RESTING AND AcTioN PoTENTIAL IN THE Froc EYE

of the left phrenic nerve may be associated
with the mechanical elevation of the stomach,
which leads to dumping of the food into the
duodenum. Surprisingly, a similar rapidity
of gastric emptying is seen in the dog, which
does not assume the up-right position of the
human. After phrenicotomy the stomach in
the dog was ballooned, and hypotonia and
hypokinesia were apparent, but there was
never any vomiting. The small intestine ap-
peared moderately contracted, with puddling
of barium. Although a relatively large gas
bubble was present in the fundus of the
stomach after phrenicotomy, no or very little
gas appeared in the intestine.

Following bilateral supradiaphragmatic
vagotomy, there was much gas in the stomach
and intestines and severe vomiting of frothy
mucoid material was present, and the dogs
appeared to be quite ill.

When the left phrenic nerve and both vagi
were cut at the same time, there was no
vomiting and the animals did not appear to be
ill at any time postoperatively.

While left side phrenicotomy, performed
in addition to bilateral vagotomy, does not
reiieve the retention and loss of tone of the
stomach which follows bilateral supradia-
phragmatic vagotomy only, yet, a number of
disturbing complications of vagotomy such
as gaseous distention and vomiting were not
observed. It is possible that in case of atony
of the stomach the pumping action of the left
diaphragm forces air into the stomach, which
cannot escape through the cardia, and part of
which enters the intestine. Achalasia of the
cardia may be present following supradia-
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phragmatic vagotomy and may be a factor in
the retention of air in the stomach. Paralysis
of the left diaphragm by phrenicotomy may
abolish the pumping of air into the stomach
and, by stretching the stomach forward, may
facilitate escape of air through the esophagus.

Discrepancies in the clinical reports on
gastro-intestinal effects of interruption of the
left phrenic nerve may be due in part to the
fact that the patients were suffering from ad-
vanced tuberculosis of the lungs, possibly also
from intestinal tuberculosis. Furthermore,
the method of interruption of the phrenic
nerve is important, whether it was crushed,
cut, or avulsed. In cases of avulsion or
exeresis in the neck, sympathetic fibers may
have been disturbed, thereby accounting for
additional symptoms.

We do not propose left side phrenicotomy
in cases of gastric atony and retention. but
merely want to bring to attention some of
the relations between the diaphragm and the
gastro-intestinal system.

Summary. Section of the left phrenic
nerve is followed by gastric hypotonia and
hypokinesia and the presence of a large gas
bubble in the fundus of the stomach. Gastric
emptying time is shortened considerably. The
barium appears to puddle in a moderately
contracted intestine. There were no symp-
toms observed which could be associated with
the so-called gastro-cardiac symptom complex.
When phrenicotomy is done simultaneously
with vagotomy, the vomiting and the gaseous
distention of the gastro-intestional tract asso-
ciated with Dbilateral supradiapliragmatic
vagotomy only, are not seen.
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It has been observed that the magnitude
(b-wave) of the action potential elicited from

* This investigation was supported by a grant
from the Research Board of the University of
Illinois.

the excised frog eyeball in response to a light
stimulus varies with the magnitude of the
resting potential,! other conditions remaining

1 Therman, P. 0., Acta MﬂSocietatis Fennicae,
N.8.B., 1938, 2, No. 1.
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constant. It has further been reported® that
the above direct relation was consistently
observed in the dark-adapted eyes of intact
curarized frogs.

These observations imply that the sensi-
tivity of the retina, measured by the retinal
electric response to a constant intensity, con-
stant duration light stimulus, is determined by
the resting potential as well as by the state
of adaptation.® The theoretical importance
of this implication indicates the necessity for
quantitative data.

Method. Experiments were performed on
two types of frog eye preparations: (1) ex-
cised but intact eyeballs of frogs (Rana
pipiens) and (2) excised enucleated eyeballs.
Electrical contact with the eyes was made
through agar impregnated wick electrodes
connected to calomel half cells. Resting
potentials were measured with a type K
potentiometer; action potentials were re-
corded with an Offner condenser-coupled
amplifier and crystograph. All animals used
were dark-adapted 24 hours or longer and
preparations were made under a weak red
light. Constant intensity (expressed as foot
candles, hereafter f.c.), constant duration
(0.02 sec) test flashes were admitted at
periodic intervals. Temperature varied in the
range 23 to 25° C.

Results.
eyeballs.

The results obtained varied with the in-
tensity of the test flash. The protocols of
typical experiments appear in Columns 1, 2
and 3, Table I. For low flash intensity
(0.28 to 2.8 f.c.) the results are reasonably
uniform and the ratio, 2¢tion potential (b-wave)

resting potential
is fairly constant. For flash intensity of
28 f.c. the ratio is initially high and decreases
during the experiment.

1. Experiments on excised intact

2. Experiments on excised enucleated eyes.
A protocol of a typical experiment appears
in column 4, Table I. In general the action
potential decreases as the resting potential

2 Brossa, A., and Kohlrausch, A., Adreh. Anat.
Physiol., 1913, 449,

3 Riggs, L. A., J. Cell. and Comp. Physiol., 1937,
9, 491,
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TABLE

Protocols from Experiments on Excised Tntact Eyeballs, Col. 1, 2, and 3, and Excised Enucleated Eyeballs, Col. 4.

HEnucleated

Intact excised eyeballs of the frog.

Flash int. — 2.8 f.c.

Flagh int. — 0.28 f.c.

—

Flash int. — 2.8 f.c.

Tlash int, — 28 f.c.

-
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ABSORPTION AFTER FOLIC ACID

decreases, but not in a relatively uniform
manner. The ratio, :E:;?ng;%fx%’ typically
increases during the experiment.

Discussion. The parallel variations in
magnitude of the resting and action potentials
of the frog eye are in agreement with the
observations of Brossa and Kohlrausch.
These investigators measured resting and
action potentials with the same electrodes and
with the same recording device, a string
galvanometer.

Under these conditions changes in contact
resistance might conceivably affect both rest-
ing and action potential in the same manner.
In the experiments reported here the same
electrodes were used but with two types of
recording instruments: a null-point type K
potentiometer and a condenser-coupled high-
gain amplifier. Changes in contact resistance
would affect the amplified reading much more
than the potentiometer reading. Therefore,
the parallel variations in resting and action
potential must be attributed to the photore-

171

ceptor.

The data obtained from excised intact eye-
balls are rather uniform for flash intensities
of 2.8 f.c. or lower. For higher flash intensi-
ties the magnitude of the action potential
drops off more rapidly than does the resting
potential, indicating inadequate recovery of
sensitivity between test flashes. The data
from the excised enucleated eyeballs indicate
consistently action potentials whose magni-
tudes decrease much more slowly than do
the resting potentials. This difference be-
tween intact and enucleated excised eyes may
possibly be due to differences in retinal area
illuminated.

In conclusion, the action potential obtained
from intact and enucleated excised frog eyes
in response to constant intensity, constant
duration light flashes varies as the resting
or demarcation potential. The electrical re-
sponse of the excised eye to light is determined
by the state of dark-adaptation and by the
magnitude of the resting potential.
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Interest in folic acid was aroused in this
laboratory because of the similarity of the
steatorrhea in sprue and in obstruction of
the pancreatic ducts. Spies'-5 and co-workers
have contributed most notably to the ad-

* Research Fellow, Joseph H. Pratt Diagnostie
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vancing knowledge of folic acid. We wished
to determine whether or not absorption of
fat and nitrogen was influenced in pancreatic
steatorrhea by the use of folic acid. In earlier
work Spies et al.5 mentioned that changes
in the size and consistency of the stodls in
tropical sprue occur after treatment with
folic acid, in that the stools became less bulky
and more solid.

Darby and others® in a report of sprue cases
from the Vanderbilt University Hospital state
that stool examinations in 2 cases 2 months
after treatment was begun still showed an
increased fat content though diarrhea had

6 Darby, W. J., Jones, H. C., J.4.M. 4., 1946,
130, 780. '





