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Effect of Blood of Myasthenia Gravis Patients on Acetylcholine
Sensitivity of Prostigminized Frog and Leech Muscle.*

SipNEY J. CoHEN, 1. CHARLES KAUFMAN, EUGENE B. SriTz,
AND MoORTON M. STERN.

From the Division of Neuropsychiatry, Montefiore Hospital, New York City.

The idea of a circulating toxic factor in the
blood of patients with myasthenia gravis as
set forth by Bramwell and Campbell,! and
Oppenheim® received confirmation in a clini-
cal experiment by Walker.” She reported a
case of myasthenia gravis in which, by cutting
off the circulation in both arms and maximally
exercising the arms, she was able to induce
drooping of the eyelids and then generalized
weakness by merely releasing the tourniquets.
This observation suggested to us the possibility
of demonstrating in the blood of patients with
myasthenia gravis a factor which would de-
press the acetylcholine sensitivity of pro-
stigminized leech dorsal and frog rectus
muscles. In a search of the literature we
could find no such previous attempt.

Methods. The dorsal muscle of the leech
and the rectus of the frog were each set up in
a test tube and the response to acetylcholine

measured according to the method of Chang
and Gaddum,? with slight modifications. The
muscle was immersed in 25 ccof frog Ringer’s

*We wish to express our gratitude to Doctor
Louis Leiter for the use of the medical laboratorices,
and to Doctor Karl Harpuder for his helpful
guidance. :
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solution, prostigmine added to a concentration
of 2.5 X 107, and then acetylcholine in con-
centration varying from ! X 10 7t0 2.5 X 107
depending on the reactivity of the individual
muscle. This was in each case the control con-
traction, to which we compared the contraction
obtained under the same concentrations of
prostigmine and acetylcholine in the presence
of 1 cc of different blood samples. Nine
normal subjects and 3 patients with myas-
thenia gravis were the blood donors. In all
cases the blood was drawn from a deep ante-
cubital vein, with the arm at rest and again
after the forearm muscles had been exercised
to a state of fatigue with the tourniquet ap-
plied just above the antecubital fossa. In 4
experiments the blood was drawn after the
tourniquet had been loosened. Blood was
allowed to stand for 6 hours at 0°C before
being used; it was then centrifuged and the
serum used. In all experiments save one the
serum was clear; in this experiment the blood
was purposely hemolyzed by drawing with a
wet syringe, and the serum used contained
many hemolyzed red blood cells. The Ringer’s
solution was always brought to a pH of 7, and
air constantly bubbled through the solution.
All materials were at room temperature when
used.

Results. In the presence of clear serum.
Neither the normal serum nor the serum from
patients with myasthenia gravis had any effect
on either the prostigminized frog or leech
muscle before the addition of acetylcholine.
The height and the slope of the contraction to
acetylcholine did not appreciably differ from
that obtained in the control (a) whether there
was serum from normal subjects or patients
with myasthenia gravis present, (b) whether
the serum was obtained before exercise or
after exercise, or (c) whether the blood was
drawn with the tourniquet applied or with
the tourniquet loosened.

In the presence of serum containing hemo-
lyzed red blood cells. Both the height and the
slope of contraction obtained in the presence
of serum containing hemolyzed red blood cells
were greater than the control, but there was
no difference between that obtained with nor-
mal blood and that with blood from patients
with myasthenia gravis.

ACETYLCHOLINE SENSITIVITY IN MYASTHENIA GRAVIS

Discussion.  Although the literature has
abundant references to the possible presence of
a circulating toxic factor in myasthenia gravis,
laboratory confirmation has been lacking. By
injecting the freshly drawn venous blood of
myasthenic patients, McEachern* attempted
unsuccessfully to demonstrate a “curariform”
effect in cats. Other authors such as Harvey
and Lilienthal® spoke of a curare-like substance
in patients with myasthenia gravis. Our work
shows that in the six-hour-old sera of myas-
thenic patients there is no curare-like sub-
stance, as this type of blood did not interfere
with the acetylcholine sensitivity of prostig-
minized leech dorsal or frog rectus muscle. Any
possibility of demonstrating the presence of
this factor in red cells was obscured by the
stimulating effects of potassium and lecithin
released from hemolyzed red cells. One is not
justified, however, in denying the presence of
a toxic factor outright, for the following three
reasons. First, the methods may have been
inadequate to isolate, preserve, and demon-
strate this substance. Second, is the fact that
we used frog and leech muscle, presumably
from healthy animals. There is a difference
between the presumably normal frog and leech
muscles and the easily-fatigued muscles of a
myasthenia gravis patient. Moreover, as
Walker showed in her experiment, the muscles
of a myasthenia gravis patient are not all af-
fected to the same extent necessarily. These
facts suggest that if there is a circulating
factor, it can produce its effects only upon a
susceptible muscle. Finally our experiment
was limited to demonstrating the effect of .
myasthenia gravis serum upon the action of
previously synthesized acetyl choline. Tt is
therefore possible that the circulating factor
affects not the action but the synthesis
of acetyl choline. . Torda and Wolff®* have
recently shown that frog brain incubated
in the presence of serum from patients with
myasthenia gravis synthesizes less acetyl-
choline than it does in the presence of serum
from normal people or patients with other
debilitating diseases. They suggest that the
defect in myasthenia gravis is in the synthesis
of adequate amounts of acetylcholine to main-
tain muscular contraction, and that the faulty
synthesis may be due to several factors, one of



PENICILLIN: MISCELLANEOUS PHARMACOLOGICAL RESULTS

which is the presence of inhibitor substances.

Summary. Attempts were made to experi-
mentally demonstrate a circulating factor in
the blood of normal people and of patients
with myasthenia gravis before and after exer-
cise to a fatigued state, which would depress
the response of prostigminized frog and leech
muscle to acetylcholine. Before the addition
of acetylcholine to the perfusion fluid it was
found that neither normal serum nor serum
from myasthenic donors had any effect upon
the prostigminized leech or frog muscle. Serum,
whether from a normal or myasthenic donor,
had no significant effect upon the acetyl-
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choline sensitivity of either frog or leech
muscle. Although hemolyzed blood from both
normal and myasthenic donors increased the
acetylcholine sensitivity of prostigminized
leech and frog muscle, there was no quantita-
tive difference in the effect of the two types of
hemolyzed blood. A circulating factor de-
pressing the acetylcholine sensitivity of frog
and leech muscle could not be demonstrated
with our methods in myasthenic patients. Some
reasons for the non-detection of this hypo-
thetical factor and some theories as to the
etiology of myasthenia gravis were discussed.
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Penicillin: Miscellaneous Pharmacological Results.*

WinDpsor C. CutTing, R. M. HaLPERN AND C. A, ARMSTRONG.
(With the technical assistance of Mary W. Cutting.)
From the Departments of Pharmacology and Therapeutics and of Medicine,
Stanford University School of Medicine, San Francisco.

Penicillin has surprised all investigators in
its non-toxicity. Various phases of acute and
chronic toxicity, and in vitro activity, are re-
ported in this paper. The results corroborate
those of van Dyke! in the paucity of adverse
pharmacodynamic effects.

1. Effect on Excised Organs. The contrac-
tions of strips of pregnant guinea pig uterus in
an excised-organ bath were not affected by

¥ Supported, in part, by the Rockefeller Fluid
Research Fund.

Dr. Alvin J. Cox, Jr., of the Department of
Pathology assisted in the pathologieal cxamina-
tions, and Capt. Arthur L. Lack, A. U. 8., in the
cxamination of eonjunctival vessels. Part of the
penicillin was provided by the Office of Scientifie
Research and Development from supplies assigned
by the Committee on Medicul Research for cxperi-
mental investigations recommended by the Com-
mittee on Chemotherapeutics and other agents of
the National Research Council, and part was sup-
plied by Dr. Charles Clifton of the Department of
Bacteriology, Stanford Medical School.

1van Dyke, H. B., Proc. Soc. Exp. BioL. MEp.,
1944, 56, 212.

1, 2 or 10 cc of a solution containing 1500 u
of penicillin per cc. Similarly, several strips
of rabbit abdominal aorta were not influenced
by from 1 to 5 cc of the same penicillin, while
1 cc of a 1:5 million dilution of epinephrine
produced contraction.

2. Vomiting in Pigeons. Twa pigeons were
given penicillin intravenously, 4000 and 7500
u respectively in 5 cc of water, without the pro-
duction of vomiting, or other symptoms, in 30
minutes.

3. Anticatalytic Effect. Two hundred and
fifty individual tests were made of the in vitro

-effect of penicillin on the liberation of oxygen

from hydrogen peroxide by a catalyst® The
results were similar, irrespective of whether
Fuller’s earth or collargol served as the cata-
lytic agent. Penicillin from 6 different sources,
in high concentrations, invariably inhibited the
liberation of oxygen, while in low concentra-
tions (50 units or less in the system), it pro-
duced no effect. It was at first hoped that

2 Hanzlik, P. J., and Cutting, W. C., Science,
1943, 98, 389,



