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THE MOTILITY OF THE GASTRO-INTESTINAL TRACT OF ELAS..OBRANCH

FISHES
J. V. V. NICHOLLS

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

QHAPTER I

INTRODUCTION

The experimental work embodied& in the following thesis
hag been carried out during the last four years and has been
published from time to time in various journals, as each phase
wag brought to completion. 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, acetylecholine, atropine and ergotoxine; and,
finally, to sympathetic and parasympathetic nerve stimulation.
For the last an anatomieal, histological and physiological
gtudy of the vascular supply of the gastro-intestinal tragt was
necesgsary, 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. Riddle (1909) carried out

gome invewtigations on the rate of digestion at different tem-



. N

peratures, which, however, unfortunately, did not reproduce
natural conditions very accurately. He measured the stomach
capacity of various fish, and constructed swett'e tubes to cor-
respond. These tubes were filled with different food stuffs
and placed in the stomachs of the fish under observation. On
removing the tubes Riddle was sble to measure the rate of di=-
gestion. He came to the conclusion that "within certain not
very wide ranges of temperature the rule of van't Hoff applies
to the digestive processes in living cold-bleoded vertebrates
(the average of eight valid temperature coefficients being
2.62)."

Turbin (1925) conducted some experiments, again on the

rate of digestion taken as a whole, using Rana esculenta under

almost normal conditions. Her results are of some value because
of the similarity between the frog and the fishes, both being
polkylothermal vertebrates. She found that both the motility
0f the gastro-intestinal tract and the rate of digestion were in-
creased by & rise in temperature, and also that in the frog di=-
gestion stopped completely at and below 6°C.  She quotes Feliche
Supino, who found that the carp did not digest its food below a
temperature of T7.00C,

Kenyon (1928) worked out the temperature coefficients
of digestion in representative species of fish, amphibia, reptiles,
and memmals. He made extracts of the gastric and intestinal mu-
cosae, and of the pancreas. He then measured the rate of action
of their contained enzymes on various food stuffs at various tem-

peratures. Kenyon concluded that peptic, tryptic and eriptiec
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digestion were always more rapid at 370C. 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
zastro-intestinal motility of the elasmobranch, they do have a
bearing upon certain experiments described in this thesis which
were designed to show the effect of temperature upon the rate of
digestion taken as a whole.

There is more literature, though still scanty, dealing
with the effect of drugs and autonomic nerve stimulation upon the
motility of the gastro~intestinal tract of elasmobranch fishes.
Dreyer (1928-29) demonstrated the excitatory 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 on either the stomach or the spiral valve.
Lutz (1931) partially confirmed Dreyer's results. He found
that adrenaline and extract of the chromophil tissue of the elas=-
mobranch fish he was working on caused a marked increase of tone
and sometimes of motility of all parts of the stomach, but that
thegse substances caused a marked @decrease of tone and inhibition
of motility of the posterior end of the intestine and rectum.
Stimulation of the posterior splanchnic nerves, however, gave an
increage 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

gagstro-intestinal tract of elasmobranch fishes. He found that



--4--

both the vagus and sympathetic nerves supplied the stomach with
motor nerves, and that no inhibitory effeect could be detedted
when either of these nerves was stimulated. Moreover, stimula-
tion of the sympathetic nerves after stimulation of the vagus al-
ways increased the contractions of the stomach. He obtained the
same results with the spiral intestine. However, stimulation of
the vagus or sympathetic nerves did not stimulste 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 & sympathetic nerve outflow from this region
of the cord.

Mdller and Liljestrand (1918) repeated Bottazzi's work
and came to the same coneclusions. Lutz's work (1931) is in
agreement. Babkin and MacKay-Sawyer (personal communication,
1931) also confirmed these findings. They found that by stimu-
lating the coeliac axis contraction of the duodenum was produced,
but this was not a very constant result. Stimulation of the
superior mesenteric artery produced a strong ring of contraction
at the lower end of the spiral intestine, which spread sbout one=
third of the way up.

bDra. B.P. Babkin and D.J. Bowie, with thé suthor, 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
ineluded here. Although the sympathetic innervation of the vas-
cular gsystem in elasmobranch fishes is not developed to the same

degree as in mammals, as shown by Bottazzi (1902), Mdller and
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Liljestrand (1918), Isquierdo (1930), Lutz (1930a), it has been
demonstrated (Mackaygl931) that intravenous injection 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 (Lyon,
1926; Lutz, 1930b), and scmetimes a pressor reflex, during which
the activity of the heart is not markedly changed (lacKay, 1931).
It might be supposed that the sympathetic nervous system or chromo=-
phil bodies participate in this reflex. Since adrenaline produces
only a moderate augmentation and acceleration of the heart con=-
tractions in elasmobranchs (Huntsman, 1932), the great and prolonged
effect of adrenaline on the blood pressure is only to a certain
degree attributable to increased activity of the heart. 1t womid
be natural to explain it by its action on the blood vessels, and
to attribute its pressor effect chiefly to vasoconstriction of the
arteries and arterioles.

However, there are certain faets which stand in the way
of this explanation. Long ago Schoenlein (1895) doubted the
existence 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 asphyxziation, and se on.
MHller and Liljestrand (1918) have 1little 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 fing any sympathetic nerves
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to the heart. Wyman and Lutz (1932 a and b) observed a long-

sustained pressor effect in Squalus acanthus after an intravenous

injection of 2 c.c. of 1:500,000 solution of adrenaline. Since
the percentage increase of diastolic pressure in the dorsal aorte
was greater than that in the ventral sorta, they concluded that
adrenaline produced vaso-constriction peripherally to the gill
capillaries. They perfused the blood vessels of the spiral

valve of Squalus acanthus with solutions of adrenaline and ob-

served microscopically the minute vessels of the tail during the
injection or direct application of adrenaline. »0 evidence of
vaso=-constriction was found in either case. Therefore, the
region of adrenaline was not located.

There 18 very little evidence, with the exception of
the work of Argaud (1908), dealing with the structure or inner-
vation of the blood vessels in elasmobranschs. J.Z. Young (1933)
demonstrated a fine network of nerve fibres, often containing
nerve cells, around the muscular coats of the segmental arteries
and dorsal sorta.

This work on the structure and function 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
gsuspending in a suitable nutrient solution & strip of smooth
muscle excised from the gastro-intestinal tract, in which the
artery or the vagus merve which supplied the part was preserved.
This method was first elaborated by Rabinovitech (1928), using

tissue taken from the oesophagus and stomach 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 effect, but that a single
induction shock or a faradic stimulation caunsed contraction in
a minority of cases, MeSwiney and Robson (1929b) repeated these
experiments and found that stimulation of the vagus nerve with
break shocks or Faradism would cause contraction. This effect
was abolished by the use of stropine. 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 contraction or relaxation was obtained. 1f 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 ceurrent did not
affect the response. Ergotoxine abolished the motor effect.
Recently some very interesting work has been carried
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 stomach of a skate which had been immobilized
by section of the spinal cord or by injections of Dial Ciba.
These balloons were introduced through two small incisions in
the stomach wall, one in the pyloric and one in the fundie por-
tion. They were then connected with Marey's capsules so that
the contractions might be recorded. The parasympathetic and
sympathetic nerves supplying the stomach were stimulated by means
of a Harvard induction eoil. The above mentioned weorkers 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 caused the whole organ to contract, the
contractions beginning at the pylorus and running towards the oeso-
phagus. Any effective stimulation of the anterior splanchniec
nerves produced much more powerful contractions than vagus stimu-
lation did; the contractions again running cephal-ward. They
also found that the vagus and splanchnic nerves were not antagon-
istie in their action on the stomach, as they are in the mammal,
but are synergetic. And finally, it was found by them that
atropine injections stimulated the gastric contractions, and even
in large doses did not inhibit the efféects of sympathetie and
parasympathetic nerve stimulation.

A study of funetion, as embodied in the elasmobranch
fish, would seem to be of very great importanse to anyone wishing
to solve the eomplex physiology of the higher animals such as the
mammal . For, in such a primitive vertebrate as the elasmobranch
we can observe the funetion of a somatic and nervous organisation
in an early stage of development, beifore refimements in structure
and funetion have been added, as it were, to complicate the pic=-
ture. The studies of Chevrel, 1887, Bottazzi, 1902, iflller and
Liljestrand, 1918, Young, 1933, and, Babkin, Friedman aéd iachay-
Sawyer (in press) have clearly shown the simple structure of the
autonomic nervous system of the elasmobranch as compared to that
in the mammsal. The experiments of the author, recorded below,
and those of others, which have been discussed above, show that
its function and its effeet 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 II

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 (1930), based upon Smith's (1929)
chemical analyses of skate blood, was used in the eariier experi-
ments, but it was found that better results could be obtained by
modifying it, namely, by ehanging the proportions of X and Ca 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 NaCl

21.6 g. of urea

0.894 g. of KC1

1.11 g. of CaClp

0.378 g. of NaHCOz

0.06 g. of NaHpPO,

1.0 g. of 4. glucose
The solution was made up before each experiment from concentrated
stoek solutions, as follows:-

100 c¢c. of a 16.38% gsolution of NaCl per litre of nutrient solution

100 cec. " " 21.6% " " urea weooon u n t
15 ce. " " 5.96% noowogel woom o " "
10 ce. " M 11.10% n u CaClo TR L 2 !

4.5 ece. " " B8.40% . " NeHCOZ M M 1 " "

1.0 ce. " " 6.0% " " NaHQPOy " " no T om 1t

10 ce. tono30,0 % " " d.glucose™™ " X n t
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Fewn

d=pegd —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.

+seRi=t —Diagram of the spiral intestine. A, pyloric sphincter: B, duodenal or upper end of
the spiral intestine; C, lower end of the spiral intestine; D, colon; E, rectum.



S Y

The resulting solution had a pH.7.8, which is ohly slightly more
alkaline than the blood plasma of the skate. For instance, the
pH. of the blood plasma of Raja diaphanes is T.26, and that of

Raja stabuldforis T.21 to T.63, according to the figures of Smith
(1929).

The above stock solutions were kept on hand, except the
glucose solution, which was made up each day.”

The procedure of obtaining tissue varied a little aceord-
ing to which part of the gastro-intestinal tract was to be inves=-
tigated. In all experiments a skate that had been starved for
geveral 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~co0ld saline for several minutes. Then the muscular layer of
the whole stomach was removed, without puncturing the muecosa. If
this is done gently, the mucosa comes away quite easily with very
little damage to the muscular tissue. It was found necesgsary to
use the musecular layer alone, since foreign substances in the mue-
cosa contaminated the preparation, and also autodigestion took
place, inactivating the muscle within a few hours after setting
up., Strips, 2 cm. x 0.5 cm., Were then cut off this musecular
layer that had been dissected away, in such a manner that the cone-
tractions of the circular layer would be most prominent in the re=-
* (Baker and Adamson's preparations of NaCl, NaHCO3, NaH2P04.4H20

and 4. glucose, and Merck and Company's preparations of
CaClp.6Ho0, KC1 and urea were used).
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cording.

Two such strips were then set up in the same bath cone-
taining 100 e.c. of saline at a temperature of about 120C.  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 exaetly similar conditions. The lower
end of each strip was fixed and its upper end attached to a light
lever of the frontal drawing type (Evans, 1919), which (with s
magnification of 8) drew a graphic record of the spontaneous con-
tractions on an extremely slowly revolving drum. 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
gsolution. The bath containing the preparations 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 ceould be controlled. Throughout the
whole experiment the saline in the inner bath was aerated by
water-washed air slowly bubbling from a jet with a amall aperture.

This procedure of obtaining tissue was not applicable in
the spiral valve, spiral intestine, colon and rectum as the muscu-
lar coats could not be separated from the mucosa without consider=-
able injury. Consequently, a ligature was tied just above the
upper end of the spiral intestine and another as far down the
rectum as possible. The seetion of intestine marked off by these
ligatures was then removed and placed in ice=-cold nutrient gsline
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 eircular manner, in order that the contractions

of the cireular layer of muscle might be predominant in the re=-
cordings. The strips thus obtained were passed through several
changes 4f ice-cold nutrient saline in order to wash them thor=-
oughlye. Two such strips were then placed in a bath containing
nutrient saline at about 12°C, The rest of the procéedure was
the same as mentioned above for the stomach. By these means
very constant results were obtained, the spontaneous contractions

gstarting 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 tract a standard procedurc was foll-
owed. ASs soon as the 8pontaneous contractions were est-
ablished in the strips of stomach or intestine in the bath
at 1206., the temperature was slowly lowered to just below
that point at which contractions could 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 Kaja erinacea

alone were used. In this way the effect of temperature
upon the cardiac,fundic and antral regions of the greater
and legser curvatures and the pyloricec sphincter of the
gtomach, upon the upper and lower ends oif the spiral in=-
tegstine and valve, colon and rectum was investigated.
Begides the above experiments, seversl others
were carried out to determine the effect of temperature
variations upon digestion as a whole. ror these the skate
was not used but a small fish belonging to the large group

of Teleosts, the Fundulus heteroclitus. This fish was

chosen for the purposes of this study for two main ressons;
first, because of its great hardiness (it can be kept out
of water for short intervals, and carn be handled without
ill effects): secondly, because its digestive processes

are simpler than fthose of the higher vertebrates (Babkin
and Bowie 19/%). Fundulus has no stomach, and, there-
fore, is devoid of peptic glands; also, its digestion is

entirely alkaline, and the complicating factor of acid



-<lf=-

control of the pyloric sphineter is sbsent. The fish were
obtained from Bireh ecove, St. An@rews, N.B.

The lowest temperature at which any experiment was con-
ducted was 50C,, at which point there is no digestion. The
highest temperature was 29.5°C., at which point the fish were
greatly weskened. One experiment was carried out at 359C.,
but four out of the five fishes concerned died within fifty
minutes. Consequently, it was not considered desirable to em=~
ploy a temperature higher than 29.50C.

In the case of temperatures between 15° and 17.5°¢C,,
no special means were used to maintain the water in which the
fish were kept at a constant temperature. Each fish was placed
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 jarse 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 14°C., the
fish were placed in a hatchery jar which stood in a tin vessel
filled with water, the temperature of which could be varied as
desired. This, in turn, was placed within a wooden box lined
with cork, and the whole within a second wooden box. By this
arrangement the temperature of the fish eould be maintained for
twenty-fours hours within the range of one degree.

For high temperatures the hatchery jar containing the
fish was placed in an incubator thermostatically eontrolled st

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 we;e segregated
in a perfectly clean aquarium... They were then starved for from
three to five days. Twenty-four hours before feeding, the four
or £ive 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 159 and 19°C. The jars were kept in the
dark, for it was found that light exeited 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
practically equal to the capacity of the duodenum. This sub-
stance was found, after many trials, to be the most suitable food.
In almost every case the fish ate it almost at once. The time
at which it did mo 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
was8 immediately transferred to a hatchery jar in whieh the water
had previously been cooled to the desired point. If it were a
very high temperature experiment the fish was transferred for a
few minutes to water at a temperature half way between that at

which the experiment was to be conducted 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 certain intervals after feeding (2, 3, 4, or 5 hours,
ete.) one fish was removed and ifs duodenal contents aspirated
with a small pipette, the fish being kept in the air during the
operation. The time of each aspiration was noted, as well as
the presence or absence of clam and bile. The pH of the aspi-
rate in each case was determined by the B D. H. capillator
method. If nothing, or only a small amount, ecould be aspirated,
the duodenum was washed out with two or three drops of distilled
water and the pH of the rinsing ascertained.

As has already been stated, digestion in Fundulus is
carried out in an alkaline medium. During digestion the pH of
the duodenal contents may be as high as 9.0, but in a starving
fish average asbout 7.8, though the figure may sink as low as T.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 sklowed
to rest for three or four days before being used again.

The following are possible errors in the method employed
which ceould affect the results.

1. Individual variations in the rate of digestion might
be expected among the fish employed. These variations, such as

they were, d4id not seem to have introduceq any apprecisble error
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2. Fishes that had been used for a number of experi=-
ments showed evidences of developing conditioned reflexes. For
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 instances in which this occurred the
fish digested their food 4&n a slightly shorter time, but not so
markedly as to introduce any serious error. ouch fish were not
used again,

3. As has been stated above, in the case of high and
low temperature experiments the fish were fed 'at about 17.0°C.,
and were then transferred immediately to warm or cold water, as
the case might be. This proeedure‘was found necessary as the
feeding was hard to control unless carried out at temperatures
between 13° and 19°C. However, it was found by experiment
that the time necessary for the temperature of the fishes to
rise or fall to that of the new environment csused only a negli=-
gible error. The body temperature or s fish (i) that had been
kept in water at 14.79C., for some time was obtained by passing
a fine thermometer down the oesophagus into the duocdenum, it
proved to be 15.1°C, The fish was then transferred to water
at 30.1°C. A second fish (B) which had been kept in water at
16.99C., registered a body temperature of 17.0°9C., and was then
placed in water at 11.70°C. In each case the change of body
temperature was taken at intervals of one minute. The results

are given in the following table on page 18.
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Time in minutes | Figh A& Fish B
(initial temp. 15.10C.) | (initisl temp. 17°C.)
. _
2 20.00¢, 15.19¢.

3 23.5 14.7
4 2540 14.2
p) 25.9 14.0
6 26.8 13.6
T 27.2 13.53
8 27.6 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 o 12.2
18 29.7 cese
19 29.7 cone
20 29.7 cose

From this it can be-seen that the temperature of the
fish, undér the given éonditions, rises or falls rather marked-
ly during the first five or six minutes, and practical equili-

brium is reached in eighteen and fourteen minutes respéétively.
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4. In drawing conclusions from these experiments it
was assumed that the body temperature of the fish was the same
as that of the water. This ig not quite the case, The abovg
table shows that there is a difference of 0.4° and 0.50C. This
error is so slight as to be negligible.

Finally to complete the pieture of temperature relation=-
ships, several experiments were carried out to determine the sur-
vival time at different temperatures of the tissue removed from

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

Baja diaphanes and Raja erinacea alone were used, and again the

method of using isolated strips of gastric muscle in a suitsable
nutrient solution was.employed.

Three series of experiments were carried out. In the
firat of these, several strips of muscle from the antral region
of the stomach of a skate which had been starved for four or
five days were placed in nutrient saline. In one case the

tissue thus prepared was kept at 00C.; in others at 590C., 100(,,

15°¢. and 20°¢. regpectively. Each day strips of muscle were
removed and tested for spontaneous contractions at a temperature
of 1290,

H 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 medulls. One set of fish thus
treated was kept at 5°C. and others at 10°C., 15°C. and 20°C.

respectively. Each day one fish was removed and strips of
gastric muscle from the region of the antrum were tested for

spontaneous contractions at 12°C.

A final series of experiments exactly 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 rfour or five days.

The strips of tissue prepared according to the above
three methods were placed in nutrient saline ab about 120C. and
tested for the existence of spontaneous contractions, or other
gsigns of viability, and their reaction to such drugs as adrens-
line and pilocarpine. When such a strip gave no spontaneous
contractions, tonal changes, nor 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 different temperature conditions.

The effecet of certain drugs upon the cardia, pylorie
sphincter, the fundic and antral regions of the greater and
lesger curvatures of the stomach, upon the spiral valve, spiral
intestine, colon and rectum, were also invesgtigated. The iso=-
lated intestine preparation was used, the temperature of which

was maintained between 12°C. and 1300. Solutions of the drug

to be used in distilled water were placed directly in the 100 c.c.
of saline bathing the strip of tissue. In this way the effeects
of adrenaline, ergotoxine, pilocarpine, acetylcholine snd atro=-
pine were determined. Fresh solutions, of O.1 per cent concen=-
tration of atropine smlphate, pilocarpine nitrate, acetylcholine
and ergotoxine phosphate in distilled water were used. Al in
1000 solution of adrenaline chloride (Parke, Davis and Co.) was
ugsed as a source of adrenaline. In the majority of cases

0.4 coc. of ecach of these was used, except in the case of acetyl-

choline and ergotoxine where rather larger doses were used. In
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other words the final concentration 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-
ments dealing with all the drugs except ergotoxine, the species

Raja diaphanes and Raja erinacea alone were used; Rajs maculats

was used in case of the latter drug.™

The structure and reactions of the artsries of elasmo-
branch fishes were also investigated.*  These experiments were
performed on the ventral aorta, coeliac artery, superior mesen=-
teric artery, anterior intestinal artery, as well as on the eonus

arteriosus. The specles Raja disphanes 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 medulla. The bBlood vessels were execised, care
being taken not to contaminate them with the mucous secretion of
the skin, nor to distend them during the operation of removal.
They were placed immedistely in ice-cold nutrient saline (wyide
supra).

After one hour er more, according to the particular
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;
ﬁ?gf??s the other experiments were carried out at S5t. Andrews,
**(Phis work was carried out by Drs. B.P. Babkin, D.J. Bowie

and myself -- Dr. Bowie doing the histological part of the in-
vestigation).
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tual experimentation. A1l loose tissue surrounding the vesmsel
was removed. In order to investigate the reaction of the longi-
tudinal layer of an artery to different stimuli, a piece of ar-
tery 8 to 16 em., long was set up in a large glass test-tube con-
taining 100 to 200 c.c. 0of the above mentioned saline at a tem=-
perature of 10° to 12°C. The 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 stabuliforig are smaller and their muscles weaker than in

mammals. To obviate this difficulty a chain of 8 to 10 rings of
artery, each about & 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 or distal part of the conus arterio-
sus or ventral aorta. In order to load the arteries or the
conus arteriosus riders of different weight were placed on the
long arm of the lever at different &istances from its fulecrum.
The bath containing the preparation was placed in another bath
containing water, the temperature 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.

Pinally, experiments were carried out to determine the
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effeet of sympathetic and parasympathetic nerve stimulation upon
the motility of the gastro-intestinal tract. It was decided

to adopt the method of Rabinovitch (1928, wide 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 with the sympathetic innervae
tion ¢9 these parts, the artery supplying the part in question
was carefully dissected out for as much of its length as possible,
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 em. of the gastro-pancreatico-duodenal artery were thus
left attached, while with strips from the lesser curvature the
anterior gastric branch of the coeliac axis was left attached.
Similarly, the superior mesenteric was left for strips from the
spiral intestine and colon and the inferior mementeric for strips
from the rectum. For the purpose of stimulating the artery a
Dubois~-Reymond induction coil was used. A 2-volt accumulator
with a make and break key waﬁ;placed in the primary circuit and
8 short circuiting key in the secondary circuit. The secondary
current wss carried to the artery, which was held c¢lear of the
solution bathing the strip by means of conventional small elec-
trodes. Thus the artery could be stimulated with a single or
multiple break induction current or faradically.

The experiments on the effect o vagal stimulation were
regtricted to the cardiac and upper fundal regions of the stomach

88 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 dissecet out 2 or 3 em. of the nerve attached at
its distal end to circular strips'of muscle from the fundus and
cardia. The nerve was stimulated in the same way as the artery.
The rest of the procedure of setting up the excised
strips of muscle and recoréing their contractions was exactly

8imilar to that employed in the above=mentioned experiments,

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

cases, noted in the text; where Raja nsevus was used.

Before closing this chapter it should be mentioned that

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

RESULTS

SECTION I
. TEMPERATURE RELATIONSHIPS

The effect of temperature variations upon the motility
of the cardiac, fundic and antral regions of the greater and
lesger curvatures, the pyloric sphincter of the stomach, of the
upper and lower ends of the spiral valve and spiral intestine,
colon and reetum was determined.

CARDIA

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 T° and 8°C.
as mere waves, but as the temperature is incresased they become
more frequent and powerful, the tracings showing broad waves
with rounded tops. These waves usually have lrregular ampli=-
tudes. At 19.0°C. the contractions become irregular in shape,
8 number of them showing several peaks., Above this temperature
they become weaker and very irregular and finsally cease at about
24 .5°C, 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 ceount throughout
the temperature range cannot be made.

THE BODY OF THE STOMACH

The characters of the contrsctions of the fundic 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 whieh contractions 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 8°C. and 14°C. the greatest amplitudes ocecur, with
a maximum height of contraction at about 12°C.  Above 14°8. the
contractions gradually decrease in strength bhut increase in rate

and maintain great regularity of rhythm. From 20°C. to about

24-500. they become slower, much weaker, more irregular and fi-
nally cease at about the latter temperature. This upper limit
of temperature at which contractions cease is remarkably con-
stant for all parts of the stomaeh, at about 24.5°C. If the
temperature be allowed to falli from this upper temperature limit,
contractions will be restored in the majority of instances.
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
varles for different parts of the stomach; for the fundus it is
3.00 to 5.59C., and for the antrum 1.5°% to 4.0°C.

Often between 8°C. and 15°C. a definite rhythmic varia-
tion is seen in the height of the contractions, but never is
there any such variation in the base line. There is merely a
glow and gradual relaxation as the temperature is raised. 1t
is doubtful whether this should be considered as a tonic change;

rather it should be considered as a gradusl stretching.
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Eicuns-2—A—record showing the normal contractions of cardia at 12.7° C.; B—record showing
the normal contractions of the antral region of the greater curvature at 13.5° C.
The antral region of the lesser curvature and the fundic region of both curvatures
have the same type of contraction; C—record showing the normal contractions of
the pyloric sphincter at 13.5° C.

PYLORIC SPHINCTER

The contractions here are very similar in charaeter
to those of the body. The contractions start between 1.500.
and 3.0°C. 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 162 to 17°C., and that there is very little periodic

veriation in the amplitudes between 8°C. and 14°C., but rather



T S

a gradugl and irregular increase in height, which reaches s
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 contrac-
tion of various parts of the same spomach under exactly the same
conditions. The results of five experiments are reproduced in
the table on page 29. From these it can be seen that the py-
loric sphineter contracts the fastest:; then in order of decreas=
ing rate the lesser curvature region of the antrum and fundus,
the fundice region of the greater curvature, and the central re-
gion of the greater curvature. The figures denoting the rate
of contraction of the cardia in the table on page <9 should not
be taken as stricetly accurate; they merely indicate the slow
rate of contraetion 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
gshow the effeet of temperature variations on circular strips cut
from this part and from the lower end.

DUODENUM

Contractions start at about 3°C. as mere faint, irregu=-
lar undulations. As the temperature is raised, these become
more regular and of greater amplitude, which characteristics are
most evident at 10°C. Above this temperature the contractions

decreage gradually in amplitude. 4t 17°C. the rhythm snd ampli-

tude become irregular and contractions cease at about 249¢,
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gstomach at different temperatures.

The rate of contraction of different parts of the skate's

L.Ge means

Lessger Curvature

Exp.22 Exp. 13 Exp. 8 Exp. 19 Exp. 15
Rate/ |Rate] |Temp.|Rate/ |Hate/ | Temp.|Rate] |[Rate] | Temp.| Rate/ |[Rate/ emp.|Rete/ |Rate/
bylosie| fundus | 90. |fundus|antran | O0. |fundus |fundus | o: |Zandus|anirus |oG. |pvieric|carais
sph, | L.Cs G.Ce  |.8.0. g.8, |58, .80 0 | 5.8, sph.
. % - irreg.
2.0 |irreg. - 1:4 | o 10,70 3.0 [0.46 [0.54 5¢5 |0.64 [0.62 3.2 |0.80 -
3.6 [0.67 |0.62 206 | e ilem 4.0 |0.50 [0.56 7.0 [0.80 [0.80 4.4 [0.82 -
500 |0.70 |0.64 3.3| = |0.83 6.5 [0.64 |[irreg.| 8.5 |0.83 |0.85 5.6 [0.90 -
6.5 |0.80 0.7T1 5.1 | irreg.|[0.83 2.7 | 087 |0.75 9.5 |0.93 [0.92 6.8 |1.25 -
8.1 [0.89 [0.81 6.1 [1.00 [1.00 8.7 |0.71 |0.78 11.0 [1.00 |1.00 8.1 |1.50 -
9.6 [1.17 |0,92 7:3 13:26 |1.14 9.5 | 0.78 [0.80 12002481 |1.20 9.4 [1.71 |irreg.
11.0 (1.44 [1.13 8.5 |1.25 [1.25 |[10.7|0.80 [0.86 1440 |1.25 [1.25 10,6 |1.82 [irreg.
12.5 |1.58 1.29 9.3 |1.3% [1.25 11.5 | 0.82  10.93 15:5 [1+38 |1.36 1847 | 26T 0.70
4.0 [1.65 138 [11.0 |1.40 [1.29  |12.5 | 0,95 |3.00 17.0 [1.50 [irreg. [13.0 [1.89 |[0.88
15.5 [1.T71 irreg. |12.0 |1.44 |[1l.44 13.5 | 1.14 [1000 18.5 155 |1.57 14.5 |2.00 irreg.
17.0 |1.60 |1.43 [13.5 [1.65 |1.50 |14.7 |irreg.|1.14 20.0711:36 [1.38 15.8 [1.64 |irreg.
18,5 |1.24 |150 |34.9 [1.83 [3.63 |15.5 1.2 Jeds 21.5 |1.40 |irreg. [17.0 [1.50 [0.72
20,0 [1.50 [1.60 |16.5|2.00 1,75 |16.5]1.22 l1.36 | 22.1 |1.25 |irreg. |18.3 |1.50 |0.70
21.5 |irreg. |irreg. [18.0 [2.13 |1.83 17T:5 | 1,29 [1.3%0 23.5 |irreg.|irreg. |20.0 [1.35 0.62
23.0 |irreg. |irreg. |19.7 |2.17 [1.91 [18.5]1.33 [1.50 24.5 | - - 2044 |irreg. [0.64
Bee | - irreg. [21.0 [2.22 [1.90 ]19.5|1.50 [1.60 22.1 |irreg. |0.60
24.1 - - 22.5 | 2,50 |irreg, | 20.7 |1.40 [1.833 23.9 - irreg.
2349 | 2455 - 21.9 | 1.43 |2.00 24,2 - -
25.0 - - 22.5 | irreg. |irreg.
2345 | irreg. |irreg.
2443 - -
Note; G.C. means Greater Curvature
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LOWER EED

The above characteristics are true o1 this part also.
The table on page 31 shows the relation of temperature to rats.
SPIRAL VALVE

Experiments were carried out showing the effeet of
temperature variations on the contractions of circularly cut
strips taken from the upper or duodenal end and the lower end
of the spiral valve.

Contractions start at about 3.0°C. as undulations of re-
gular low amplitude and regular rhythm. The amplitude gradually
inereases and reaches a-maximum at about 12°C. and then gradually
decreases until contractions cease at about 2406. Throughout
the temperature range a remarkable regularity of rhythm is pre-
served. The table on page 31 shows the relatiom of rate to
temperature.

COLON AND RECTUM

These two sections of the intestine are dealt with toge-
ther, sincee they are so similar in many respects. They both are
remarkably distensile =~- when contracted the outer diasmeter is
about equal to that of a pencil, when dilated it is about equal
to that of a walnut. further, they both are very sensitive to
mechanical stimulation such as pinching or stretching, reacting
to suweh stimuli by contracting powerfully. At no time on epening
a fish were peristaltic contractions observed; both rectum and
colon were entirely dilated or contracted.

Circularly excised strips of colon and rectum do not show

rhythmiec contractions but merely spontaneous Spésmodic contrac=-
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Relation of rate contraction of spiral intestine to
temperature ju Raja

Zemperature Rate /min. Rate/min.
in Cg, Duodenal end Lower end
3.0 irreg. irreg.
1.2 0.6 0.6
.O 1.0 l.o
7.5 1.16 1.11
goo 1048 1'45
1 05 10 1‘43
12.0 l.g 1.2
13‘5 1015 ]..olr
15.0 irreg. irreg.

17.0 " N
19.0 " =
21.0 - !
23,0 cease cease

Relation of rate of contragtion of spiral valve to
temperature in Raja.

Tempergture Rate/min. Rate /min.
in “C, Duodenal end Lower end
3.0 0.40 irreg.
5.0 0.50 0.40
T.0 O 71 0.50
9.0 0.78 0.27

11.0 1.09 0.67
13.0 1.30 0.75
15.0 1.40 1.00
17.0 1.40 1.00
19.0 l.gO 0.88
21,0 1.20 0.80
23.0 irreg. irreg.
24.0 cease cease
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tions whieh at 10°C., recurred about every half hour. The in-
terval between these contractions varies greatly from fish to
figh, but in general it becomes somewhat shortened on a rise in
temperature. These contractions start at about 3.0°C. 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 10°C. it
is about one-third of a minute. Above 12°C. the amplitude de=-

creases and contractions cease at about 24°C.

Sp.Int.
Upper end

i min.

5p.V Lower end Temp.ua"C.
B

&

aicrsr=gr.—A normal contractions of upper end of spiral intestine at 10.5°C.; B, normal con-
tractions of lower end of spiral valve at 11.0°C.; C, normal contractions of rectum at 11.0°C.
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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 inerease of the spontaneous rhythm.

A series of experiments was carried out on Fundulus

heteroclitus to determine the effect of temperature variations

upon the rate of digestion taken as & whole. These experiments,
strietly speaking, have no place in a paper dealing with an elas-
mobranch\fish like the skate. However, they are included here
gince it is believed they will round out somewhat the picture - of
temperature relations. The following may be taken as a typlical
experiment.

Exp. XLI. August 1, 1930.

Four fishes were used; temperature during feeding, 18.1%C.;
temperature after feeding and throughout the course of the experi-

ment, <2.5°C.

Time Fish Contents of stomach pH
A . |
9.27 to B Each fed with about 140 mg. of clam Clam had
9033 Aelle G ?_ pE Of
D | D5
3.00 p.m. A Nothing was brought up, but on washing
with distilled water, & minute amount 8.0

of clam and bile was obtained.
(Interval, 5% hrs.)

3,20 p.nm. B About 1% drops of bile and no clam were
obtained; on washing with distilled ‘
water nothing more was removed. 8.8
(Interval, 6 hrs.) |
4.00 p.m. C Nothing was obtained. On washing out with

distilled water only & very small amount 8.6
of bile was removed. (Interval,b6% hrs.)

4.30 p.m. D Nothing was obtained either before or
after washing out. (Interval, 7 hrs.) T.6
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The time required for the completion of duodenal di-

gestion was here estimated to be 6%% hours.

On following the same procedure some thirty relation-
ships were established. See table on page 35.

These results have been plotted according to the Iformu-
la of Arrhenius. Thus, log K x 102 against~%b, where K is the
rate and T is the absolute temperature. K has been multiplied
by 102 in order to obtain a positive logarithm. The table on
page 35 shows that with a rise of temperature the time of diges-
tion is decreased,

There are at least three reasons why the rate of diges-
tion should be increased by elevation or temperature.

l. With a rise in temperature there is probably an in-
ercased secretion of the digestive fluids. It isg difricult to
prove this in small fish, but it is logical to suppose it to be
the case, since it is known that a rise in temperature sgccele=-
rates a large number of physiological processes.

2. A rise in temperature inereases the action of en=~
zymes, aS has been shown by several workers. To veritfy this,
special experiments were carried out on the activity or lipase,
obtained from the duodenum of Xunduli, at 28.0° and 15.8°C.,
respectively.

A cream substrate was made up as follows. Some fresh
cream was boiled and then diluted with an equal quantity of dis-
tilled water. Two samples of 10 ce. each were then taken and
three drops of toluene were added to each. In each sample, also,

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

No. of | Temp. in | Time in |Rate (K) | Log. K x 102 25
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 3% 0.285T 1.4559 0.003%22
57 28.0 33 0.3077 1.4881 0.903322
49 27.0 4 0.2500 1.3979 0.0033353
59 26.0 4% 0.,2222 1.3468 0.003341
35 2445 5% 0.1905 1.2799 0.0033561
36 24.5 5% 0.1905 1.2799 0.003361
60 23.4 v 0.1731 1.2382 0.0033T4
A0 22.5 ng 0.1481 1.1706 0.003384
41 22.5 6% 0.1540 1.1875 0.003384
46 21.5 6% 0.1481 1.1706 0.003396
61 21.0 6% 0.1540 1.1875 0.003402
62 20.0 7 0.1428 1.1547 0.003413
65 19.1 T4 0.1379 1.1396 0.003423
32 18.7 7 0.1428 1.1547 0.003428
30 18.5 7% 0.1379 1.1396 0.003431
31 17.4 7% 0.1333 1.1249 0.003444
34 16.5 8% 0.1212 1.0835 0.003454
19 15.5 8% 0.1176 1.0705 0.003467
24 15.3 8%. 0.1143 1.0586 0.003469
22 15.1 8% 0.1176 1.0705 0.0034T1
66 14.0 9 0.1111 1.0457 0.003484
17 13.7 9% 0.1081 1.0338 0.003488
48 12.8 10 0.1000 1.0000 0.003499
51 12.1 10% 0.0976 0.9939 0.003508
42 9.8 124 | vieen . ceeeee 0.003536
43 9.8 15% 0.0645 0.8096 0.003536
50 9.0 154+ | ..... A .o .
45 5.8 2624 | veenens ceee ceeeen. .
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several ¥Funduli that had been fed with clam about one and one-
half hours previously. One preparation was waintained at a
constant temperature of 28.0° and the other at 15.8°C. At in-
tervals of one nour one cublic centimetre was removed from each
and titrated with 0.2 normal sodium hydroxide sotution, using
phenolsulphonphthalein as an indicator. Control experiments

were also carried out.

Hours Temp. 28.0°C. Temp. 15.8°C.
Amount of one-fifth normal Amount of one-fifth normal
NaOH required in c.c. NaQH required in c.c.
1 0.15 0.15
2 0.50 .0.25
5 0.55 0.35
4 0.55 0.35
5 0.55 Q.40
6 0.60 0.35
7 0.65 0.50
8 0.60 0.50
Total amt.
of alkali 4.15 2.85
used in 8
hours.

From this it is clear that the aetion of lipase 1s more
rapld at the higher temperature.
The control test was carried out by taking 1 c.c. of

pure substrate and titrating with 0.2 normal NaOH. By sub-
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traeting 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 NeOH required to neutralize the
fatty aclds 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 traet while a fall has the opposite effect. A
few experiments were performed touching this point. One of
them may be quoted nere.

The duodenum of a Fundulus that had been starved for
five days was excised and suspended vertically 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 -~ contractions of the longitudinal and
of the eircular lsyers of muscle, and peristaltic waves. The
npreparation was raised in temperature slowly from 18° to 29°C.,
during which time the contractions became so irregular that it
was not possible to count them throughout the range. In gen=-
eral, there were about 3.3 contractions per minute at 18° ana
about 4.0 at 29°C. The preparation was then slowly cooled to
50C., over a period of 3 hours and 26 minutes. At about 23°C.
variations in tonus appeared, on which were superimposed the
contractions. Tonus variations disappeared between 15° and
16°G., when the rate of the contractions was about 1.7 per

minute. With further cooling of the preparation the contrac-
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tions became gradually less, until at 500. they ceased entire=-
ly.

The 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. Enploying

Fundulus heteroclitus, coincident with a rise in temperature of

the water in which it was kept was an acceleration of the diges~
tive processes in the first part of the intestinal tract, where-
a8 with a fall there was a retardation.

Finally, the survival time oz tissue, taken from the
stomach of the skate, at different temperatures was determined.

SERIES I

The following results were obtained, when strips of
stomach musculature were excised and kept in nutrient saline at
various temperatures.

l. Por the first four days after excision regular con=-
tractions were observed in the strips taken from the preparation
kept at 0°¢. On the £ifth day contractions were definite but
slow. On the sixth day they were irregular in rate and ampli=-
tude. This irregularity and weakness increased each day. ¥Final=-
ly, on the fourteenth day after excision of the muscle no contrac-
tion whatever could be obtained. The addition of 0.4 ec. of
adrenaline stimulated the tissue from the antral region, which had
been kept at 0°9C. for three or four days, although this dose in-
hibited the contractions of fresh tissue from this region. On
other parts of the stomach adrenaline also had a stimulating ac=-

tion, though each day the #ffect became weaker and fimally on the
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fourteenth day no effect could be obtained.

2. Tissue that had been kept at 5°C. first showed
weakness on the third day, after which the contractions became
weaker and more irregular, ceasing on the gixth day after ex~
cision of the tissue. Adrenaline had a stimulating action each
day up to the sixth dsy.

3., Tissue that had been kept at 10°C., showed extreme
weakness on the second day, and on the third day no contraction
could be obtained.

A. Tigsue that had been kept at 15°C. showed slight
weakness after twenty-four hours, and reacted weakly to adrena=-
line. XHo contractions were obtained after.forty-eight hours.

5. Tissue that had been kept at 20°C. 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 which the contractions ceased, when it would quickly be-
come cloudy and smell strongly of ammonia within a few hours.

SERIES I1 AND IIl1

The results of these two geries of experiments are so
gimilar that they may be dealt with together.

1. Fish kept at 20°C. After twenty-four hours the fish
were £found to have a faint ammoniacal odour. On opening the
abdomen the stomach and intestines were found to be relaxed and
soft. Strips removed from the antrum of the stomach gave small

irregular weak contractions, but reacted to adrenaline and pilo-
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carpine. Twelve hours later the fish were found to have a
stronger odour and the flesh was softer. The intestines were
goft and flaceid and strips removed from the antrum of the sto-
mack gave no contractions and did not react to adrenaline and
pilocarpine.

2. Fish kept at 15°C. After twenty-four hours the fish
geemed to be in good condition; the flesh was firm and had no bad
odour. Similarly the intestines seemed in good condition.
Strips removed from the antrum of the stomach gave fairly strong,
somewhat irregular contractions and reacted to asdrenaline and
pilocarpine. Twelve hours later the fish gave a slight ammonia=-
cal odour, the flesh was less firm and the intestines in less
good condition. Contractions of strips from the antrum gave
very poor, irregular contractions and reacted poorly to adrens-
line and pilocarpine, Twelve hours later the tish gave off a
strong odour, the flesh was soft and the intestines were in poor
condition. No spontaneous contractions could be obtained from
atrips taken from the antrum of the s$omach and there was no re-
action to drugs.

3. Fish kept at 10°C., After twenty-four hours the fish
were in good condition. The flesh was firm and gave no bad
odour. The intestines were also in good condition. Strips
taken from the antrum gave strong, regular contractions and re-
acted powerfully to adrenaline and pilocarpine. #¥ish removed
twenty-four hours later were in poor condition, the flesh was
goft and had a strong odour of ammonia. The intestines were also

in poor eondition, being soft and flacecid. Strips removed from



--41....

the antrum gave very poor spontaneous contractions and reacted
very poorly to adrensaline and pilocarpine. This tissue seemed
to ha¥e nearly reached the end of its vitality. This was
proved by the fact that strips tasken from a fish six hours later
did not resct to these drugs.

4. Fish kept at 5°C. 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 piloecarpine. Similar-
'ly, fish removed forty-eight, seventy-two, and ninety=-six hours
after kklling were found to be in good condition, and strips re-
moved from the antrum gave good regulsr spontaneous contractions
and reacted to adrenaline and pilocarpine.

However, after five days, i1.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 8trength. 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 contraections and no reaction to

adrengline or pilocarpine.



Yy .

SECTION II
THE EFFECT OF CERTAIN DRUGS

The effect of adrenaline, atropine, pilocarpine,
acetylcholine and ergotoxine upon the cardia, pyloric sphinecter,
antral and fundic regions of the greater and lesser curvatures
of the stomach, upon the upper and lower ends of the spirsl 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 is inhibitory,
while a very minute dose is excitatory. The action of this
drug can be desceribed best under two heads:

(a) Its effect upon the base line from which contrae-
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 ce. of adrenaline causes a sharp rise of the base liﬁe,
followed by a very gradual return to the previous base-line.
Phis effect is least and lasts for the shortest time in the car-
dia.

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 likewise.

In the sase of the amtrum, adrenaline in concentrations
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 contractions, which
in concentrations of 1:250,000 may last for 45 minutes. A con-
centration of 1:2,000,000 (i.e., 0.1 cc. of a 1 in 2,000 solu-
tion of adrenaline chloride) causes a stimulation which is of
the same character as that found in the rest of the stomach ex-
cept that it is of much shorter 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 all parts of the stomach., As be=-
fore, its effects can be treated best under two heads:

(a) The effect upon the base-line.

(b) The effect upon the rhythmic contractions.

The addition of pilocarpine has no effect upon the base-
line of the contractions of the cardia, fundic 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 15 minutes.

In the case of the pyloric sphincter, the effect of
pilocarpine is more obscure. There is no change in the base-

line, yet there are indications of stimulation. The normasl
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o-4ec. Advenaline
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Tmin.

B

Jtet=h—% — A-record showing the effect of adrenaline (concentration 1: 250,000) upon the cardia;
B—record showing the effect of adrenaline (concentration 1:250,000) upon the
fundic region of the greater curvature.

o-4ec. of Advenaline Antrum

Pyloric SpA. o1 ¢c. of 5-;—-" Adrenaline. -

min.

AnTrum, - 3
0-4cc. Adrenaline.

v e B e S L L e S B L T o R e B bt o A L e

<

Frewna=t — 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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Fundus +
o-dce Afroﬁ ine Soln,

"r';;‘.: fo«ue. Atropine Soln.

Antrum f 5
o-4cc.Atropine Soln. 'H’l.urpa'm&ln.f 0-4ce. Afro pine Saln.

C o
Jepiipmim— A record showing the effect of atropine (concentration 1:250,000) upon the fundic
region of the greater curvature; B—record showing the effect of atropine (concentra-
tion 1: 250,000) upon the pyloric sphincter; C—record showing the effect of atropine
(concentration 1: 250,000) upon the antral region of the lesser curvature: D—record
showing the effect of pilocarpine (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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—A—record showing the effect of pilocarpine (concentration 1:250,000), and the

antagonizing effect upon it of atropine (concentration 1:250,000), upon the pyloric
sphincter; B— record showing the effect of acetylcholine (concentration 1:100,000),
and the antagonizing effect upon it of atropine (concentration 1:250,000), upon the
cardia; C—record showing the effect of adrenaline (concentration 1: 250,000), upon
the fundic region of the lesser curvature. Also showing the additive effect of pilo-
carpine (concentration 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.



Antram

wmf -

o

£
Vee.Acelylehelime Sais. T St ATroprne Soin.

: To-vec.Atrep.
: ne Sg'a.
Frloreshh- A e, Acetylenotin Sein. S

T R A TR T

Anlrem

@U'VCC-AE‘YCNIE&

M.

C

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 the effect of adrenaline
(concentration 1:250,000), upon the antral region of the lesser curvature near the
pyloric canal. The tissue in this case has been kept for three days at 0° C.
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type of contraction is usually a series of contractions of
various heights. The addition of pilocarpine inereases the num-

ber of contractions of great amplitude and diminishes the number

of small ones. There is no change in the base-line and the con-
tractions are slightly increased in rate. Furthermore, pilo-
carpine will initiate contractions in a quiescent pyloric sphinc-
ter. Hence the effect of pilocarpine on the pyloric sphincter
is exeitatory.

Pilocarpine following adrenaline has an additive effect .
also pllocarpine following adrenaline has an additive effect.
ACETYLCHOLINE

The addition of this drug stimulates all parts of the
stomach, 1Its effect may be considered under the same two heads.

Its agtion 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 cardia and that part of the
lesser curvature adjacent to the cardia. Both the rate and
amplitude of the contractions are inecreased.

ATROPINE

The addition of this drug (concentration 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 which 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-

2
carpine, atropine has no effect upon it.

ERGOTOXINE PHOSPHATE

ANTRUM AND FUNDUS

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

eaused a rise of the base=-line with increase in the rate and
amplitude of the contractions

a

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 base-tine and increase in the amplitude of the contractions.

‘L"“.Em.h‘;‘. 2 . )WJ\J\\W
1;-1!“ Adrenaline §ofn. g

roccEvgefoxing Saln,

— — — —— — — — — gy ey e} gy, s Lmin.
. A nlrym

To-4cc.Adrenaline Soin. o.-,lt:cfoﬂ;:
19

ey ey et ey
Ryloric Shhinclen

B
dheedh A, showing the effect of ergotoxine (1 : 100,000) followed by adrenaline (1 : 250,000)
upon the antrum of the stomach. B, showing the effect of ergotoxine (1: 150,000)
followed by adrenaline (1 : 250,000) upon the pyloric sphincter. This and one other
experiment were the only ones in which ergotoxine had an excitatory effect; usually it
had no effect.
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ADRENALINE FOLLOWING ERGOTOXINE

ANTRUM

In general there was very little evidence that ergotoxine,
even in massive doses, was antagonistic to adrenaline. 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
occurred, it seemed to come on at least 10 - 156 minutes after
the ergotoxine had heen added to the bhath.
FUNDUS

In the majority of instances amall doses of adrenaline
(6.2 ~ 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 intestinse. However, on two
occasions an inhibitory effect was obtained in a strip taken from

the spiral intestine.
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SPIRAL INTESTINE AND VAIVE

Adrenaline increases the rate and amplitude of the con—
tractions of all parts of the spiral intestine and valve. The
base-line gradually rises and again gradually subsides, return-—
ing to normal in about twenty minutes.

On two occasions an inhibitory effect was obtained on

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

end, the eontractions coming to a stop but the base-line remain-

ing unchanged.

f
""“EQ“&EB("M [~ o-@ec, Er‘ ofoxine Soin.

e

Spwral Int:

e A A e e e e e

d9m=. 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 em.) upon the rectum.
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COLON AND RECTUM

Adrenaline in a concentration of 1:250,000 has an ex=-
actly similar effect on both these parts of the intestinse.
Rapid rhythmic contractions of higher amplitude than normal are
initiated, and the base-line is sharply raised, to retmrn 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 stimmlates both the upper and lower ends of
this part of the spiral intestine, inereasing the rate and ampli-
tude of the contractions. The base-line is gradually raised and
again gradually retmrns to normal in about fifteen minutes.

SPIRAL VALVE

The effect of piloecarpine on both the upper and lower
ends of the spiral valve is very doubtful. There is no change in
rate but thé amplitude of the contractions seems to be slightly
raised., - There is no change in the base-line,

COLON AND RECTUM

Pilocarpine has an exactly similar effect on both these
parts. It establishes rapid rhythmic contractions of higher am-
plitude than normal. The base-line is sharply raised and returns
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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Eseuna-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 eoncentrations of 1:100,000 stimulates all
parts of the intestine,
SPIRAL INTESTINE AND VALVE

The contractions of the upper and lower ends of both
these parts are increased in rate and amplitude. The base=line

gradually rises and again gradually returns to normal in about

fifteen minutes.

AR S
Sp-InT, Upper end :
N NN,
=l

To-n cc. P Iocdr pine.

S}’l V, TQ-&‘ CC. 7?/0 edr}-‘:h a
cwer eng o-4ca. qu_'v-o/bf:\e
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O-4ce.Tocavpine 1\0.4 ze. Atropine

B

Eseuni=t —A, effect of pilocarpine (1:250,000) on upper end of spiral intestine; B, 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, rhythmic contractions are established, of greater
amplitude than normal. The base-line is sharply raised but
gradually returns to normal in about fifteen minutes.
Acetylcholine following adrenaline or vice versa has an
additive effect.
ATROPINE

This drug in all concentrations has absolutely no effect

upon the normal contractions of the spiral intestine and valve,
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the colon and the rectum, but it restores the normal rate and
amplitude, if given after pilocarpine or acetylcholine, and

restores the base—line to normal.

Rectum to-yce. Plo aarfpine 'Pe-acc./if-ro,bmg
rmin

cnn=h. —Effect of pilocarpine (1:250,000) on rectum, and antagonistic action of atropine
(1:250,000).

ERGOTOXINE PHOSPHATE

SPIRAL INTESTINE

Ergotoxine in all doses had no effect.
RECTUM AND COLON

Ergotoxine usually had no effect, but sometimes 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.

s

ADRENALINE FOLLOWINTG ERGOTOXINE

SPIRAL INTESTINE, RECTUM AND COLOR
Doses of 0.6 c.c. or more of ergotoxine practically al-
ways inhibited small doses of adrenaline, such as 0.9 c.c,

(see page 50).
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+euns—6.—LEffect of acetylcholine (1:100,000) on colon, and antagonistic action of atropine
(1:250,000).
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+4eere—t.—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.
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dseune=2 —Synergic 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.
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SECTION III

STRUCTURE AND FUNCTION OF CERTRIN ARTERIES

The structure and reactions to s8timuli of the ventral
aorta, coeliac artery, superior mesenteric artery, anterior in-
testinal artery and conus arteriosus of the species Raja dia-

phanes and stabulifloris 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 structure 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
eonnection 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 eonus arteriosus, may
be entirely free from muscle cells. Froceeding upward, circu-
larly arranged muscle ce¢ells begin to appear adjacent to the tu-
nica intima as a dark narrow band. They may become increased
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 musecle cells, and is composed of
concentric layers of elastic tissue between which there is some

collagenous connective tissue,
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The coeliac and superior mesenteric arteries resemble

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

to three-quarters of the thiekness of the entire wall. Both
inner circular and outer longitudinal muscles appear in the wall,
The relative 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.

The muscular layers are surrounded by a fairly wide zone
of dense elastic and collagenous tissue and we have regarded this
as being the adventitisa. Benninghoff (1930) has described a
gsomewhat similar adventitia in the superior mesenteric artery of
man. It may be mentioned here, however, that, according to
Haximow (1930), Schaffer describes a part of the superior mesen=-
teric artery of man in which the coneentric layers of elastic
tissue encireling the muscle are regarded as part of the media
and consequently 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 (Romeis 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-
terial was mounted on slides without cutting of sections, while

some of it was embedded in paraffin before cutting. Farther—de-

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 junction 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
anything to indicate free nerve endings on smooth muscle cells,
and according to Busch (1929) a closed network without free end-
ings 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-
lated nerves is derived entirely from post-ganglionic fibres of
the sympathetic system, He also atates that vasoconstrictor
nerve fibres are recognized to be exsclusively sympathetic. Rea-
soning by analogy it would seem that the nerve net which we have
geen on the mesenteric arteries in skates is a part of the sym=-
pathetic nervous system. We also observed individual typical
sympathetic ganglion cells in the outer part 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 material fixed in Zenker's fluid and stained by
hematoxylin and eosin or by acid fuchsin stains.

A large number of peculiar branching cells in the wall
of the ventral aorta take the methylene blue stain. Woollard
has described similar cells in the blood vessels o1 the cat.

Their function is unknown.
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PART II. EXPERIMENTAL RESULTS

ARTERIES

REACTIOR 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 ao;ta) 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 unlocaded the artery quickly returns to its
previous diameter, although the recovery is not quite complete.
The distension of a circular layer of artery of the muscular

type presents another picture. The distension oA loading of

the muscles is gradual. after unloading of the weighf 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 same type
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of curve as depicted in figure B was obtained from long pieces
of artery of the muscular type suspended vertically. This in#~
complete recovery of an isolated artery after distension does
not occur in intact arteries in the body, which possess perfect
elasticity. The reason for the long continuance of the disten-
sion in surviving preparations of arteries is that partly con-
tracted muscles, when distended, do not regain their previous
tonus after unloading (Fleisch, 1927). Observations analogous
to those described above were made by Ducret (1930) on coronary
arteries (elastic type) and mesenteric arteries (muscular type)
in warm—-blooded animals, Therefore the reaction of different
types of arteries to distension is practically the same in

elasmobranch fishes and in mammals.

NIV AL U A RA ARAS AR IR A AR A R IR AR R R AR R I
s Tome S

+eunm=3. —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 Raja stabuliforis. The
full effect of the weight, placed on the long arm of the lever, was prevented because the edge
of the bath impeded the lever.
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bt —Fx p. Aug. 17. Raja stabuliforis, killed 9:30 a.m. Aug. 16, superior mesenteric
artery preserved in cold saline (3° to 4° C.). Chain of 10 rings. Spontaneous recovery of
tonus under slight distension at temperature of 9§° to 10}° C. Each step on the tracing
represents an interval of 10 minutes. Experiment started, 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,
8lightly weighted, in an oxygenated solution and kept at a tem=
perature of 10° to 12° €., it regains its tonus. This capacity
to regain tonicity is preserved for at least thirty hours. In
the figure below is shown a slow recovery of tonus of circular

muscles of the superior mesenteric artery in Raja Stabuliforis.

The rate of recevery of the tonus is at first rapid, graduslly

slowing down,
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deicimiambe—E ffect of temperature on the circular and longitudinal muscles of arteries of Raja
stabuliforis.

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 im a
state of spasm. This condition is not favourable for 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-

per iment.
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REACTION TO TEMPERATURE 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
200. The temperature was gradually raised to 52° or B39 C,
No substantial difference was noted 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 12° ana 14°$., which began rapidly to
fall when the temperature of the bath reached 20° to 22°C. The
ereatest relaxation occurred at about 36° to 38° 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,
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Froene-te—A and B. Exp. Aug. §. Raja stabuliforis, freshly killed. Superior mesenteric artery,
9 rings. Set in bath 2:50 p.m. Good recovery of tone. Adrenaline added at 4:13 p.m.
(concentration in the bath, 1:2,000,000). 4:30 p.m., saline changed in the bath. Relaxa-
tion of the rings. 5:12 p.m., a similar dose of adrenaline. Temperature during the experi-
ment varied between 113° and 12° C. C. Exp. Aug. 5. Raja stabuliforis, killed about
9:30 a.m. Superior mesenteric artery (piece 9 cm. long) vertically suspended. 2:22 p.m.
adrenaline added (concentration in the bath, 1:2,000,000). D. Exp. Aug. 5. Coeliac artery
from the same animal (piece 16.5 cm. long) vertically suspended. Set in the bath, 3:25 p.m.
Adrenaline added, 4:26 p.m. (concentration in the bath, 1:2,000,000). Temperature during
experiments of Aug. 5 (C and D) kept between 11§° and 12°.
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although here too we may recognize the first rise of the ecurve

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

final rise beginning at about 40° to 42°C, In connection with

these findings it is interesting to note that the strongest
tonic contraction of the circular arterial muscles, which is so
important for the maintenance of the normal blood pressure,
occurred between 10° and 14°C., -- whieh is close to the tempera-
ture of the fish in summertime (80 to 120C,) Cow (1911) des-

cribes the somewhat analogous behaviour of mammalian arteries
under varying temperature conditions. The first contraction
of the skate's artery on heating was undoubtedly due to an in-
creage in the tone of its muscular tissue. The second con-
traction was merely a heat rigor. In this case the shortening
of the preparation was probably due Bot only to the processes
occurring in the muscles under the influence of high tempera-
ture but was determined to a greater degree by the coagulative
changes in the connective tissue of the artery. 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 cat's iris. The iris of this animal eonsists of
an inner musculararing and an outer ring of oconnective tissue,
Heating of the former gave a curve with two moderately high
rises; heating of the latter gave a single but very abrupt rise
when the temperature reached about 60°C, In the ease of the
arteries of the skate, the second rise, due to heat rigor,

oepurred at a much lower temperature (580 to 42°C.) than in

warm-blooded animals (about 60°g,),
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INFLUENCE OF DRUGS

Both the chain of arterial rings and the artery verticai-
1y suspended responded by shortening to adrenaline in eoncentra-
tions of 1:1,000,000 to 1:2,000,000. This applies to all the ar-

teries whieh we investigated of Raja stabuliforis. Analogous,

though much less pronounced results were obtained with the arteries

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

nificant development of the muscular layers of the arteries owing
to the smaller size of these fish., The reaction of the ecircular
layer of muscle to adrenaline was somewhat different from that of
the longitudinal., 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
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+4eene—,.—A. Exp. Aug. 11. Relaxation, under the influence of adrenaline (concentration in
bath, 1:2,000,000), of superior mesenteric artery suspended vertically. Temperature 11° C
Raja stabuliforis, killed 45 hours previously and artery preserved in cold saline. B. Exp-
Aug. 16. Weakened preparation of superior mesenteric artery of Raja stabuliforis, killed
only 63 hours previously. Relaxation under adrenaline (1:2,000.000). Temperature, 111°
to 113° C. C. Exp. Aug. 15. Coeliac artery (9 rings) removed from Raja stabuliforis a few
hours previously. The preparation reacted to adrenaline and acetylcholine. Effect of barium
chloride (1:100,000). Temperature, 93° to 10° C. Exp. Aug. 17. D and E (direct con-
tinuation of D). Coeliac artery (8 rings) from a Raja stabuliforis, killed Aug. 16. Neithe
first nor second addition of adrenaline (1:1,000,000) has any effect. BaCl, (1:100.000)
produces a contraction. Temperature, 10{° C. F. Exp. Aug. 17. Aorta ventralis.
animal as in D and E. Effect of BaCl, (1:75,000). Temperature, 101° C.,

Same
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reached sooner with the circular museles 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 62, the latent period
of the adrenaline effect on the circular layer of the superior
mesenteric artery was only 25 seeonds.

The addition of adrenaline at the height of the con-
traction produced by a previous application of the drug did not
have any éffect. 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, effect. One such experiment is répresented in A
and B in the figure on page 63.

A relaxation of the artery under the influence of
adrenaline (1:2,000,000) was noted on two occasions only in both
cases in 1Qngitudinal strips of the superior mesenteric artery
forty-five and six-and-a-half hours respectively after removal
from the body. Part of the anterior intestinal artery (9 'rings)
excised from the second animal did not react to acetylcholine,
showed a very weak positive reaction to adrenaline, but gave a
good contraction after the addition of 2% BaClz solution.
Therefore bdth superior mesenteric arteries seemed to be in a
weakened state. This fact is worthy of mention because all
mammalian arteries do not gontract in response to adrenaline.

For instance, in oxen, pigs and sheep, very small doses of ad-
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et —Exp. Aug. 9. Raja stabuliforis, killed 12:30 p.m. Aug. 8, superior mesenteric artery
preserved in cold saline, vertically suspended. A. 11:38 a.m., 1 cc. acetylcholine (1:1,000)
added (concentration, 1:200,000). B. 12:03 p.m., addition of 2 cc. of 1:1,000 acetylcholine
(concentration 2:200,000) did not produce any effect. 12:10 p.m., adrenaline (concentration
1:2,000,000) gave positive effect. Temperature 101° C
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dcniei. —Exp. 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. 0.19,
atropine sulphate added (concentration 1:100,000). After the second addition of atropine
the rings began to relax. C. 5:31 p.m., adrenaline (concentration 1:1,000,000) did not
produce any marked contraction but somewhat inhibited the relaxation. Temperature
103° to 11° C.

renaline cause constriction of the coronary arteries, but

larger doses produce dilatation (Rothlinm 1920a and b), which
shows that the same muscles may respond differently to different
doses of a drug. The relaxation of a vertically suspended

strip of artery under the influence of adrenaline could not be
due to strong contracetion 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 contraeting. It is more probable that in certain eircumstan-
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ces 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-

ference 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, acetylcholine caused contraction
of the longitudinal as well as of the eircular muscles of the
skate's arteries. The latent period averaged 85 seconds. A

second addition of acetylcholine to the nutritive fluid, even
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freenm=ttn—A. Exp. July 21. Ring from conus arteriosus of Raja diaphanes (freshly killed).
Effect of gradual distension on a ring, not yet spontaneously contracting. B. Exp. July 22,
2 p.m. Ring from conus arteriosus of Raja diaphanes, killed 9:30 a.m. Effect of distension
on rarely contracting ring. C. Exp. Aug. 2. Ring from conus arteriosus of Raja stabuliforis
(freshly killed). Stimulating effect of distension. The marked rise of the curve on release
of the ring after tension was due to jerk of the lever.
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if the dose was 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
(28100,000), 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,'a1though 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

digghanes and nga erinacesa,

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 kidled 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 effeet in stimu-
lating contraction of the arteries in elasmobranchs 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 diaphanes and stabuliforis. 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 whieh it reacts to distension. when 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 prdper gonditions continue for
several BRours. 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. after unloading of the weicht the con-

tractions thus stimulated may continue for a while at a gradual-
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ly diminishing rate, and may then stop or pass into rhythmiec
contractions. If a ring is already contracting, a brief dis-
tension greatly increases the rate of the contraetions 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 conus arteriosus
is its reaction to tension, as 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 contractions and thus faeili=-
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 temperaturs. With rise or fall of the
temperature the rate of the automatic contractions increases or
decreases respectively.

Some experiments were performed with the objeect of
determining the effect of very asmall doses of aérenaline
(1:1,000,000 to 1:2,000,000 concentration in the bath) on the
gspontaneous contractions of a ring of conus arteriosus., Only
one~half of the preparations showed any noticeable (though
small) inerease in the rate of the contractions (from 5% to 15%,
and in one case 20%4). Care was taken to keep the temperature

of the saline in the bath constant.
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SECTION IV

THE EFFECT OF NERVE STIMULATION

Finally, the reaction of the smooth muscle of the
gastro~intestinal tract of the skate to stimulation of autonomiec
nerves was investigated. The procedure carried out in obtaining
nerve muscle preparations has been fully explained above.

GASTRO-PANCREATICO-DUODENAL ARTERY

FUNDUS OR ANTRUM
Stimulation of the artery with single or multiple bresak
shocks, or faradic stimulation with the secondary coil at from
0 to 14 cm. from the primary coil had no effect.
ANTERIOR GASTRIC ARTERY

ANTRUM

Single or multiple break stimuli with the smecondary coil
at 0-14 cm. had no effect. 1IRaradic stimulation lasting 2 min.,
with the secondary coil at 14 cm., sometimes produced excitation,
the amplitude of the comtractions being increased. When the
secondary coil was at 0 om. there was definite stimulation, the
rate and amplitude being increased, and in fully half the experk-
ments the base-line was raised. The latent period varied
greatly, being never less than 1/3 min. and never more than 3
min. A loss of vitality in the muscle seemed to be the cause
of the longer latent periods.
FUNDUS

Stimulatiol 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 effeect. Faradic stimulation with the secondary coil
at 14 cm. had no effect, but when it was at O em. the con-
tractions showed an increased rate and amplitude, although the
base-line was only sometimes raised. Again there was s

variable latent period.

B

e, A, muscle from fundic region of stomach. Shows the effect of stimulation (faradic,
secondary coil at 0 em.) of the anterior gastric artery. B, muscle from the spiral
intestine. Shows the effect of stimulation (faradic, secondary coil at 0 em.) of the
superior mesenteric artery. C, muscle from the rectum. Shows the effect of stimulation
(faradic, secondary coil at 0 ecm.) of the inferior mesenteric artery.

SUPERIOR MESENTERIC ARTERY

SPIRAL INTESTINE
Single and multiple break shocks and faradic stimali
had the same effect upon the spiral intestine as had similar

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 reacted to the arterial stimu-
lation practically instantaneously.

INFERIOR MESENTERIC ARTERY

RECTUM

dingle or multiple break stimuli with the secondary
eoil at 14 to 0 cm. had no effect. Faradic stimulation with
the secondary coil at 14 cm. sometimes stimulated, and with the
secondary coil at 7 or O 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 contraction.
The latent period was very short.

ARTERIAL STIMULATION AFTER ERGOTOXINE

Ergotoxine did not inhibit the response of the antrum
and fundus of the stomach, the spiral intestine, colon, and
rectum, to stimulation of the artery, and on two occasions it
actually scemed to sensitize the fundus and antrum to arterial
stimulation, as an enhanced effect was obtained after the
addition of the drug. See figure 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
stomach. The.'nerve was stimulated by a single break shock
when the secondary coil was at 0 cmes, and by multiple break
shocks when the secondary coil was at 0 and 14 cnm. Increase
in the smplitude of contraction was observed, but only that
contraction was affected which coincided with the stimulation

of the nerve.
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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 O 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-
tien. The response was practicdally instantaneous. Atropine
in doses of 0.4 - 1.4 c.c. (1:1000 solution) did not inhibit

this execitatory effeect, though if 1.0 c.c. 0of 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-
tion) will inhibit the effeet of 1.0 c.c. of acetylecholine

(1:1000 solution).
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dligwd. Muscle from the fundus of the stomach. Shows the effect of stimulation of the
vagus nerve, and the effect upon this of atropine (1 : 200,000). B, signifies single break
stimulus; Bb, multiple break stimuli; F, faradic stimulation. The figures denote the
distance in centimetres of the secondary coil from the primary coil.

CONTROL EXPERIMENTS

When a faradie current was passed through the elec-
trodes, which were placed in the sélution 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 stimmlation and the muscle had no effeet upon the motility

of the muscle,.
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OTHER OBSERVATIONS

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 fhe artery of
one strip was stimulated faradically, there was on several ocea-
sions 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 0.1l c.c. Oor 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 diaphanes and Raja erinacea (see

above). In Raja clavata, however, adrenaline in all doses

stimulates the antrum. Nevertheless, in both Raja naevus and

Raja clavata faradic stimulation of the enterior gastric artery

had an excitatory effeect upon the antrum,
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CHAPTER IV

DISCUSSION

We shall first discuss the effect of temperature upon
the motility o1 the gastro-intestinal tract. 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 prevaill 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%¢., ior the fundus 3.00 to
5.500., for the antrum 1.50 to 4.0°C., for the pyloric sphincter
1.5°fto S.OOC., and for the spiral intestine and valve 3.000.
Hence it can be seen that as the temperature is lowered inacti-
vity will first appear at the cardia and spread down to the
pyloric sphincter and spirsl intestine and valve. Complete
ipactivity will exist at about ;.DOC. On one occasion in this
geries of experiments, contractions were obtained in the antrum
of the stomach at O.9°C. The fact that contractions can still
exist at such low temperatures indicates that the physico-chemi-~
cal processes underlying muscular contraction in the skate must
be of an extrsordinary nature.

Alvarez (1928) believes that the gastro-intestinal con-

tente in msmmals pass in an aboral direction because there is s
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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 greater curvature of the stomach contracts more slowly
than the lesser curvature in the same region, that the antral
portion of the gregter curvature contracts more slowly than the
fundic part, that the pyloric sphincter contracts more slowly
than the antral region of the greater curvature, and so down the
alimentary tract. The e&xperiments of Brown and MeSwiney (1926)
in dogs and cats along this line give indications of such a
gradient in the former but not in the latter. A glance at the
findings in our series of experiments will show that such a con-
dition does not exigt 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 definite
gradient can be determined. The experiments on the intestine
also show that a gredient exists here. 1t is guggested that,
with the exception ot the pylorice sphineter, a definite gradient
does exist in the gastro-intestinal tract o the skate, and that
the reason why the pyloric sphinceter has a high rate oi contrac-
tion is that its function is that of a barrier and not that of

a propelling mechanism. Independently of us, licSwiney 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 contrac-
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,

l.e, the spiral intestine, has merely a churning function, where-~
as the spiral valve 1s the real motive forcece that drives the food
material towards the.rectum and colon.

Another point of interest is the fact that only sharp
spasmodic comtractions coming at intervals of about halfsan-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 spasmodiecally 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 certain 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 activity.

A series of experiments carried out on Fundulus hetero-

clitus show that the whole process of digestion is also greatly
infiluenced by temperature variations., Employing this fish, it
wag found that coincident with a rise in temperature of the water

in which it was kept there was an acceleration of the digestive



«=8Qm==-

processes in the first part of the intestinal tract, whereas
with a fall there was a retardation, The upper limit of tem-
perature at whieh digestion in Fundulus can proceed properly is
about 30°C, Above this point the process becomes irregular and
at 3500, most of the experimental animals died. The lower limit
of temperature for digestion is between 7° and 6°C., At 5.8°C,
almost unchanged food was aspirated from the duodenum more than
267 hours after feeding. The fish at this temperature were

motionless and would not take food of their own aeccord. Analo~-

gous results were obtained by ?urbin in the case of Rana escu-
lents. |

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 Q10
calculated from the data presented in the table on page 35
gave values varying between 1.44 and 3,06, using two valid points
for each, The temperature quotient expressed by Q30 however,
does not give a true picture of the relationship between tem-
perature and the rate of a given biological process. The ma-
jority of investigators apparently prefer the formula of Arr-
henius. As Crozier (1924) points out,--"For certain vital
activities which may be taken as typical it is found that the
underlying or controlling processes may be treated as systems of
tirreversible! first order reactions. To such processes the
equation of Arrhenius should be applied."”

For the above reasons the results obtained in this im-

vestigation have been interpreted according to Arrhenius, and
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in the graph given herewith log. K has been plotted against’ég.
When this is done 1t ean be seen that two straight lines are
obtained. This is explained by the faet that digestion is a
composite of reactions, both physiological and physico-chemical.
It is known that in such cases 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 passes suddenly to another reaction having a
higher temperature coefficient. The application of Arrhenius!
formula seems to be justified by the results obtained in this |

investigation. Using valid points, K, or the coefficient of

Log. K X 102

1.10 p—

0.90 | __

0.80 —

0.70 ol | | 1

0.003300 0.003400 0.003500 <

T® abs.

Jesewne=h —The influence of temperature upon digestion in Fundulus heteroclitus.
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activation, has been calculated for both high and low temperature
ranges at 21,000 for the former and 7,000 for the latter. At
the upper and lower ends of the temperature range the relation-
ships do not hold. Probably 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 stomach and kept
at different temperatures under different conditions. A glance
at the:'results shows that the survival time at each temperature
can be said to be exactly the same under trese three vastly
different conditions. Thus the tissue will live.-about 30 hours
at 20°C., about 38 hours at 15°C., about 50 hours at 10°C,, about
132 hours at 5°C,, and about 324 hours at 0°C. (This last
figure was only determined for strips of muscle preserved 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 Jjustified
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 20°C., 150C,, 10°C., amd 598.).

In the matter of the interpretation of the above results
the van't Hoff or R.G+T« rule may be applied. Q)0 calculated

from these has the following values: 1.66, taking the points at

2930 and 283%° absolute; 3.47, taking the points at 2880 and 2780
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absolute; and 6.48, takineg the points at 2830 and 273° absolute.
It can be seen from these figures that the value of Qjp increases
enormously as the temperature goes down. Oimilar results have
been obtained in other like processes (A.G. Huntsman, personal
communication). An adequate reason for such a tremendous in-

crease in the value of Qlo i very difficult te Timas

IO

288

283 | o

278 |—

Temp. in ° Absolute

IR
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48 96 144 192 240 288 336

268

Time in hours

Fewni=t —Survival time of gastric musculature of Raja in relation to temperature.

Another feature appeared quite prominently in all
these experiments. The tissue of the fish would remain firm
and odourless until just about twenty-four hours before contrag-
tions could no longer be obtained. ‘hen, recgardless 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 give off a strong odour which at first was not



gy - 7 .

unpleasant but soon became so. These rapid changes which cul-
minate in a complete loss of vitality would seem to be explained
by the findings of Reed (1925); if the bacterisl growth in fish
muscle was inhibited by toluel, 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 inerease in non-
coagulable and ammonia nitrogen was approximately the same as in
the autolytic reaction for the first sixteen to eighteen hours,
from this time on the combined action of the autolyzing enzymes
and the bacterial resulted in a very much more rapid protein
transformat ion.

Of the two processes mainly concerned in the disinte-~
gration of tissue, autolytic and bacterial, the former would
gseem to be the more important, since if the latter were the more
important, it would be difficult to concelve 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 condltion for bacterial
decomposition.

The results of the experiments dealing with the effect
of adrenaline, pilocarpine, acetylcholine and ergotoxine have

been summed up in the following tables. (See page 85)
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Effects of drugs on gastric musculature in Raja

Regioii Adrenaline Acetylcholine Pilocarpine
1:250,000 1:100,000 1:100,000
Cardia Stimulation Stimulation Stimulation
Pundus Stimulation Stimulation Stimulation
Antrum Inhibition Stimulation Stimnlation
(minute doses
stimulate)
Pyloric Stimulation Stimulation Stimulation
sphineter
Effects of drugs on intestinal musaulature in Ra ja
Region Adrenaline | Acetylcholine |.-Pilocarpine
1:250,000 1:100,000 1:250,000
Spiral intestine:
Upper end..... |8timulates stimulates sti%ulates
n "

Lower end.....

Spiral valve:
Upper end.....
Bower end.....

e ¢ 6 & s & 0 0

Colon...

Rectum.....

1
U}

n

f

L

"

dovbtful effect
1] n

stimalates
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The effect of drugs on the stomach and intestine.

Region Effect of |Effect of Adrenaline |Effect of Acetyl-
Ergotoxine after Ergotoxine choline or Filo-
carpine after atro-
pine.
I.S5tomach
a) Fundus |[Stimulation Stimunlation nil
b) Antrum [Stimulation Stimulation nil
¢) Pylorie
sphincter Stimnlation Stimunlation nil
II.5piral
intestine nil nil nil
I1I.Colon nil nil nil
IV.Rectum nil nil nil

We first shall discuss these effects upon the gastric

musculature of the skate.

It is interesting to compare these

with the results obtained in mammals.

Brown and MeSwiney (1926)

have dealt very comprehensively with these drug effeets in the

dog and the

cat. They found that adrenaline has an excitatory

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

al1so0 ocecurs.

In the antrum they found that adrenaline alsgo

causes inhibition, the contractions being reduced in height, 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 preparsa-
tions from the dog but never from the eat they found indications
of stimulation in the antral region. The effect of adrenaline
upon the pyloric sphinecter is almost identical with that in the
antrum.

The peculiar effect of adrenaline upon the antrum of
the skate is difficult to explain. Gruber (1922) and others
found that large doses of adrenaline inhibited the gastro-intes-
tinal muscle of frogs, while minute doses stimulated it. Kal-
treider (1930) 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 alt 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 correct.

The effect of adrenaline upon the antral region of the
skate's stomach may be explained by the hypersensitivity of this
region to the drug. The fact that tissue from this region that

has been kept for three or four days at 0°C,, is stimmlated by
all effeetive doses of adrenaline would seem to Bupport this

view.
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This effeet might also be explained by the hypothesis
that two types of sympathetic innervation exist in the antrum
near the pyloric eanal, one type inhibitory in function, the
other excitatory. With large doses of adrenaline the inhibitory
effect is dominant, while with mingte 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 cardia and pylorus. In
other words, from the evolutionary standpoint the sympathetie
nerves of the excitatory type aprear firgt, and the sympathetiec
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 inhibitory 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 effeet, if given after, it will
inhibit the action of pilocarpine., As above stated, in the
skate atropine by itself has no effect, and if given before pilo-
carpine the latter has no effect. If ghwen after pilocarpine or

acetylcholine there is a slight inhibition followed by a restora-
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tion of the norml contractions. These results are interesting
in the 1light of the theory of kagnus (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 effecect upon all parts of
the stomach ot the dog and cat. Brown and MeSwiney (1926) found
that under the influence of pilocarpine there is a considerable
rise in the base-line in the cardia and fundic regions, with less
rise in the antrum, and seldom any rise in the pyloric sphineter.
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 éffeet of acetyleholine sti-
mulates parasympathetic stimulation 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 acetylcholine throughout the skate's stomach lends support to
the idea that this organ possesses a well developed parasympa-
thetic nerve supply.

It is difficult to reconcile 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 lies in the fact that he used

a different nutrient solution, namely lines', 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
gtrips 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 as a rule faster and more irregular in rate and shape
thast those obtained from strips cut so as to show mainly the con-
tractions of the eircular layer. Kuroda (1924) found no rhythmic
contractions of any magnitude in such longitudinal strips cut
from the fundus of the dog's stomach. He also 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 camn be seen, first, that adrenaline
has a well-marked excitatory effect throughout, which is in con-
firmation of the findings of Dreyer (1928-29). This is further
evidence of a well-developed sympathetie nerve supply to the in-
testine of the skate, a fact which was first shown by Bottazzi
(1902). Babkin and MacEKa#y-Sawyer (personal comm@iniestion) also
found that by stimulation of the superior mesenterie artery they
were able to stimulate the contractions in the spiral intestine.
Iutz (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 rectum, The results of our series of experiments
do not agree with this but do agree with his further finding that
gstimalation of the posterior splanchnic nerves causeff an increased
motility of these parts. Just how to explain these two different
results is very difficult. Roth (personal commantcation) has
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been able to confirm the fact that adrenaline has an inhibitory
@ffect on the rectum and colon. He used a temperature of 17°C.
and a different nutrient solution. DPerhaps the explanation lies
in these two facts.

On two ococasions adrensline 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-
gsensitivity of these parts to adrenaline under certain @onditions.
This latter theory would seem to fit in Sétter with the fact that
only sometimes is an inhibitory effect obtained in the spiral
intestine (vide supra).

Guon and Underhill (1915) found that adrenaline had a
stimulating effect upon the muscularis mucosae of the gastro-in-
testinal tract of the cat. A directly comparable result was
found in this series of experiments on the effect of adrenaline
upon the spiral valve, since this part is supplied with muscle
derived from the muscularis mucosae of the spiral intestine.

The marked excitatory effeet of acetylcholine on all
parts of the intestine tends to show that there is a well-develop-
ed parasympathetic motor nerve suppl¥ to these parts. Bottazzi
(1902) first showed that stimmlation of the vagus nerve had a
strong excitatory effect upon the spiral intestine, 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 effeect which took place,
he thought, through a sympathetic outflow. The results of our
investigation on excised strips of colon and rectum showed that
acetyleholine has a marked excitatory effect, which would lead
one to believe in the existence of a parasympathetic nerve supply
to these parts. Bottazzi's experiments show that this supply
does not come from the vagus. One may speculate on the existence
of a parasympathetic outflow from the lower end of the spinal
cord comparable to the saceral outflow in mammals. Perhaps
Bottazzi stimulated this outflow 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 close to the surface of the cloaca of Ammo-
coetes. Dohrn (1888) ecalled these cells sympathetic, but Gas-
kell points out that Dohrn used the term "sympathetic'" vaguely
and that the cells in question eorrespond in position to the cells
of the pelvic plexus in higher vertebrates and therefore indicate
that group.

It is very desirable that a special morphological examina~
tion of the inmervation of the hind part of the intestine should
be made.

The results obtained with pilocarpine in this series of
experiments, in which it was found that the drug had an excltatory
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 effect on
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the spiral intestine and valve. The very indefinite effect of
Pilocarpine on strips taken from the spiral valve may be explained
by the fact that strips taken from this part are covered 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 introdueed 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 faet indi-
cates that in the gut of elasmobranchs the parasympathomimetic
and sympathomimetie drugs have not an antagonistic but a synergic
effect. An interesting case of the synergic effect of epine-
phrine and parasympathetic drugs on isolated strips of guinea-
pig's small intestine was demonstrated also by Bernheim and
Blocksom (1932).

The effeet of ergotoxine in the skate was interesting in
that it differs markedly from that in the mammal, where it has
first a stimulatory and then a paralysing effect upon the sympa-
thetie 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 pylotie
sphincter gave indications of stimulation.

The effect of adrenaline following ergotoxine is also

very interesting. In the spiral intestine, colon and rectum
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these drugs are antagonistic in their action, 0.6 c.c. of ergo-
toxine practically always inhibiting 0.2 to 0.3 c.c. of adrenaline.
But in the stomach no such antagonistic action occurred, even when
masgsive 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 Brgotoxine,

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 the experiments dealing with 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 stabuliforis 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 ehloride, whereas the elastic type do not. It also has
been shown by these experiments that both the circular and longi-
tudinal layers of muscle enter into the response of the muscular
type of artery to these drugs.

When considering the response of blood vessgels to adrena-
line, two facts should be kept in mind; first, the presence of a
mugcular 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 diggganes, where the musecular layer is thinner; 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 struetures having sym-
rathetic innervation. The work of Schmitt (1922) on the placen--
tal blood vessels is usually quoted as proving that the reaction
0of the blood vessels to adrenaline depends on the presence of
nerves to these vessels. Schmitt showed that the placental
blood vessels react in the same way as other blood vessels to
electrical or thermal stimulation and to barium chloride and his-
tamine. However, adrenaline even in high concentrations pro-
duced no effect, or else a very insignificant one. Nevertheless,,
‘it is not as yet clear on what part of the neuro-muscular
apparatus of a blood vessel that adrenaline aects,

This inyestigation of ours has shown that in elasmo-
branche 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 adrenaline by con-
striction explaines somewhat, at least, the rise of blood pressure
in this fish after intravenous injection of adrenaline (MacKay
1931). Purther investigation is necessary to show whether or
not arteriolar constriction takes part in this phenomenon.

We have mentioned above that in certain conditiong, when
the preparations were presumably weakened, a dilator effeect was
obtained. A similar comdition has been observed by many workers
in mammalian arteries whieh usually react to this drug by con-
strietion (Krawkow, 1922, found this occurred in inflammation;
Ogawa, 1912, observed it after prolonged perfusion of mammalian
organs with adrenaline,; and, Schilf and Feldberg, 1925, found it
occurred after repeated use of adrenaline on frog peeparations.)

After careful consideration of all the above facts, one
may safely say that the reaction of the muscular arteries of
elasmobranch fishes to adrenaline is analogous to the reasction
of mammalian arteries.

The effect of acetylcholine on the blood vessels of the
gkate is different from that obtained in mammals. Dale (1914),
Dale and Richards (1918) and Hunt (1918) demonstrated that mam-
malian arteries dilate under the influence of acetylcholine,

The effect of this substance on the blood vessels is purely peri-

pheral and is independent of any nervous ceonnection. Dale and
Richards in their perfusion experiments used the superior mesen-~

teric artery of the cat with its branches and fine ramifications



--9’1--

passing on to the small intestine. The addition of 0.001 mg.

to 0.002 mg. of acetylecholine to the perfused blood greatly in-
creased its outflow from the fine arteries. Recently Gaddum

and Holtz (1933) showed on cat and dog lungs perfused with blood
that "small doses of acetylcholine produced vaso-dilation in ecats
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 produees 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 ves-
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 (Xolm and Pick 1920). No analysis was made of the dis-
crepancy between the mode of aetion of acetylcholine in a whole
frog and in a preparation with blood vessels perfused with Rin-
ger solution. Howeger, it seems that the presence of blood in
the circulatory system is of great importance in regard to the

type of vascular reaction to acetylcholine.
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Both the cireular and longitudinal layers of the iso-
lated elasmobranch arteries reacted to acetylcholine 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 acetylcholine stimulates the ganglioniec
cells of the sympathetic nervous system is not execluded by our
findings.

It is not easy to interpret the stimulating influence of
acetylcholine on the blood vessels of elasmobranchs. Since the
arteries in the skate are presumably innervated by the sympathetic
syastem alone, it would be logiecal to suppose that acetylecholine
acts, not on the nerve endings or on some kind of myo-neural
Junetion in them, but on the muscle cells 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" acetylcholine-pogitive and "tetanic'" acetylcholine- nega-
tive (Sommerkamp 1928). The muscles of invertebrates react the
better to acetylcholime, the greater the tendency of the indivi-
dual muscle to "tonie" contraction (Riesser 1931). According
to Rickert (1930), reaction to acetylcholine has been noted in
the phylogenetically younger muscles, whereas the phylogeneti-
cally older muscles are not stimulated by this drug.

These explanations are very imnteresting 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 suggestixe. However, this much is e¢lear. As shown by



--99--.

our above experiments on the gastro-intestinal tract, and upon
the blood vessels in elasmobranch fishes these tissues give a
positive motor reaction to adrenaline and acetylcholine. These
same two drugs, when applied to similar struectures in mammals
give opposite effects.

Finally, let us consider the effect of autonomic herve
8t imulation wpon the motility of the gastro-intestinal tract.
This has been summed up in the following table on page 100.

In ‘:all ecases where the artery was stimulated faradieally
an excitatory response in the muscle was obtained, except when the
gastro-pancreatico~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 (1929Db)
call "peripheral summation of stimuli," is necessary before an
excitatory effect is evidenced by the methods used in this series
of experiments. These writers believe that this phenomenon
probably represents a summation of nerve impulses in Auerbach's
plexus.

The presence of a perlarterial 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 a system has been found by Babkin and MacKay-Sawyer (per-

sonal communication) who on stimulation of the coeliac plexus
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Region Effect of Artery Effect of Vagal
Stimulation ~Stimulation
Break | Faradie Break Faradiec
I. Stomach
(a) Fundus nil |Stimula- Stimala- | Stimmla-
tion tion tion
(b) Antrum nil |Stimula- . N
( ) tion
e¢) Pyloric .
sphineter * * * *
II. Spiral nil Stimula- * *
intestine tion
III. Colon nil Stimula- " "
tion
IV. Rectum nil St imula- " X
tion
Region Effect of Art, 8tim. | Effect of Atropine
after Ergotoxine on Vagal Stimulation
I. Stomach
(a) Pundus Stimulation nil
(b) Antrum Stimalat ion "
(e) Pyloriec Stimulation "
sphineter
II. Spiral Stimnlation "
intestine
III. Golon Stimplation *
IV. Rectum Stimulation ®

*Phese experiments were not earried out as it was impossible

to obtain a nerve muscle preparation.
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obtained contraection of the duodenum. The present series of
experiments indicates that the stomach is supplied 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 because it is a distant branch of the coeliae
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 mesenteric artery.

The results of Babkin, kriedman and MacKay-Sawyer (in
press) give ample verification of the results of these experi-
ments 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. lMore-
over, they found that the sympathetic and parasympathetic systems
were synergetic in their action on the stomach and not anta-
gonigtic as they are in the mammal,. Several others have ob-
tained similar results (Bottazzi, 1902; Babkin and MacKay-Sawyer,
1931; :Lutz, 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 somet imes
inhibited the excitatory effect of the latter. The other workers
do not confirm this, and the bulk of the evidence shows fairly
conclusively that the two parts of the autonomic nervous system
are synergetic in their acetion. These findings are not easy to
explain, MHller (1920) believes that the "gastric plexus" in

Squalus acanthias (a Selachian) is a true nerve net in which
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neurofibrils pass from one nerve cell to another, similar to

the nerve net in the sea anemone, This nerve net is connected
with nerve ends which Mfller believes are of vagal origin. He
does not make clear the relation of sympathetic fibres to the
"gastric plexus."” But if the sympathetic 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 "cholinergie"
and "adrenergic" depending on whether stimulation of an autonomic
nerve causes effects similar to that of acetylcholine or ad-
renaline. Looked at £rom 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 autonomiec nervous system is
so primitive that division into two parts is not possible, at
least on funetionsl grounds. We cannot distinguish "echoliner-
glc" and “adrenergie'" fibres. The neuromuscular system reacts
practically in an ldentical manner to acetylcholine and adrena-
line. Independently of each other Young (1933), and Babkin,
Priedman and lMacKay-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 effeet of ergotoxine on
mammalian and skete muscle (besides that mentioned above under
drug effects) was observed in that nowhere in the gastro-intes-
tinal tract was an antagonistic action on arterial stimulation

obtained, even when very large doses, such as 2.5 c.c., were
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placed in the 100 c.c. of mutrient solution bathing the tissue.
In faect in one or two cases ergotoxine seemed to make the antrum
and fundus of the stomach more sensitive to arterial 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 mammal. Atropine even in large doses
does not imhibit the effect of vagal stimulation, though these
doses will inhibit much larger doses of acetylcholine. Thisg is
very interesting in the light of the thepry 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 some investigators think.

This iB 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 identicsl with acetyl-
choline is released. He believed that it was this substance,
acting direectly on the musclé\cells, whieh produced the effect
of parasympathetic stimulation. In 1925 Magnus put forward
his theory that atropine inhibited the action of parasympathetiec
stimulation not by paralysing the nerve endings, as was then
thought, but by reacting chemically with the acetylcholine re-
leased it produced an inert substance. This theory has re-
ceived confirmation in the results from seme—Jsater exXperiments
carried out by Loewi and Navratil (1924) whenthey 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 @ialyses 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, becamse exactly similar
results, using an entirely different technique, were obtained

by Babkin, PFriedman, lacKay-Sawyer, (in press).

Control experiments were performed which showed that
the excitation must have been carried by nerves and not by con-
duction through other tissue or through the solution. These ex-
periments make the phenomenon of so-called "transferred 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 passage of an induced
current through the solution. It is possible that some

"excitor substance® was liberated from the sympathetic nerve
éndings of the stimulated strip and this reached a sufficient
concentration in the solution to affect the other strip of muscle.
If this hypothesls is true, we have here an interesting example

of the humoral factor in nervous stimulation.
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CHAPTER V

SUBMARY

I. TEMPERATURE RELATIONSHIPS

1., Effect of temperature variations upon the motility
of the gastro-intestinal tract of elasmobranch fishes.,

A rigse of temperature causes an inerease in the rate of
the spontaneous contractions of all parts of the gastro-intes-
tinal fract,

The upper temperature limit at whieh contractions exist
is about fhe same for all parts of the stomach and intestine,
viz., about 24,5°C. The lower limit varies for different parts,
being for the cardia 7° to 8°C., for the fundus 3.0° to 5.5°C.,
for the antrum 1.5° to 4,00C., for the pyloric sphineter 1.5°
to 3.0°C., and for the intestine about 3,0°C,

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, fundie por-
tion of the greater curvature and antral portion otf the greater
curvature.

The upper end of the spiral intestine has the same rate
of contraction 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
pylorie sphincter, Alvarez's theory of gradients is upheld by
the results of these experiments.

2. Bffect of temperature variation upon the rate of di-

gestion (in Pundulus heteroclitus).

The rate of the digestive processes is inereased 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
30°C, The lower 1limit is between 7° and 6°C.

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.

The data obtained in this investigation can be interpre-
ted acceording to the formula of Arrhenius.

3. Bffect 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 0°C., and others at 5°C., 1o°c., 1500. and
20°¢, respectively.

(b) Pour sets of starved fish were taken and killed.
One set was kept at 5°C,, and others at 100C., 15°C. and 20°C,

respectively.

(¢) Pour sets of freshly caught fish were killed and

kxept at 5°C., 10°C,, 159C. and 20°C., 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 0°C. was 324
hours, at 5°C. 132 hours, at 10°C, 50 hours, at 15°C. 38 hours,
at 30°C, 30 hours.

These results have been interpreted according to the
R.G.T. rule. Thus Qo between 293° and 283° absolute eguals
1.66, between 288° and 278° absolute equals 3.47, and between 2830 and
273° absolute equals 6.48.

It is coneluded that the autolytic process is more im-

portant than the bacterial process in the causation of tissue

death.,
There seems to be a very definite critical point in the
processes leading to tissue death, after which they become much

more rapid.

II., THE EFFECT OF CERTAIN DRUGS

Adrenaline stimulates all parts of the stomach except
the antral region near the pyloric canal, where it stimulates in
concentrations of 1:2,000,000, 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 oe-
curred in the spiral intestine.

This double effect of adrenaline might best be explained
by a hypersensitivity of these regions to the drug.

Pilocarpine stimulates all parts of the stomach 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 traect.

Atropine has no effect itself on any part of the stomach
or intestine, but counteracts 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 adrenaline, such as 0.2 e¢.c. (concentra-
tion in bath, 1:500,000) stimulate the fundus, antrum and pyleric
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 adrenaline in doses of 0.2 t0o 0.3 c.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 erinaces like the majority were) .

It is eoncluded from these experiments that there is a
well developed antonomic nerve supply to the gastro-intestinal

tract of the skate.

II1. STRUCTURE AND RESCTIONS TO STIMULI OF ARTERIES

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--coéliac, superior mesen-

teric and anterior intéstinal~-contain in their walls a nervous
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network of unmedullated fibres belonging probably to the sympa-
thetic nervous system.

Arteries of the glastic type show a different reaction
to distension from those of the muscular type, the effect reach-~
ing its maximum quiekly on loading, and disappearing quickly on
unloading.

Changes 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 14°C,

The circular and longitudinal layers of muscles in the
arteries contract in response to adrenaline, acetylcholine and
barium chloride. Atropine relaxes an artery contracted 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 rhythmiec
contractions of the conus arteriosus.

IV. REACTION OF THE GASTRO-INTESTINAL TRACT TO AUTONOQLIC
NERVE STIMULATION

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 stimulate the spiral intestine and colon, and of the in-
ferior mesenteric artery will stimulate the rectum.

This stimulation is probably carried by periarterial
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sympathetic nerves.

Ergotoxine, even in massive doses has no effect upon
arterial stimulation of any part of the gastro-intestinal tract.

Single and multiple bresk shocks, and faradic stimula-
tion of the vagus stimulate the cardiac and fundic regions of the
stomach.,

Atropine, even in large doses such as 1.5 c.c., i.€.
doses that will inhibit much larger doses of acetylcholine, will
not inhibit this effeet of vagal stimulation.

My thanks are due to the Biological Board of Candda, and
to the director and staff of the Atlantic Biological Station,
St. Andrews, 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. Iy thanks are also due to Dr. B.P. Babkin
who suggested this problem and was of the greatest help in

directing its investigation.
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