be recorded here. 

PART I. HISTOLOGICAL FINDINGS 

For the study of the struct~e of the arterial walls in 

different species of Raja, tissue was obtained from the ventral 

aorta, from the coeliac axis, and from the superior mesenteric 

artery near its origin from the dorsal aorta and also near its 

connection with the valvular intestine. The tissue was fixed 

in Zenker's fluid and stained by special methods to demonstrate 

muscle, collagenous fibres and elastic fibres. 

Sections of the ventral aorta show an elastic type of 

artery somewhat similar to that found in mammals. The first 

part of the aorta, immediately above the conus arteriosus, may 

be entirely free from muscle cells. Proceeding upward, circu-

larly arranged muscle oells begin to appear adjacent to the tu-

nica intima as a dark narrow band. They may become inoreased 

in number in this location to make up about one-fifth of the 

thickness of the tunica media. The other four-fifths of the 

media is practieally free from muscle oel1s, and is composed of 

concentric layers of elastic tissue between wiliich there is some 

collagenous connective tissue. 



The coeliac and superio~ mesenteric arteries resemble 

the muscular type. The muscular layer may occupy from one-half 

to three-quarters of the thickness of the entire wall. Both 

inner circular and outer longitudinal muscles appear in the wall. 

The r'elative proportion of these two layers varies in the arteries 

from different specimens and also in different parts of the wall 

of the same artery. The longitudinal muscles often predominate. 

!he muscular layers are surrounded by a fairly wide zone 

of dense elastic and collagenous tissue and we have regarded this 

as being the adventitia. Benninghoff (19;0) has described a 

somewhat similar adventitia in the superior mesenteric artery of 

man. It may be mentioned hare, however, that, according to 

Maximow (1930), Schaffer describes a part of the superior mesen

teric artery of man in which the concentric layers of elastic 

tissue encircling the muscle are regarded as part of the media 

and conseqnently would form the hybrid type of artery described 

by Argaud (1908). 

For the study of the nerve supply to these arteries we 

found supravital staining with methylene blue to be the most 

satisfactory method. We adopted the method used by Irwin (1931) 

and that of Kreibich (Homeia 1928). The latter method re-

quires the decolorizing of the methylene blue before injection, 

and we found it to be the most satisfactory. Some of the ma-
. 

terisl was mounted on slides without cutting of sections, while 
• 

some of it was embedded in paraffin before cutting. 

The various preparations revealed bundles of non-
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medullated nerve fibres accompanying the arteries on the outer 

layers of the adventitia, while at the zone of junotion between 

the adventitia and the muscular media there is a very rich net

work of very fine non-medullated nerve fibres. These fibres 

divide, rejoin and divide again, forming a true network capable 

of conduction of impulses in all directions. We did not see 

anyth~ to indicate free nerve endings on smooth muscle cells, 

and according to Busoh (1929) a closed network without free end

inga is the typical sympathetic innervation of blood vessels in 

mammals. According to Woollard (1926) the innervation of the 

muscular coat of blood vessels by this fine network of non-medul

la:ted nerves is derived entirely from poat-ganglionic fibres of 

the sympathetio system. He also states that vasoconstrictor 

nerve fibres are recognized to be exolusively sympathetic. Rea

soning by analogy it would seem that the nerve net whioh we have 

seen on the mesenteric arteries in skates is a part of the sym

pathetic nervous system. We also observed individual typioal 

sympathetic ganglion cells in the outer pa~t of the adventitia 

of the coeliac and mesenteric arteries. These ganglion cells 

are not easy to locate but can be found on studying many serial 

sections of mate~ial fixed in Zenker's fluid and stained by 

hematoxylin and eosin or by acid fuchsin stains. 

A large number of peculiar branching oells in the wall 

of the ventral aorta take the methylene blue stain. Woollard 

has described similar oells in the blood vessels OL the eat. 

Their function is 11Dknown. 



PART 11. EXPERIMENTAL RESULTS 

ARTERIES 

REACTION TO DISTENSION 

No spontaneous contractions were noted under any 

conditions in the arteries investigated. This applies 

equally to the arteries suspended vertically (longitudinal 

layer of muscles) and to the rings of artery (circular layer 

of muscles). 

Distension by the placing of an appropriate weight on 

the long arm of the lever produced a different reaction in 

different arteries. Like the arteries of mammals, the ar-

teries of the skate may be divided into two general groups: 

the elastic type (ventral aorta) and the muscular type (coeliac, 
, 

mesenteric superior and anterior, and intestinal arteries). 

After the application of a moderate weight to the lever con

nected with a single ring of artery of the elastic type (ven

tral aorta) in Raja stabuliforis the dilatation quickly reaches 

its maximum. When unloaded the artery quickly returns to its 

previous d1ruaeter, although the recovery is not ~ite complete. 

The distension of a circular layer of artery of the muscular 

type presents another picture. The distension on loading of 

the muscles is gradual. ~fter unloading of the weight the 

lever returns very gradually to its previous level, drawing a 

rounded curve. The rate of recovery of the diameter of the ring 

depends on the weight applied; the greater the weight, the slower 

the return of the artery to its previous size. The sbe type 
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of curve as depicted in figure B was obtained from long pieces 

of art er y of t he muscular type suspended vertically. This in-

complet e r ecovery of an isolated artery after distension ' does 

not oc cur in int act arteries in the body, which possess perfect 

elas t i ci ty . 1he reason for the long continuance of the disten-

si on in surviving pr epar ations of arteries is that partly con-

tracted muscles , when distended, do not regain their previous 

tonus after unloading (Fleisch, 1927) . Observations analogous 

t o t hose descr ibed above were made by Ducret (1930) on coronary 

a r teries ( elast ic typel and mesenteric arteries (muscul~r type) 

in warm-b l ooded animals. Therefore the reaction of different 

t ypes of arter ies to distension is practi cally the same in 

e l asmobr anch f i shes and in mammals . 

FI8lfllfi e. - A, Distension , by weight , of a ring from the ventral aorta of Raja stabuliforis . B. Dis
tension of a chain of 9 rings from the superior mesenteric artery of R aja stabuliforis. The 
full effect of the weight, placed on the long arm of the lever, was prevented because t he edge 
of the bat h impeded the lever. 

Vl88RJj i.-Ex p. Aug. 17. Raja stabuliforis, killed 9:30 a.m. Aug. 16, superi or mesen teric 
artery preserved in cold saline (3° t o 4° C. ). Chain of 10 rings. Spontaneous recovery of 
tonus under slight distension at temperature of 9io to IOtO c. Each step on t he t racing 
represen t s an interva l of 10 minutes. Experiment start ed , Aug . 17, at 10 :40 a .m.; finished 
12 noon. 
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TONUS 

After being excised from the body and kept for two or 

more hours in the ice-cold nutritive solution, an artery of the 

muscular type is in a state of relaxation. On being placed, 

slightly weighted, in an oxygenated solution and kept at a tem-

perature of 100 to 12° e. t it regains its tonus. This capacity 

to regain tonicity is preserved for at least thirty hours. 1m 

the figure below is shown a slow recovery of tonus of circular 

muscles of the superior mesenteric artery in Raja Stabuliforis. 

The rate of reo very of the tonus is at first rapid, gradually 

slowing down. 

YHWIUi ii Effect of temperature on the circular and longitudinal muscles of arteries of R aja 
stabuliJoris. 

Arteries set in the bath immediately after removal from 

the body did not show a similar recovery of tonus, perhaps because 

like mammalian arteries in similar circumstances they were in a 

state of spasm. This condition is not favo~8ble :fD~ the action 

of drugs and the best results were obtained from blood vessels 

kept in ice-cold nutritive fluid for several hours before the ex

periment. 



REACTI ON TO TIDJ.PERATURE CHANGES 

A chain of rings and also a longitudinal strip of 

coeliac and superior mesenteric arteries of Raja stabuliforis 

were subjected to changes of temperature in the bath. The 

artery was placed in solution with an initial temperature of 

The temperature was gradually raised to 520 or 530 c. 

No substantial difference was not d in the reaction of corres-

ponding preparations of the coeliac and superior mesenteric 

arteries to temperature. But the circular and the longitudinal 

layer of each artery gave somewhat different reactions, as may 

be seen in the figure below. The circular layer showed a maxi-

mal contraction between 120 and 14°C., which began rapidly to 

fall when the temperature of the bath reached 200 to 22°0. The 

greatest relaxation occurred at about 36 0 to 38 0 C., after which 

a second and final rise of the curve could be observed. The 

variations of the longitudinal layer of muscles were less marked , 

~ , r"A t: r " 
" ,' 1 .\' \, ,j •• ,,1,,1 " .• ,, 11',1011 .;I'''~:·-'[ ~"rl r'; I ' -;rff' r

",,- ~I .. Ifrl' ~"!;'rll: i ! " .,,'-, •••• - •• • , ••• -, - -

FI@leB;@ 8. A and B. E xp. A ug. 8. R aja stabuliforis, freshly killed. Superior mesenteric artery , 
9 rings . Set in bath 2: 50 p.m . Good recovery of tone. Adrenaline added a t 4:13 p.m. 
(concentration in the bath , 1: 2,000,000). 4 :30 p.m., saline changed in the bath . Relaxa
t ion of the r~ngs . 5:12 p.m. , a similar dose of adrenaline. Temperat ure during the exper i
ment varied between 11!0 and 12° C. C. E x p. A ug. 5 . R a ja stabuliforis, killed about 
9: 30 a.m. Superior mesenteric artery (piece 9 cm . long) vertically suspended. 2: 22 p.m . 
adrenaline added (concent rat ion in the bat h, 1 : 2,000,000) . D . Exp . Aug. 5. Coel iac artery 
from t he same animal (piece 16.5 cm. long) vert ically suspended . Set in the bath , 3: 25 p.m. 
Adrenaline added , 4 : 26 p.m. (concent rat ion in t he bat h, 1: 2,000,000). T emperature during 
experimen ts of Aug. 5 (C and D ) kept bet ween ll io and 12°. 
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although here too we may recognize the first rise of the curve 

(between 22 0 and 28°0.) followed by a slight depression and a 

final rise beginning at about 40 0 to 4200. In connection with 

these findings it is interesting to note that the strongest 

tonio oontraction of the circular arterial muscles, which is so 

important for the maintenance of the nOTIDa1 blood pressure. 

occ~~ed between 10° and 14°0. -- which is close to the tempera

ture of the fish in summertime (8 0 to 120 0.) Cow (1911) des

cribes the somewhat analogous behaviour of mammalian arteries 

under varying temperature conditi~ns. The first contraction 

of the skate's artery on heating was undoubtedly due to an in-

crease in the tone of its muscular tissue. The seoond con-

traction was merely a heat rigor. In this case the shortening 

of the preparation was probably due not only to the processes 

occurring in the muscles under the influenoe of high tempera

ture but was determined to a greater degree by the coagulative 

changes in the connective tissue of the a~tery. That such is 

the course of events in structures formed of muscles and con

nective tissue was very convincingly demonstrated by Verbitzky 

(1923) on the eat's iris. The iris of this animal consists of 

an inner muscular ring and an outer ring of oonnective tissue. 

Heating of the former gave a curve with two moderately high 

riaesi heating of the latter gave 8 single but very abrupt rise 

when the temperature ~eached about 60 0c. In the case of the 

arteries of the skate, the second rise, due to heat rigor, 

occurred at a much lower temperature (38 0 to 42°0.) than in 

warm-blooded animals (about 60°0.). 
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INFLUENCE OF DRUGS 

Both the chain of arte~ial rings and the artery vertical

ly suspended responded by shortening to adrenaline in aoncentra-

tions of 1:1.000,000 to 1:2,000.000. This applies to all the ar-

teries which we investigated of Raja stabulifo~is. Analogous. 

though much less pronounced results were obtained with the arteries 

of Raja diaphanes. The difference may be attributed to the inaig-

nificant development of the muscular layers of the arteries owing 

to the smaller size of these fish. The reaction of the circular 

layer of muscle to adrenaline was somewhat different from that of 

the angitudinal. The latent period, after adrenaline was first 

added to the nutritive fluid~ was much shorter, the rise of 

the curve was more abrupt and the peak of contraction was 

B -t > . . 0: 

C 
l- Ba CL 9.. 7. 'l. 0 . ..,... 

'D Atllu'lE"n:'l4in~ / ' /rooo Ba.~L,'). ~cc. f;tpo ,. 
I cc. ,\. b·3~ p. m i' fo.H-1 . m 17 .1 

F,)'.,.." r" 
I I~: I 1 I '. , \ •• , , • : \ , - - ' .••• - - ~ - ;- - - -\-, .- \ l. - " I -

FI8SIU!i 7.- A. E x p . A ug . II. Relaxation , under the influence of adrenaline (concentration in 
bath , 1 :2,00.0,0?0), ?f superior mesenteric artery suspended vert ically. Temper~ture 11 ° C. 
Raja stabuliforts, ktlled 45 ho~rs previousl.y and artery preserved in cold saline. B . Exp . 
Aug. I~. "Veaken~d preparation of superior mesenteric ar tery of R aja stabl.lliforis, killed 
only 62 hours prevIOusly. Relaxation under adrenaline (1 :2,000,000) . Temperature 111.0 
to l1 io c. . c. E x p. Aug. IS· ~oeliac artery (9 rings) removed from R aja stabl.lliforis'a fe~,' 
hours prevIOusly. The preparatIOn reacted to adrenaline and acetylcholine. Effect of barium 
chloride (1 :100,000) . Temperature, 9io t o 10° c. Exp. Aug. I7. D and E (direct con
tinuation of D ) . Coeliac art ery (8 rings) from a R aja stab1.lliforis, killed Aug. 16. Nei t her 
first nor second addition of adrenaline (1 :1,000,000) has a ny effect. BaCI

2 
(1 :100,000) 

produces a con t ract ion. Temperature, 10t O C. F . Exp. Aug. I7 . Aort a ven t ra lis. Same 
animal as in D and E. Effect of BaCl2 (1:75,000). Temperature, 1O! 0 C. 
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reached sooner with the oircular muscles than with the longi-

tudinal. On the average, in different experiments and for dif-

ferent arteries~ it was 58 seconds for the circular muscles and . 
85 seconds for the longitudinal muscles. In the particular ex-

periment shown in A of the figure on page 6~ the latent period 

of the adrenaline effect on the oircular layer of the superior 

mesenteric artery was only 25 seoonds. 

The addition of adrenaline at the height of the con

traction produced by a previous application of the drug did not 

have any effect. However, if the nutritive solution contain~ 

ing adrenaline was replaced by fresh solution containing no 
. 

adrenaline and the artery was allowed to relax, a second addi-
~ 

tion of adrenaline produced the usual, though a somewhat 

diminished, effeot. One such experiment is represented in A 

and B in the figure on page 63. 

A relaxation- of the artery under the influence of 

adrenaline (1:2tOOO~OOO) was noted on two occasions only in both 

oases in longitudinal strips of the superior mesenteric artery 

forty-five and six-and-a-half hours respeotively after removal 

from the body_ Part of the anterior intestinal artery (9 'rings) 

excised from the second antmal did not react to acetylcholine, 

showed a very weak positive reaction to adrenaline, but gave a 

good contraction after the addition of 2% BaC12 solution. 

Therefore both superior mesenteric arteries seemed to be in a 

weakened state. This fact is worthy of mention because all 

mammalian arteries do not 00ntract in response to adrenaline. 

For instance, in oxen, pigs and sheep, very small doses o~ ad~ 
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YIiUlUi i.-Exp. Aug. 9. R 3ja stabuliforis, killed 12 :30 p.m. Aug. , superior mesen teric artery 
preserved in cold saline, vertically suspended. A. 11:3 a.m. , 1 cc. acetylcholine (1 :1,000) 
added (concentrat ion , 1: 200,000). B. 12:03 p .m., addition of 2 cc. of 1 :1 ,000 acety lcholine 
(concentration 2: 200,000) did not produce any effect. 12 :10 p.m., adrenaline (concen t ration 
1 : 2,000,000) gave posi t ive effect . Temperature 10t O c. 

Y'IS'e'~ Q. - E xp. Aug. 9. Same animal as in Fig. 6--coeliac artery (6 rings). A. 5: 07 p.m. , 
eftect of acetylcholine (concentration 1 :100,000). B. 5 :23 p.m . and 5 :26 p.m. , 1 cc. 0.1 % 
atropine sulphate added (concentration 1 :100,000). After the second addition of atropine 
the rings began to relax. C. 5: 31 p.m. , adrenaline (concent ration 1 :1 ,000,000) did not 
produce any marked contraction but some\ hat inhibi ted t he relaxat ion . Temperature 
1010 to 110 C. 

renaline cause constriction of the coronary arteries, but 

larger doses produce dilatation (Rothlin 19208 and b), which 

shows that the same muscles may respond diffe~ently to different 

doses of a cttug. The relaxation of a vertically suspended 

strip of artery under the influence of adrenaline could not be 

due to strong contraction of the circular layer and consequent 

elongation of the longitudinal layer, because in the majority 

of the experiments the longitudinal muscles reacted to adrenaline 

by co ntraot ing. It is more probable that in certain oircumstan-
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cas changes occur in the muscles of surviving arteries of the 

skate, which reverse the usual reaction of the blood vessel to 

adrenaline. A conclusion which may be drawn from all the ex

periments with adrenaline is that in general there is no dif-

ferenee in its action on the arteries of elasmobranchs and of 

mammals. 

Acetylcholine (1:100,000· to 1:200,000) had a different 

effect on the arteries of the skate than it has on mammalian ar-

teries. Instead of relaxation, aoetylcholine eaused contraction 

of t he longitudinal as well as of t he circular muscles of the 

skate's arteries. The latent period averaged 85 seconds. A 

second addition of acetylcholine to the nutritive fluid , even 

/biEle'R19 IQ. A. Exp . J uly 2I. Ring from conus art eriosus of R aja diaphanes (freshly ki lled) , 
E ffect of gradua l d ist ension on a ring, not yet spontaneously contracting. B. Exp. July 22, 

2 p.m. R ing from conus a rteriosus of Raja diaphanes, ki lled 9: 30 a .m. Effect of distension 
on ra rely cont racti ng ring. C. Exp. Aug. 2. R ing from conus arteriosus of R aja stabuliforis 
(freshly killed ). Stimulati ng effect of distension. The marked rise of t he curve on release 
of t he ring a fter tension was due to jerk of t he lever. 
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if the dose w~s increased, did not produce the same effect, but 

adrenaline had still the effect of contracting the artery. 

Atropine caused relaxation of an artery contracted by the action 

of acetylcholine. If the dose of atropine was large enough 

(2tIOO,OOO), as in the experiment of August 9, adrenaline pro

duced a very insignificant effect, only briefly retarding the 

relaxation of the artery. In another experiment (August 15) 

half a dose of atropine sulphate (1:100,000) did not depress 

the effect of adrenaline so greatly as in the experiment of 

August 9, although considerably diminishing it. It seems that 

in the skate the muscles of the-arteries respond in the same 

way to adrenaline after poisoning with atropine as do the heart 

muscles. The only difference is that the arterial muscles 

respond more strongly to adrenaline and are more resistant to 

poisoning with atropine than the heart muscle. It was demon-

strated by Miss Huntsman (1931) that after atropine adrenaline 

does not influence the beat of the isolated heart of Raja 

diaphanes and Raja erinacea. 
F 

The results which we obtained with acetylcholine on 

isolated arteries cpincide with the effects demonstrated for 

the whole animal by Miss MacKay (1931), who observed a marked 

rise of blood pressure after very small doses of the drug and 

only a partial diminution of its pressor effect by atropine. 

Barium chloride invariably produced a contraction of 

the muscular type of artery in the skate. The experiment of 

August 17 is interesting because the animal (Raja stabuliforis) -
was ki~led 30 hours before the experiment and the arteries pre-
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served in ice-cold saline. In this particular case neither 

acetylcholine nor adrenaline produced any contraction of the 

coeliac artery. Nevertheless barium chloride gave the usual 

effect after a long -latent period. 

The effect of barium chloride on arteries of the elastic 

type (ventral aorta, F of figure on page 64) is rather doubtful. 

Therefore barium chloride has the same effect in stimu

lating contraction of the arteries in elasmobr~chs as in mam

mals. Its effect persists in spite of lack of response to 

drugs which are supposed to act on the nerve-endings or receptive 

substance. 

CONUS ARTERIOSUS 

A few experiments were performed with rings cut from 

the conus arteriosus of Raja diaEhane~ and stabulifo~is. No 

difference was noted in the behaviour of rings whether cut from 

the proximal or from the distal part of the conus. 

One of the characteristic properties of the conus ring 

is the way in which it reacts to distension. iihen set in the 

saline bath and appropriately loaded, it does not always start 

to contract immediately. The rhythmic contractions appear 

gradually. It first they are irregular; later they acquire a 

regular character and under proper conditions continue for 

several aours. Distension of a quiescent ring, by the placing 

of a weight on the longer arm of the lever, activates rhythmic 

contractions. A certain degree of distension is necessary to 

produce this effect. ~fter unloading of the weight the con-

tractions thus stimulated may continue for a while at a gradual-
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ly diminishing ~atet and may then stop or pass into rhythmio 

oontractions. If a ring is already contracting, a brief dis-

tension greatly increases the rate of the contractions for a 

certain period. There is an after-effect of the distension in 

the form of somewhat decreased tonus, which gradually returns 

to normal. 

Therefore one of the properties of the oonus arteriosus 

is its reaction to tension, ss expressed in an increased rate of 

contraction. It would be legitimate to suppose that under nor

mal conditions the rise of the blood pressure inside the conus 

will also increase the rate of its oontractions and thus facili-

tate the propagation of blood into the arterial system. Another 

feature of the muscular wall of the conus arteriosus is its re-

action to changes of temperature. With rise or f'all of the 

temperature the rate of the automatic contractions increases or 

decreases respectively. 

Some experiments were performed with the object of 

determining the effect of very small doses of airenaline 

(1:1,OOO.OOO to 1:2.000.000 concentration in the bath) on the 

spontaneous oontractions of a ring of conus arteriosus. Only 

one-half of the preparations showed any noticeable (though 

small) increase in the rate of the contractions (from ;~ to l;~t 

and in one case 20~). Oare was taken to keep the temperature 

of the saline in the bath constant. 
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SECTION IV 

THE EFFECT OF If.tmVE STlMULA!fION 

Fina11y, the reaction of the smooth muscle of the 

gastro-intestinal tract of the skate to stimulation of autonomio 

nerves was investigated. The procedure carried out in obtaining 

Berve muscle preparations has been fully explained above. 

GASTRO-PANCREATICQ-DUODENAL ARTERY 

FUNDUS OR ANTRUM 

Stimulation of the artery with single or multiple break 

shocks, or faradic stimulation with the secondary coil at from 

o to 14 cm. from the primary coil had no effect. 

ANTERIOR GASTRIC ARTERY 

ANTRUM 

Single or multiple break stimuli with the aecondary coil 

at 0-14 cm. had no effect. .aradic stimulation lasting 2 min., 

with the secondary coil at 14 cm •• sometimes produced eXCitation, 

the amplitude of the oontractions being increased. When the 

secondary eo~l was at 0 om. there was definite at imulatlon , the 

rate and amplitude being increased. and in fully half the experi

ments the base-line was raised. The latent period varied 

greatly, being never leas than 1/3 min. and never more than; 

min. A loss of vitality in the muscle seemed to be the cause 

of the longer latent periods. 

FUNDUS 

Stimulatio~ of the anterior gastric artery with single 

or multiple break stimuli\'With the secondary coil at 14 or 0 cm. 
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had no effect. Faradic stimulation with the secondary coil 

at 14 cm. had no e-ffect t but when it was at 0 om. the con .. 

tractions showed an increased rate and amplitude. although the 

base-line was only sometimes raised. 

variable la~ent period. 

Again there was a 

A 

c 

~. A, muscle from fundic region of stomach. Shows the effect of stimulation (fara~c, 
secondary coil at 0 cm.) of the anterior gastric artery. B, muscle from the spIral 
intestine. Shows the effect of stimulation (faradic, secondary coil at 0 cm.) of the 
superior mesenteric artery. C, muscle from the rectum. Shows the effect of stimulation 
(faradic, secondary coil at 0 cm.) of the inferior mesenteric artery. 

SUPERIOR MESENTERIC ARTERY 

SPIRAL INTESTINE 

Single and multiple break shocks and faradio stimuli 

had the same effeot upon the spiral intestine as had sllnilar 

stimuli. applied to the anterior gastric artery. on the fundus. 

COLON 

The same results were obtained as in the spiral in-
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testine~ except that the muscle ~eacted to the arterial stimu

lation practlca11y instantaneously. 

INFERIOR MESENTERIC ARTERY 
• 

RECTUM 

Single or multiple break stimuli with the secondary 

coil at 14 to 0 cm. had no effect. Faradic stimulation with 

the secondary ~oil at 14 em. sometimes stimulated, snd with the 

secondary coil at 7 o~ 0 cm. always stimulated, usually causing 

an increased rate and amplitude and a rise of the base-line, 

though sometimes there was only a single spasmodic oontraction. 

The latent period was very short. 

ARTERIAL STIMULATION AFTER ERGOTOXlNE 
d 

Ergotox1ne did not inhlbi t the response of the antrum 

and fundus of the stomach~ the spiral intestine, colon, and 

rectum, to stimulation of the arte~y, and on two occasions it 

actually seemed to sensitize the fnndus and antrum to arterial 

stimulation, as an enhanced effect was obtained after the 

addition of the drug. See fi~e on page 74. 

VAGUS-MUSCLE PREPARATION 
• 

It was, as previously mentioned, only possible to ob

tain a vagus-muscle preparation near the cardiac end of the 

stomaoh. The. 'nerve was stimulated by a single break shock 

when the secondary coil was at 0 em., and by multiple break 

shocks when the secondary coil was at 0 and 14 cm. Increase 

in the amplitude of contraction was observed, but only that 

contraction was affected which coincided with the stimulation 

of the nerve. 
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B 

C 

Fig. 3. A, showing the effect of ergotoxine (1: 150,000) followed by adrenaline (1: 250,000) 
upon the spiral intestine. B, showing the effect of ergotoxine (1 : 150,000), followed by 
arterial stimulation (faradic, secondary coil at 0 cm.) 10 min. later, upon the' fundus of 
the stomach. C, showing the effect of ergotoxine (1: 100,000) followed by arterial 
stimulation (faradic, secondary coil at 0 cm.) upon the rectum. 

Faradic stimulation, with the secondary coil at 0 and 

14 cm ., caused a rise in the base-line, increase in the rate and 

amplitude of the contractions for the duration of the stimula-

tion. The response was practimally instantaneous. Atropine 

in doses of 0 . 4 - 1.4 c . c. (1 :1000 solution) did not inhibit 

t his excitatory effect , th ou~h if 1.0 c . c. of acetylcholine 
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(1:1000 solution) were now given it had no effect. Previous 

experiments have shown that 0.4 c.c. of atropine (1:1000 solu

t ion) wi 11 inhi bi t the effect of 1.0 c. c. of acetylchol~.ne 

( 1: 1000 solution) . 

~. Muscle from the fundus of the stomach. how the effect of stimulation of the 
vagus nerve, and the effect upon this of atropine (1 : 200,000) . B, ignifies single break 
stimulus; Bb, multiple break stimuli; F, faradic timulation. The figures denote the 
distance in centimetres of the secondary coil from the primary coil. 

CO TROL EXPERliJfENTS 

When a faradic current was passed through the elec-

trodes, which were placed in the solution bathing the muscle 

preparation without touching it, no alteration in the contrac-

tion of the muscle was observed. Stimulation of an artery or 

nerve after its continuity had been destroyed between the point 

of stimulation and the muscle had no effect upon the motility 

of the muscle. 
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OTHER OBSERVATIONS 
• I 

As mentioned above, it was the custom to put two strips 

of muscle in the same bath. This led to an accidental finding. 

When two strips of muscle taken from the stomach, whether from 

the fundus or the antrum, were set up together and the artery of 

one at~ip was st~lated faradically, there was on several occa

siona an excitatory response not only in this strip but also in 

the other strip. This peculiar effect of "transferred stimula-

tion" took place only when both strips of muscle came from the 

stomach, and it was much more evident after a previous dose of 

ergotoxine. 

In Raja naevus adrenaline in doses of 0.1 c.c. or more 

had an inhibitory effect upon the antrum of the stomach. de-

creasing the rate and amplitude of the contractions, while in 

smaller doses it had a stimulatory effect. This effect had 

been already found in Raja diaRhane~ and ~ja erinacea (see 

above). In ~ja clavata, however, adrenaline in all doses 

stimUlates the ant~um. Nevertheless, in both Raja naevus and 

Raja ~lavat! faradic stimUlation of the aaterior gastric artery 

had an excitato~y effect upon the antrum. 
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CHAPTER IV 

DISCUSSION 

We shall first discuss the effect 01' temperature upon 

the motility 01" the gastro-intestinal traot. It can be in

ferred from these experiments that a rise of temperature causes 

an inereased rate of spontaneous rhythm in the gastro-intes

tinal musculature of the skate. A similar condition has been 

found by other workers to prevail in a large number of other 

physiological processes. 

It has been shown by the above experiments that the 

lower temperature limit at which contractions exist varies for 

different parts of the stomach and intestine. Thus the minimum 

temperature for the cardia is 7° to 8°c., i'or the fundus 3.0° to 

5.5°0., for the antrum 1.5° to 4.0°0., for the pyloriC sphincter 

1.50 ~to 3.0°0., and for the spiral intestine and valve 3.0°0. 

Hence it can be seen that as the temperature is lowered inacti

vity will first appear at the oardia and spread down to the 

pyloriC sphincter and spiral intestine and valve. Complete 

inactiv ity will exist at about J •. rfC. On one occasion in this 

series of experiments, contractions were obtained in the antram 

of the stomach at 0.9°0. The fact that contractions can stil1 

exist at such low temperatures indicates that the p~sleo-ahem1-

oar processes underlying musau1ar contraction in the skate must 

be of an extraordinary nature. 

Alvarez (1928) believes that the gastro-intestinal con

tents in mammals pass in an aboral direction because there is a 
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gradient of rhythmicity, excitability and metabolism in the 

tract. In various mammals he has found that the fundic region 

of the greate'r curvature of the stomach contracts more slowly 

than the lesser curvature in the same region, that the antral 

portion of the gre~ter curvature contracts more slowly than the 

fnndlc part, that the pyloric sphincter contracts more slowly 

than the antra.l region of the greater curvature, and so down the 

alimentary tract. The experiments or Brown and McSwiney (1926) 

in dogs and cats along this line give indications of suoh a 

gradient in the former but not in the latter. A glanee at the 

findings in our series of experiments will show that suoh a con

dition does not exist in the stomach of the skate, as the pyloric 

sphincter has the greatest rate of contraction. However, if 

one were to disregard the pyloric sphincter, a very de1~inite 

gradient can be determined. The experiments on the intestine 

also show that a gradlent exists here. It is suggested that, 

with the exception o~ the pyloric sphincter, a definite gradient 

does exist in the gastro-intestinal tract oi the skate, and that 

the reason why the pyloric sphincter has a high rate 01' contrac

tion is that its function is that of a Darrier and not that of 

a propelllng mechanism. Independently of us, McSwiney and 

Pyrah (1932) recently came to analogous conclusions. According 

to them the pyloric sphincter in the dog is normally contracted, 

and relaxes some 2 to 4 seconds after the onset of antral con~ 

,traction for a period of some 6 seconds. 
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A point of interest is the fact that, whereas the 

upper end of the spiral valve has a more rapid rate of oontrac

tion than the lower end, yet the upper end of the spiral intes

tine has the same rate of contraction as the lower end. This 

fact may be explained by the hypothesis that the outer wall, 

i.e. the spiral intestine, has merely a churning function, where

as the spiral valve is the real motive force that drives the food 

material towards the-.'rectum and colon. 

Another point of interest is the fact that only sharp 

spasmodic contractions coming at intervals of about half~an-hour 

could be bbtained in the colon and rectum. It is suggested that 

these two parts merely act as a receptacle for food residues, 

and contract spasmodically and powerfully every half hour or so. 

This contraction may be brought on by a mechanical stimulus such 

as stretching, which would tend to show that, as soon as the 

colon and rectum reach a oertain degree of distenSion, they 

react by powerfully contracting and emptying their contents. 

These hypotheses are further supported by the fact that these 

parts are very distensible. It will be shown also in a subse

quent part of this paper that these parts are remarkably sensi

tive to parasympathomimetic and sympathomimetic drugs, indicating 

a further influence on their aotivity. 

A series of experiments oarried out on Fwldulus hetero

clitus show that the whole process of digestion is also greatly 

influenced by temperature variations. Employing this fish, it 

was found that coincident with a rise in temperature of the water 

in whioh it was kept there was an acceleration of the digestive 
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processes in the first part of the intestinal tract. whereas 

with a fall there was a retardation. The upper limit of tem-

perature at which digestion in Fundulus can proceed properly is 

about ;0°0. Above this point the process becomes irregular and 

at 3,00. most of the experimental animals died. The lower limit 

of temperature for digestion is between 7° and 60 C. 

almost unchanged food was aspirated from the duodenum more than 

261 hours after feeding. The fish at this temperature were 

motionless and would not take food of their own accord. Analo-

gous results were obtained by furbin in the oase of Bans 8SCU-
'-

lenta. 

In the matte~ of the interpretation of the temperature 

relationships of the digestive process observed in this investi-

gation the van't Hoff or R.G.T. rule may be applied. The Ql0 

calculated from the data presented in the table on paae }5 

gave values varying between 1.44 and 3.06. using two valid pOints 

for each. The temperature quotient expressed by QlO however, 

does not give a true picture of the relationship between tem-

perature and the rate of a given biological prooess. The ma-

jority of investigators apparently prefer the formula of Arr-

heniu8. As Crozier (1924) pOints out,--"For certain vital 

activities which may be taken 8S typical it is found that the 

underlying or controlling processes may be treated as systems of 

'irreversible' first order reactions. To such processes the 

equation of Arrhenius should be applied." 

For the above reasons the results obtained in this iB-

vestigati'on have been interpreted according to Arrhenius, and 
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in the graph given herewith log. K has been plotted against it
When this is done it can be seen that two straight lines are 

ohtained. This is explained by the fact that digestion is a 

composite of reactions, both physiological and physico-ch6mical. 

It is known that in such eases the slowest reaction governs the 

rate of the whole. At low temperatures one reaction having a 

low-temperature coefficient is dominant. As the temperature 

rises dominance pasaes suddenly -to another ~eaetion having a 

higher temperature coefficient. The application of Arrhenius' 

formula seems to be justified by the results obtained in this 

investigation. Using valid pOints, p.. or the coefficient of 
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FI81HU!l l.-The influence of temperature upon digestion in Fundulus heteroclitus. 
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activation, has been calculated for both high and low temperat~e 

ranges at 21,000 for the fo~mer and 7,000 for the latter. At 

the upper and lower ends of the temperature range the relation

ships do not hold. P~obably there are three reasons for this; 

(1) inhibition of enzyme action; (2) cessation of secretion of 

the digestive fluids; (3) paralysis of the motility of the ali

mentary canal. 

Finally. under the head of temperature relationships 

must be discussed the findings in the above series of experiments 

upon the survival time of tissue taken from the stomaoh and kept 

at different temperatures under different conditions. A glance 

at the~'result8 shows that the survival time at each temperature 

can be said to be exactly the same under t~ese three vastly 

different conditions. Thus the tissue will live."about 30 hours 

at 20°0., about ;8 hours at 15°0., about 50 hours at 100e., about 

132 hours at 5°0., and about ;24 hours at oOe. (This last 

figu~e was only determined for strips of musole prese~ved in the 

excised condition because of the great difficulty of obtaining 

such a low temperature steadily over a period of two weeks, with 

the apparatus available; but it would seem that one is justified 

in supposing that it would also apply to the other series of 

experiments, since the figures are exactly the same for the 

three series at 2000., 1500., 100e., smd 508.). 

In the matter of the interpretation of the above results 

the van't Hoff or R.G.T. rule may be applied. Q10 calculated 

from these has the following values: 1.66, taking the points at 

293 0 and 28;° absolute; 3.47, taking the pOints at 288 0 and 2780 
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absolute; and 6 . 48 taking the points at 2830 and 2730 9.bso 1.ute. 

It can be seen f rom these figures that the value of QlO increases 

enormously as the temperature goes down. Similar results have 

been obtained in ot her like processes (&.G. Huntsman, person8~_ 

communication) . An ade~uate reason for such a tremendous in-

crease in the value of QI0 is very diffjcult to find. 
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fI8tHUg I.- Survival time of gastric musculature of Raja in relat ion to temperature. 

Another feature appeared Quite prominently in all 

these experiments. The tjssue of the fish would remain firm 

and odourless until just about twenty-four hours before contra -

tions could no longer be obtained. '.lhen, regardless of the tem-

perature at which the fish were being kept, the flesh would sud-

denly and rapidly show signs of diSintegration, that is, it would 

become soft and ~ive off a strong odour which at first was not 
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unpleasant but soon became SQ. These rapid changes which cul-

minate in a complete loss of vitality would seem to be explained 

by the findIngs of Reed (1925)i if the bacterial g~owth in fish 

musele was inhibited by toluol, there was a very slow, followed 

by a rapid hydrolysis of the proteins, as measured by an increase 

in non-coagulable and ammonia nitrogen. When bacteria were 

allowed to develop in muscle. although the increase in non

coagulable and ammonia nitrogen was approximately the same as in 

the 8utol,tic reaction for the first sixteen to eighteen hours, 

from this time on the combined action of the autolyzing enzymes 
, 

and the bacteria1 resulted in a very much more rapid protein 

transformation. 

Of the two processes mainly conoerned in the disinte

gration of tissue, autolytic and bacterial, the former would 

seem to be the more important, since i~ the latter were the mare 

important, it would be difficult to conceive how tissue kept 

under such vastly different conditions would, nevertheless, have 

the same lease of life when kept at the same temperature. This 

conclusion supports the findings of Gibbons and Reed (1930) that 

autolysis is a necessary pre-existing oondition for bacterial 

decomposition. 

The results of the experiments dealing with the effect 

of adrenaline, pilooarp1ne, acetylcholine and ergotoxine have 

been summed up in the following tables. 
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Effects of dtugs on gastric musculature in Raja 

-Regioii Adl:enaline Aoetylcholine Pilocarpine 
1:250,000 1:100,000 1:100,000 

Cardia Stimulation Stimulation Stimulation 

Fundus Stimulation Stimulation Stimulation 

Antrum Inhibition Stimulation Stimulation 
(minute do)es 
stimulate 

Pyloric Stimulation Stimulation Stimulation 
sphincter 

Effects of drugs on intestinal mneculature in Raja 

Region Adrenaline Acetylcholine .;:'Pilocarpine 
1:2.50,000 1:100,000 1:250,000 

Spiral intestine: 
Upper end .•••• stimulates stimulates stinmlates 
Lower end •..•• u " n 

Spiral valve: 
Upper end ••••• tt " doub11flll effec t 
:&ower end ••.•• n .. 11 n 

Colon •••••••.•••• JI 11 stimulates 

Rectum ••••.•••••• ff " " 
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The effect of ~ugs on the stomach and intestine. 

Region Effect of Effect of Adrenaline Effect of Acetyl-
Ergotoxine after El-got oxine choline or Pilo-

carpine after atro-
pine. 

I.Stomach 
~a~ hndus Stimulation Stimulation nil 
b Antrum Stimulation at imula t ion nil 
c Pyloric 

sphincter Stimulation Stimulation nil 

II.Spiral 
intestine nil nil nil 

IlI.Oolon nil nil nil 

IV. Rectum nil nil nil 

We first shall discuss these effects upon the gastric 

musculature of the skate. It is inte~esting to compare these 

with the results obtained in mammals. B1-own and McSwiney (1926) 

have dealt very comprehensively with these drug effects in the 

dog and the cat. They found that adrenaline has an excltatary 

effect upon the cardia, causing a sharp rise in the base-line 

followed by a slow return to normal. In the fundus there is a 

complete inhibition of the contractions, with a slight relaxation 

in tone, and 1f the drug is given after pilocarpine inhibition 

also occurs. In the antrum they found that a~enaline also 

causes inhibition, the contractions being reduced in h.~8ht, but 

there being no change in the base-line. Relaxation only occurs 
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after pilocarpine. which raises the base-line. In two prepara

tions from the dog but never from the cat they found indications 

of stimulation in the ant-ral region. The effect of adrenaline 

upon the pyloric sphinoter is almost identical with that in the 

antrum. 

The peculiar effect of a~enaline upon the antrum of 

the skate is difficult to explain. Gruber (1922) and others 

found that lar8e doaes of adrenaline inhibited the gastro-intes

tinsl musole of frogs. while minute doses stimulated it. Ka1-

treider (19}O) found in the case of the pyloric sphincter of 

terrapin that in all cases but two adrenaline had an inhibitory 

effect on the rhythmic contractions initiated by pilocarpine. 

and in these two had no effect at all. 

The significance of the data concerning the different 

reaction of various parts of the gastric musculature to adrena

line is evident. We are dealing here with the problem of the 

character of the response--excitatory or inhibitory--of the 

given tissue to the nervous or humoral stimulus. The inter

pretation of these facts is, however, difficult. Two tentative 

explanations may be suggested at the present time, but further 

investigation will be necessary to show which of these is correot. 

The effect of adrenaline upon the gntral region of the 

skate's stomach may be explained by the hypersensitivity of this 

region to the drug. ~he fact that tissue from this region that 

has been kept for three or four days at oOe., is stimulated by 

all effective doses of adrenaline would seem to SUpport this 

view. 
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This effect might also be explained by the hypothesis 

that two types of sympathetic inne~vation exist in the ant~ 

near the pyloric eansl, one type inhibitory in function, the 

other exaitatory. With large doses of adrenaline the inhibitory 

effect is dominant, while with m1n~te doses the excitatory effect 

predominates. In the skate the sympathetic nervous system Is in 

a primitive state of development as compared with that of the 

higher animals. In the dog the inhibitory effect predominates 

throughout the stomach except in the car lis and pylorus. In 

other words, from the evolutionary standpoint the sympathetic 

nerves of the excitatory type appear first, and the sympathetic 

nerves of the inhibitory type develop later, appearing first in 

the antrum and finally spreading throughout the stomach and be

coming dominant. 

That adrenaline stimulates the muscular tissue taken 

from the antral region, after it has been kept for a few days, 

may be explained by the fact that the inhibito~y nerves degener

ate first. 

Brown and McSwiney (1926) found that atropine had an 

inhibitory effect upon the normal rhythm throughout the whole 

stomach of the dog and cat, its effect being Similar in many 

ways to that of adrenaline. If atropine is given before pilo

carpine, the latter will have no effect, if given after, it will 

inhibit the action of pilocarpine. As above stated, in the 

skate atropine by itself has no ef~ect, and if given before pilo

carpine the latter has no effect. If si.en after pilocarpine or 

acetylcholine there is 8 slight inhibition followed by a restora-
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tion of the norrral contractions. These results are interesting 

in the light of the theory of Magnus (1925) who claims that 

atropine acts upon the acetylcholine, neutralizing it in some 

chemical way, and not upon some part of the parasympathetic ner

ves themselves, as some investigators think. 

Pilocarpine has a stimulating effect upon all parts of 

the stomach or the dog and cat. Brown and McSwiney (1926) found 

that under the influence of pilocarpine there is a oonsiderable 

rise in the b-ase-line in the cardia and fundic regi one , with less 

rise in the antrum, and seldom any rise in the pyloric sphincter. 

These tonic changes are the only difference between the response 

of the stomach of the dog and cat to pilocarpine and that of the 

skate. 

It is believed now that the 'ff,et of acetylcholine sti

mUlates parasympathetic stimnlation more exactly than that of 

pilocarpine. As far as the action of different drugs justifies 

the conclusion concerning the presence of a certain type of ner

vous system in an organ. the very definite and generalized effect 

of aoetyloholine throughout the skate's stomach lends support to 

the idea that this organ possesses a well developed parasympa

thetlc nerve supply. 

It is difficult to reconoile the results of this series 

of experiments with those of Dreyer (1928-29). where he found 

that strips taken from the ascending limb of the skate's stomach 

were not affected by pilocarpine and atropine, but were stimulated 

by adrenaline. Perhaps the reason 11es in the fact that he used 

a different nutrient solution, namely Mines' t modified by adding 
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0.5 g. NaHCO, per litre. The fact that he found adrenaline to 

be always excitatory might be accounted for in that none of his 

strips came from the central region of the stomach. 

A few experiments were carried out on strips of the mus

cular layer, cut so as to record mainly the contractions of the 

longitudinal layer of the stomach. The contractions of such 

strips were aa a rule faster and more irregular in rate and shape 

than those obtained from strips cut so as to show mainly the con

tractions of the circular layer. Kuroda (1924) found no rhythmic 

contractions of any magnitude in such longitudinal strips cut 

from the fundus of the dogls stomach. He 81so found that acetyl-

choline caused contractions, but was without effect after atropine, 

and that adrenaline usually caused contractions. 

From the results of the experiments dealing with drug 

action on the intestine, it can be seen, first, that adrenaline 

has a well-ma~ked excitatory effect throughout, which is in con

firmation of the findings of ~eyer (1928-29). This is further 

evidence of a well-developed sympathetic nerve supply to the in

testine of the skate, a fact which was first shown by Bottazzi 

(1902). Babkin and Maciay-Sawyer (personal commtnication) also 

found that by stimulation of the superior mesenteric artery they 

were able to stimulate the contractions in the spiral intestine. 

Lutz (1931) found that adrenaline caused a decrease in the tone 

and an inhibition of the motility of the posterior end of the in-

testine and reotum. The results of our series of experiments 

do not agree with this but do agree with his further finding that 

stimulation of the posterior splanchnic nerves causes an increased 

motility of these parts. 

results is very difficult. 

Just how to explain these two different 

Roth (personal commanhcation) has 
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been able to confirm the fact that adrenaline has an inhibitory 

affect on the rectum and colon. He used a temperature of 1700. 

and a different nut~ient solution. Perhaps the explanation 11es 

in these two facts. 

On two ocoasions adrenaline caused inhibition instead of 

stimulation in the spiral intestine. This double effect of 

adrenaline is not nearly so sharply demarkated as it is in the 

antral region of the stomach, where adrenaline in concentrations 

greater than 1:1.000.000 inhibits, but stimulates in concentra

tions less than this. This double effect may be due to a hyper

sensitivity of these parts to adrenaline under certain oonditions. 

This latter theory would seem to fit in better wit.h the fact that 

only sometimes is an inhibitory effect obtained in the spiral 

intestine (vide supra). 

Gunn and Underhill (1915) found that adrenaline had a 

stimulating effect upon the muscularis mucosae of the gastro-ln

testinal tract of the cat. A directly compa~8ble result was 

found in this series of experiments on the effect of adrenaline 

upon the spira1 valve, since this part is supplied with muscle 

derived from the muscularis mucosae of the spiral intestine. 

The marked excitatory effect of acetylcholine on all 

parts of the intestine tends to show that there is a well-develop

ed parasympathetic motor nerve supplt to these parts. Bottazzl 

(1902) first showed that stimulation of the vagus nerve had a 

strong excltatory effect upon the spiral int~st1net but no effect 

upon the colon and rectum. However, if he stimulated the 45th 

to 48th segments of the spinal cord, he could obtain marked sti-
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mUlation of these latter two parts, an effect which took placet 

he thoughtt through a sympathetic outflow. The results of our 

investigation on excised strips of colon and rectum showed that 

acetylcholine has a marked excltatory effect, whioh would lead 

one to believe in the existence of a parasympathetic nerve supply 

to these parts. Bottazzl's experiments show that this supply 

does not come from the vagus. One may speculate on the existence 

of a parssympathetic outflow from the lower end of the spinal 

cord oompa~able to the sacral outflow in mammals. Perhaps 

Bottazzl stimulated this out·flow when he stimulated the 45th to 

48th segments of the spinal cord, rather than a sympathetic out

flow as he thought. 

Gaskell (1920) expressed an analogous opinion as regards 

the nerve cells lying olose to the surface of the cloaea of Ammo

coetes. Dohrn (1888) called these cells sympathetic, but Gas

kell points out that Dohrn used the term "sympathetic" vaguely 

and that the cells in question oorrespond in position to the cells 

of the pelvic plexus in higher vertebrates and therefore indicate 

that group. 

It is ve~y desirable that a special morphological examina

tion of the innervation of the hind part of the intestine should 

be made. 

The results obtained wi th pilocarpine in this series of 

experiments, in which it was found that the drug had an excitatory 

effect on the spiral intestine, rectum and colon, but an indefinite 

effect upon the spiral valve, do not agree with those of Dreyer 

(1928-29). who found that the drug had absolutely no effeot on 
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the spiral intestine and valve. The very indefinite effeot of 

pilocarpine on strips taken from the spiral valve may be explained 

by the fact that strips taken from this part are oovered on both 

sides with mucosa, which may make it difficult for the drug to 

penetrate. 

Atropine by itself was found, as in the stomach, to have 

no effect, but if it were introduced after pilocarpine or acetyl

choline, it restored the contractions to normal. 

Another point deserves mention. Pilocarpine and 

acetylcholine followed by adrenaline or vice versa has an additive 

effect on the gastro-intestinal contractions. This fact indi

cates that in the gut of elasmobranchs the parasympathomimetio 

and sympathomimetio drugs have not an antagonistic but asynergic 

effect. An interesting case of the synergic effect of ~pine

phrine and parasympathetic drugs on isolated strips of guinea

pig's small intestine was demonstrated also by Bernheim and 

Blocksom (1932). 

The effect of ergotoxine in the skate was interesting in 

that it differs ma~kedly from that in the mammal, where it has 

first a stimulatory and then a paralysing effect upon the sympa-

thetic nerve endings. In this investigation an excitatory 

response to ergotoxine was usually obtained in the fundus and 

antrum of the stomach. In the spiral intestine, colon and rec

tum the drug usually had no apparent effect, and in the pylo~1c 

sphincter gave indications of stimulation. 

The effect of adrel~line following ergotoxlne is also 

very interesting. In the spiral intestine, colon and rectum 
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these drugs are antagonistic in their action, 0.6 o.c. of ergo

toxlne praotically always inhibiting 0.2 to 0., c.c. of adrenaline. 

But in the stomach no such antagonistic action occurred, even when 

massive doses of ergotoxine were given, except where the vitality 

of the muscle was low, in which case the lessened response to 

adrenaline was probably due to lack of vitality and not to the 

action of the argotoxine. 

These differences between the mammal and the elasmobranch, 

moreover, the irregularities in response of the different parts of 

the gastro-intestinal tract of the fish itself, are dIfficult to 

explain. 

We now come to t-he experiments dealing wi th the function 

and structure of the large arteries of the skate. The findings 

from these investigations demonstrate the fact that the large 

arteries of Raja liaphanes and stabullforls are of two main types, 

elastic and muscular. Both these show a characteristic reaction 

to distension. However, the muscular type react by contraction 

to the presence of drugs like adrenaline, acetylcholine, and 

barium chloride, whereas the elastic type do not. It also has 

been shown by these experiments that both the circular and longi

tudinal layers of muscle ente~ into the response of the muscular 

type of artery to these drugs. 

When considering the response of blood vessels to a~ena

line, two facts should be kept in mind; first, the presence of a 

muscular layer. second, the innervation. In our series of ex

periments it was observed that adrenaline provoked a greater res

ponse in arteries of the muscular type in Raja stabuliforis than 
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in diaphanes, where the muscular layer is thinneri and there was 

no response from the ventral aorta to adrenaline in either variety 

of skate, the aorta containing only a very thin muscular layer. 

It is interesting to note that it has been demonstrated by Cow 

(1911) that strips of the mammalian pulmonary artery taken near 

the periphery reacted to adrenaline weaker than those taken 

nearer the lumen. 

Great controversy has and is still raging concerning 

the point of action of adrenaline. It is most commonly believed, 

now, that this drug acts peripherally on structures having sym

pathetic innervation. The work of Schmitt (1922) on the plaoen-" 

tal blood vessels is usually quoted as proving that the reaction 

of the blood vessels to adrenaline depends on the presence of 

nerves to these vessels. Schmitt showed that the placental 

blood vess·els react in the same way as other blood vessels to 

electriDalor thermal stimulation and to barium chloride and hiS

tamine. However, adrenaline even in high concentrations pro

dueed no effect, or else a very insignificant one. Nevertheless" 

it is not as yet clear on what part of the neuro-.uscular 

apparatus of a blood vessel that adrenaline aets. 

This in.estigation of ou~s has shown that in elasmo

branoha the arteries of the muscular type (coeliac, superior 

mesenteric and anterior intestinal arteries) are surrounded by a 

network of nerve fibres. Since the great sympathetic trunks fol

low these arteries, it is very probable that their nervous net-

work is derived from the sympathetic nervous system. Therefore 

the positive motor effect of adrenaline in elasmobranch fishes 
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may be due to the presence of sympathetic innervation of the 

arteries. 

The fact that in the skate many of the arteries arising 

from the system of the dorsal aorta react to a~enaline by con

striction exp1aines somewhat, at least, the rise of blood pressure 

in this fish after intravenous injection of adrenaline (~~cK8y 

1931). Further investigation is neoessary to show whether or 

not arteriolar constriction takes part in this phenomenon. 

We have mentioned above that in certain condition., when 

the preparations were p:eesumably weakened, a dilator effect was 

obtained. A similar condition has been observed by many workers 

in mammalian arte~ies which usually react to this drug by con

striction (~8wkow, 1922, found this occurred in inflammation; 

Ogs.a, 1912, ~bserved it after. prolonged perfuslon of mammalian 

organs with adrenaline; and, Schilf and Feldberl, 192;, found it 

occurred after repeated use of adrenaline on frog preparations.) 

After careful consideration of all the above facts, one 

may safely say that the reaction of the muscular arteries of 

elasmobranch fishes to a~enaline is analogous to the ~eaction 

of mammalian arteries. 

1'he effect of acetylcholine on the blood vessels of the 

skate is different from that obtained in mammals. Dale (1914), 

Dale and Richards (1918) sad Eunt (1918) demonstrated that mam

malian arteries dilate under the influence of acetylcholine. 

The effect of this substance on the blood vessels is purely per1-

pheral and is independent of any nervous connection. Dale and 

Richards in their perfusion experiments used the superior mesen

teric artery of the cat with its branches and fine ramifications 
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passing on to the small intestine. The addition of 0.001 mg. 

to 0.002 mg. of acety1eholine to the perfused blood greatly in

et-eased its outflow from the fine at-teries. Reoently Gaddum 

and Holtz (1933) showed on cat and dog lungs perfused with blood 

that "small doses of acetylcholine p~oduced vaso-dilation in cats 

and sometimes also in dogs." Larger doses produced vaso-constric

tion. In cats this occurred both on the inflow and outflow, 

but in dogs the action was mostly on the inflow. 

Small doses of acetylcholine injected into the frog pro

duce after a brief vaso-constriction a marked dilatation of the 

arterioles accompanied in most cases by a slight dilatation of 

the capillaries, while the venules remain unaffected (Doi 1920). 

Acetylcholine in a concentration of 0.005 per cent. applied to 

the frog's web produces a powerful dilator effect on the arteries 

from the largest visible down to the arterioles (xrogh 1921). 

Quite different results were obtained in frogs whose blood vea

sels were perfused with Ringer solution. Acetylcholine in di

lations of 1:10.000 to 1:100,000 (Amsler and Pick 1920) and even 

in a dilution of 1:1 billion (Teschendorf 1921) produced a strong 

vaso-constriction. Atropine abolished this effect of acetyl

choline (Kolm and Pick 1920). No analysis was made of the dis

crepancy between the mode of action of acetylcholine in a·. whole 

frog and in a preparation with blood vessels perfused with Rin

ger solution. Howe~er, it seems that the presence of blood in 

the ciroulatory system is of great importance in regard to the 

type of vascular reaction to acetylcholine. 
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Both the circula~ and longitudinal layers of the iso

lated elasmobranoh al-teries reacted to aoetylcholine by contrac

tion rather than by dilatation. This fact may explain, in part 

at least, the pressor effect of intravenous injections of acetyl

choline in the skate observed by MacKay (1931). In this latter 

case the possibility that acetyloholine stimulates the ganglionic 

cells of the sympathetic nervous system is not excluded by our 

findings. 

It is not easy to interpret the stimulating influence of 

acetylcholine on the blood vessels of e1asmobranohs. Since the 

arteries in the skate are presumably innervated by the sympathetic 

system alone, it would be logical to suppose that aoetylcholine 

acts, not on the nerve endings or on some kind of myo-neura1 

junotion in them, but on the muscle oel1s themselves. In rela

tion to this it is interesting to note that some investigations 

indicate that the muscles contain two kinds of muscular fibres-

"tonic tt acetylcholine-positive and "tetanic tf acety1cho1ine- nega

tive (Sommerkamp 1928). The muscles of invertebrates react the 

better to acetyleholiae, the greater the tendency of the indivi

dual muscle to "tonic" oontraction (Biesser 1931). According 

to Rtlokert (1930), reaction to acetylcholine has been noted in 

the phylogenetically younger musoles, whereas the phy1ogeneti

cally older muscles are not stimulated by this drug. 

These explanations are very interesting when one con

siders the results of our series of experiments. One hesitates 

to definitely apply them, all that can be said is that they are 

highly suggesti~e. However, this much is clear. As shown by 
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our above experiments on the gastro-intestinal traot, and upon 

the blood vessels in elasmobranch fishes these tissues give a 

positive motor reaction to adrel~line and acetyloholine. These 

same two drugs, when applied to similar struotures in mammals 

give opposite effects. 

Finally, let us oonsider the effect of autonomic nerve 

st~lation upon the motility of the gastro-intestinal tract. 

This has been Bummed up in the following table on page 100. 

In 1811 eases where the artery was stUBnlated faradically 

an excitato~y response in the muscle was obtained, except when the 

gastro-pancreatlco-duodenal artery was stimulated, whereas single 

break or multiple break stimuli (i.e. ten or twelve break stimuli 

as fast as the hand could make them) did not give any response. 

A possIble explanation is that what McSwiney and Robson (1929b) 

call "peripheral summation of stimuli," is necessary b~fore an 

excitatory effect is evidenced by the methods used in this series 

of experiments. These writers believe that this phenomenon 

probably represents a swmmation of nerve impulses in Auerbach's 

plexus. 

The presence of a periarterial plexus of nerves in the 

skate. probably sympathetic in origin, has been demonstrated 

(vide supra). It is probable that these fibres are derived 

from the coeliac plexus, and as well as carrying sympathetic 

fibres to the artery itself, carry fibres in some cases to smooth 

muscle, as occurs in the mammal. EVidence of the existence of 

such 8 system has been found by Babkln and MacKay-Sawyer (per

sonal communioation) who on stimulation of the coeliac plexus 



Region 

I. Stomach 

(a) Fundus 

(b) Antrum 

(c) Pyloric 
spllincter 

11. Spiral 
intestine 

Ill. Colon 

IV. Rectum 

Region 

I. Stomach 

(a) Fundus 

(b) A:i1'i1rum 

(c) Pyloric 
sphincter 

1I. Spiral 
intestine 

Ill. Oolon 

IV., Bectum 
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E£feet of Artery 
Stimulation 

Break Faradic 

nil St1mula-
tion 

nil Stimula-
tion 

* * 
nil Stimula-

tion 

nil Stimula-
tion 

nil Stimula-
tion 

. 

Effect of Art •. 8t1Il. 
after Ergotoxine 

Stimulation 

Stimulat ion 

Stimulation 

Stimulation 

StimJU§tion 

Stimulation 

Effect of Vagal 
.. Stimulation 

Break Faradic 

St1mula- StimulA-
tion tion 

* * 

* * 

* * 

* * 

* * 

Effect of Atropine 
on Vagal Stimulation 

nil 

* 
* 

* 

* 
* 

*These erperiments were not carried out as it was impossible 

to obtain a nerve muscle preparation. 
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obtained contraction of the duodenum. The present series of 

experiments indicates that the stomach is supplle-d by sympa

thetic fibres carried along the anterior gastric artery and that 

the gastro-pancreatico-duodenal artery does not form part of the 

system, probably beoause it is a distant branch of the coeliac 

axis, that the spiral intestine and colon are supplied by fibres 

carried along the superior mesenteric artery, and the rectum by 

fibres along the inferior mesente~lc a~tery. 

The results of Babkin, li1riedman and MacKay-Sawyer (in 

press) give ample verification of the results of these experi-

menta on nerve stimulation. They also found, by entirely dif-

ferent methods, that both vagal and sympathetic nerve stimula-

tion cause increased contractions of the skate's stomach. More-

over, they found that the sympathetic and parasympathetic systems 

were synergetic in their action on the stomach and not anta-

gonistic aa they are in the mammal.~ Several others have ob-

tained similar results (Bottazzi, 1902; Babkin and MacKay-Sawyer, 

19}1i ; Lutz t 1931). Similarly our results, obtained with para-

sympathomimetic and sympathomimetic drugs gave indications of such 

a state of affairs. M~ller and Liljestrand (1918) found that 

vagal stimulation subsequent to sympathetic stimUlation sometimes 

inhibited the excitatory effeot of the latter. The other workers 

do not confirm this, and the bulk of the evidence shows fairly 

conclusively that the t.wo parts of the autonomic nervous system 

are synergetic in their aation. These findings are not easy to 

explain. Miiller (1920) believes that the Ugastric plexus" in 

Squalus acanthias (8 Selachian) is a true nerve net in which -
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neurofibrils pass from one nerve oe11 to another, similar to 

the nerve net in the sea anemone. This nerve net is connected 

with nerve ends which M~ller believes are of vagal origin. He 

does not make clear the relation of sympathetic fibres to the 

tfgastric plexus." But if the ~pathetic nerves are in relation 

with it, it is easy to understand how both vagal and sympathetic 

stimulation have similar effects. Dale (1933) has suggested 

that the autonomic nervous system in mammals be not divided into 

sympathetic and parasympathetic systems, but into "cholinergio" 

and "adrenergic" depending on whether stimulation of an autonomic 

nerve causes effects similar to that of acetylcholine Ol:' ad

renaline. Looked at from this point of View, the conditions 

found in the skate at once become less difficult to explain. 

It would seem that in the skate the autonomic nervous system is 

so primitive that division into two parts is not possible, at 

least on functional grounds. We cannot distinguish "choliner

gic" and ftadrenergic" fibres. The neuromuscular system reacts 

p.actically in an identical manner to acetylcholine and adrena

line. Independently of each other Young (1933). and Babkin, 

Friedman and MacKSy-Sawyer also came to the conclusion that there 

was little evidence in the fish for division of the autonomie 

nervous system into antagonistic parts. 

A further difference in the effect of ergotoxine on 

mammalian and skate muscle (besides that mentioned above under 

drug effects) was observed in that nowhere in the gastro-lntes

tinal tract was an antagonistic action on al:'terial stimulation 

obtained, even when vary large doses, such as 2.5 O.C., were 
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placed in the 100 o.c. of nutrient solution bathing the tissue. 

In fact in one or two cases ergotoxine seemed to make the antrum 

and fundus of the stomach more sensitive to a~ta~ial stimulation. 

The effect of vagal stimulation of the cardiac end of 

the stomach has one or two pOints of interest. Here single 

break as well as faradic. excitation is effective, as McSwiney 

and Robson found in the man~al. Atropine even in large doses 

does not inhibit the effect of vagal stimulation, though these 

doaes will inhibit much larger doses of acetylcholine. This is 

very interesting in the light of the theDry of Magnus (1925) who 

believes that atropine acts upon acetylcholine. neutralizing it 

in some chemical way, and not upon some part of the parasympa

thetic nerves themselves, as sane investigators think. 

This ia interesting in the light of evidence that has 

come up in recent years. Loewi (1921) showed that when the 

vagus is stimulated a substance like or identical with acetyl-

choline is released. He believed that it was this substance. 

acting direotly on the muscle cells, which produced the effect 

of parasympathetic stimulation. In 192; Magnus put forward 

his theory that atropine inhibited the action of parasympathetic 

stimulation not by paralysing the nerve endings, as was then 

thought, but by reacting chemioally with the acetylcholine re-

leased it produced an inert substance. This theory has re-

ceived confirmation in the results from .==e later experiments 

carried out by Loewi and Navratil (1924) whenthe,r found atropine 

did not prevent the release of acetylcholine but merely prevented 

it acting. Any evaluation of our results is necessarily very 
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speculative until more work is done. But it would seem that 

owing to some peculiarity of the skate muscle cell, such as 

peculiarities in the permeability of the cell membrane, the 

acetylcholine dialyses into the cell before it is inactivated 

by the atropine. One thing is certain, our results are not due 

to some peculiarity of our technique, because exactly similar 

results, using an entirely different technique, were obtained 

by Babkin, Friedman, MacKay-Sawyer, (in press). 

Control experiments were performed which showed that 

the excitation must have been carried by nerves and not by Cdn

duction through other tissue or through the solution. These ex

periments make the phenomenon of so-called tltransferred stimula

tion," spoken of above, of greater significance. The fact that 

it ocourred only when two strips of stomach were in the bath is 

further evidence that it was not due to the pa-ssage of an induced 

current through the solution. It is possible that same 

"excitor substance tl was liberated from the sympathetic nerve 

.ndings of the stimulated strip and this reached a sufficient 

concentration in the solution to affect the other strip of muscle. 

If this hypotheSis is true, we have here an interesting example 

of the humoral factor in nervous stimulation. 
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CHAPTER V 

SUlmARY 

I. TEMPERATURE RELATIONSHIPS 

1. Effect of temperature variations upon the motility 

of the gastro-intestinal tract of elasmobranch fishes. 

A rise of temperature causes an inc~ease in the rate of 

the spontaneous oontraotions of all parts of the gastro-intes

tinal tract. 

The upper temperature limit at which contractions exist 

is about the same for all parts of the stomach and intestine, 

viz., about 24.5°0. The lower limit varies for different parts. 

being for the cardia 70 to 8°0., for the fundus 3.0 0 to 5.5°0., 

for the antrum 1.5° to 4.0 0 C., for the pylorio sphincter 1.50 

to 3.0°0., and for the intestine about ;.OoC. 

The rate of the contractions at any one temperature is 

different in one part of the stomach from that of another. The 

parts named in order of descending rate are: pyloric sphincter, 

antral and fundic regions of the lesser curvature, fundic por

tion of the greater curvature and antral portion 01' the greater 

ourva tur e • 

The uppe~ end of the spiral intestine has the same rate 

of oontraction as the lower end, whereas the upper end of the 

spiral valve has a more rapid rate than the lower end. The 

colon and rectum only give spontaneous spasmodic contractions 

at intervals of about half-an-hour. 
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If one disregard the rapid rate of contraction of the 

pyloric sphinoter, Alvarez's theory of gradients is upheld by 

the results of these experiments. 

2. Effect of temperature variation upon the rate of di

gestion (in Fundulus heteroclitus). 
• • • • 

~he rate of the digestive prooesses is increased by 

elevation of the temperature of the water in which it is kept, 

and decreased by its lowering. 

The upper temperature at which digestion stops is about 

The lower limit is between 70 and 600. 

Apart from the general influence of the temperature of 

the environment upon all vital processes, the influences of tem-

perature on enzyme action and upon the motility of the alimentary 

canal are causes of these variations in the digestive process of 

Fundulus. 
I F 

The data obtained in this investigation can be interpre

ted according to the formula of Arrhenius. 

;. Effect of temperature upon the survival time of gas

tric muscle of the skate. 

Three series of experiments were carried out: 

(a) One set of strips of gastric musculature was kept in 

nutrient saline at oOe •• and others at 5°0., 100e., 1,°0. and 

20 °0. to 1 reapee ~ve y. 

(b) Four sets of starved fish were taken and killed. 

One set was kept at ,OC •• and others at 100e., 1500. and 20 00. 

respectively. 

(0) Four sets of freshly caught fish were killed and 

kept at ,oC., 100e., 1500. and 20 00. respectively. 
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The survival time of strips taken from the antrum of 

the stomach in these three series of experiments was the same 

for each temperature. Thus the survival time at oOe. was ;24 

hours, at "oC. 132 hours, at 100e. ,50 hou.rs, at 1,°0 • ;8 hours, 

at ;0°0. ;0 hours. 

These results have been interpreted according to the 

R.G.T. rule. Thus Q~O between 293 0 and 28;° absolute e~uals 

1.66, between 288 0 and 278 0 absolute equals 3.47, and bet. • .een'2S;<>and 

273 0 absolute equals 6.48. 

It is concluded that the autolytic process is more im

portant than the bacterial process in the causation of tissue 

death. 

~here seems to be a very definite critical point in the 

processes leading to tissue death, after which they become muoh 

more rapid. 

II. ~.dE EFFECT OF CEB!)!AIN DRUGS 

Adrenaline sttmu1ates all parts of the stomach except 

the antral region near the pyloric canal, where it stimulates in 

conoentrations of 1:2 t OOO,000, but inhibits in concentrations of, 

or greater than, 1:1.000,000. Adrenaline also stimulates all 

parts of the intestine, though on two occasions inhibition OC

ourred in the spiral intestine. 

This double effect of adrenaline might best be explained 

by a hypersensitivity of these regions to the drug. 

Pilooarpine stimulates all parts of the stomaoh and all 

parts of the intestine, except the spiral valve where the effect 

is doubtful. 
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Acetylcholine stimulates all parts of the gastro-intes

tinal tract. 

Atropine has no effect itself on any part of the stomach 

or intestine, but c~te~acts the effect of pilocarpine and acetyl

choline. 

Ergotoxine phosphate usually stimulates the antrum and 

fundus of the stomach, and usually has no effect upon the spiral 

intestine, colon and rectum, while it has a doubtful stimulatory 

effect upon the pyloric sphincter. 

Small doses of ad~enaline, such as 0.2 c.~. (concentra

tion in bath, 1:500.000) stimulate the fundus. antrum and pyloric 

sphincter even after massive doses of ergotoxine, such as 2.5 c.c. 

(concentration 1:25,000), while in the spiral intestine, colon 

and rectum a~enaline in doses of 0.2 to 0.3 o.c. will not act 

after 0.6 c.c. or more of ergotoxine. (It should be mentioned 

that these last experiments were carried out on Raja maculata and 

not on Raja diaphanes or erinacea like the majority were). 

It is concluded from these experiments that there is a 

well developed antonomio nerve supply to the gastro-intestinal 

tract of the skate. 

Ill. STRUCTURE A1ID REACTIONS TO STIMULI OF ARTERIES 
J E 

In Raja diaphanes and stabuliforis the ventral aorta is 

of the elastic type, while the coeliac and superior mesenteric 

arteries are of the muscular type. 

The large abdominal arteries--coaliac, superior mesen

teric and-stlterior il1testinal--cont8.i~ in their walls a nervous 
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netwo~k of unmedullated fibres belonging probably to the sympa

thetic ne~vous system. 

Arteries of the alastic type show a different reaction 

to distension from those of the muscular type, the effeot reach

ing its maximum quickly on loading, and disappearing quickly on 

unloading. 

Chanl8s in the tonus of the circular and of the longi

tudinal layer in arteries under the influence of rising tempera

ture run a different course, the circular alone contracting (and 

to a maximal extent) at the comparatively low maximum tempera

ture of the water in which it lives, i.e., below 1400. 

The oircular and longitudinal layers of muscles in the 

arteries contract in response to adrenaline, acetylcholine and 

barium chloride. Atropine relaxes an artery oontracted by 

acetylcholine. 

The conus arteriosus reacts both to distension and to 

rise in temperature by showing increased rhythmic activity. In 

several instances adrenaline increased the rate of the rhythmic 

contractions of the conus arteriosus. 

IV. REACTION OF THE GASTRO-INTESTINAL TRACT TO AUTONOMIC 
NERVE STIMULATION 

I 

Faradic stimulation, but not single or multiple break 

shocks, of the anterior gastric artery will stimUlate the antrum 

and fundus of the stomach, of the superior mesenteric artery 

will st~ulate the spiral intestine and colon, and of the in

ferior mesenteric artery will stimulate the rectum. 

This stimulation is probably carried by p~riarterial 



--110--

sympathetic nerves. 

Ergotnxine, even in massive doses has no effect upon 

arterial Bt~ulation of any part of the gastro-intestinal tract. 

Single and multiple break shocks, and faradic stimula

tion of the vagus stimulate the cardiac and fundic regions of the 

stomaoh. 

Atropine, even in large dose~ such as 1.5 e.c., i.e. 

doses that will inhibit much larger doses of acetylcholine, will 

not inhibit this effect of vagal stimulation • 

• --------_._-..... -----------
My thanks are due to the Biologieal Board of Canada, and 

to the director and staff of the Atlantic Biological Station, 

St. An~ews, N.B., and to Dr. E.J. Allen, director of the Labora

tory at Plymouth, England, of the Marine Biological Association 

of Great Britain and to his staff, for facilities provided for 

these investigations. My thanks are also due to Dr. B.E. Babkin 

who suggested this pr'oblem and was of the greatest help in 

directing its investigation. 
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