nnnnnnnnnnnnnnnnn

Loyola University Chicago

Loyola eCommons
Master's Theses Theses and Dissertations
1938

The Effects of Magnesium on the Recovery and Assay of
Acetylcholine Liberated by Motor Nerve Stimulation

Louis J. Belniak
Loyola University Chicago

Follow this and additional works at: https://ecommons.luc.edu/luc_theses

6‘ Part of the Medicine and Health Sciences Commons

Recommended Citation

Belniak, Louis J., "The Effects of Magnesium on the Recovery and Assay of Acetylcholine Liberated by
Motor Nerve Stimulation" (1938). Master's Theses. 3410.

https://ecommons.luc.edu/luc_theses/3410

This Thesis is brought to you for free and open access by the Theses and Dissertations at Loyola eCommons. It
has been accepted for inclusion in Master's Theses by an authorized administrator of Loyola eCommons. For more
information, please contact ecommons@luc.edu.

This work is licensed under a Creative Commons Attribution-Noncommercial-No Derivative Works 3.0 License.
Copyright © 1938 Louis J. Belniak


https://ecommons.luc.edu/
https://ecommons.luc.edu/luc_theses
https://ecommons.luc.edu/td
https://ecommons.luc.edu/luc_theses?utm_source=ecommons.luc.edu%2Fluc_theses%2F3410&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/648?utm_source=ecommons.luc.edu%2Fluc_theses%2F3410&utm_medium=PDF&utm_campaign=PDFCoverPages
https://ecommons.luc.edu/luc_theses/3410?utm_source=ecommons.luc.edu%2Fluc_theses%2F3410&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:ecommons@luc.edu
https://creativecommons.org/licenses/by-nc-nd/3.0/
https://creativecommons.org/licenses/by-nc-nd/3.0/
https://creativecommons.org/licenses/by-nc-nd/3.0/

LOYOLA UNIVERSITY R

THR FTFFPCTS OF MAGNFSIUM ON THF RFCOVERY AND ASSAY OF

ACETYLCHOLINE LIBERATED BY MOTOR NERVE STIMULATION.

A THEFSIS SUBMITTED IN FULFILLMENT OF
PHF_REQUIREMENTS FOR THE DEGREE OF
MASTER OF SCIENCE.

DEPARTMFNT OF PHYSIOLOGY AND PHARMACOLOGY.

BY
LoUIS J. BELNIAK,

CHICAGQ, ILL.,
1937




_ACENOWLEDGEMENT

It 18 with great pleasure that I ackrowledge the aid
given to me in carrying out the work herein desoribed.

First, I thank Dr. Boyd, at whose suggestion the work
wag undertaken, Secondly, I wish to voise my appreciation for
the advice and encouragement tendered by both Drs. Ets, and
Boyad.

lagtly, my sincere thanks go to J.J. Brosnan, who as
& fellow worker, was indispensable to the carrying out of many

of the perfusion experiments,




_INTRODUCTION

A8 esrly as 1904, Elliott suggested that the sympathe-
tio nerve fibers might aot by the liberation of adrenalin at
the nerve endings. However, it was not until I92I before loe=
wi's classical frogeheart experiments placed the existence of
& chemical mediator beyond & reasonable doubt. Since then, ex-
tensive work has been done in an effort to apply the humoral
theory of autonomic nerve-muscle transmission, to include alw
g0 the peripheral motor nervee-stiasted muscle tramsmission.

In 1934, experiments conducted on the caté tongue by
Dale, Feldberg, and Vogt, have shown quite conclusively that
Acetyloholine is liberated at the endings of a stimulated mo-
tor nerve. They also found that curare, although abolishing
the muscular response to nerve stimulation, d4id not abolish
Acetyloholine liberation. The last mentioned research was de=-
finitely instrumental in shifting the balance of sentiment to-
ward the chemiocal hypothesis.

Even at present, the problem of neure-muscular trans-
mission 1s being investigated by two opposing groups: I) the
Acetylcholine hypothe#is,and 2) the electrical action ourrent
hypothesis, (Bocles I925)., Although, there is evidence favor-
ing both these theories, mo experiment has yet been devised
that would definitely exclude either one or the other of these
theories.

Work of Iubinska ( I935 ), and more recently, that




prosnan and Boyd (1926) on.gigparations "ourarized with magne-
gium sulphate,” showed that repetitive stimulation of & motor
nerve tomporarily decurarized the preparation, and in general
behaved in a manner strenghtening the existing chemical hypothe=
gls of muscle-nerve transmission.

The research herein described is entirely based upon
the chemical theory of intermediary transmission, and was per-
formed to gain further evidence for or against the presumptive
findings of the above workers. Although we have worked primarily
on the recovery and assay of Acetylcholine from magnesium "ous
rarised"” and eserinized preparations, we have deviated enough to
warrant the following classification: 7

I. Assay for Acetylcholine from eserinigzed muscie-
nerve preparations,"curarized"” with oursre,

(a) Using the natural oirculation.
(b) Using the perfusion method.

2, Assay for Acetylechéline from oserinized and "ou-
rarized" preparations, using MgS0, as the block~
ing agent. (this group comprises the greatest
bulk of our work).

3. Assay for Aootyleholino using noneeserinized,
but magnesium "ourarized" preparations, to which
eserine was added within 15«30 seconds of sti-
mulation of the motor nerve.

Acetylcholine, which was first prepared in 1867, has




té]
the formula EO. N, (035)5. Cg By OCOCHz. It is an extremely hy-

groscopic substance, is rapidly hydrolyzed in alkaline or aque-
ous solutions, but is stable in acid or alecohol(Evans,I936),

Physiologiocally, it has parasympathomimetiec action,
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METHODS AND MATERIAL
The detailed proceedure employed in the perfusion of
the tongue, and in the assay for contained Acetylcholine in the
perfusate was as follows:

Dogs were anesthetized with nembutal, and the lingual
artery and vein on one side of the throat were cannulated, After
injeeting IO mg. of heparin into the cannulated lingual artery
to prevent elotting, the tongue perfusion was started,using the
perfusion pump., As rapidly as possible, the lingual artery and
vein on the opposite side were ligated, and the ocarotid artery
on the same side cannulated to allow bleeding of the animsal,
Rich ansstamotic communications of the tongue made bleeding nece
8s8ry fo prevent contamination of the perfusion fluid with blood
These same anastamotiec channels were responsible for the loss
of an undetermined volume of perfusion fluid, which presumably
wag constant’ in esach experiment,

- The perfusion was continued until all traces of bdlood
disappeared from the venous effluent. For this reason, anywhere
from 3 to 1% minutes elapsed before é resting sample was taken
for analysis, The rate of perfusion in the different experi-
ments varied from 4 to 9 c.0. per minute, but was rather con-
stant for each individual experiment.

Shielded eleotrodes were placed on the hypoglossal
nerve of the perfused side, and the nerve stimulated with an

induced current at a frequenocy of 100 per seecond. The muscle-
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nerve preparation in all instances was completely "ourarized"
preliminary to the period of stimulation, to thus prevent all
muscle response.

The perfusion fluid used, consisted of Locke's solu-
tion to which eserine (I~-500,000) and magnesium sulphate or
chloride, 80 to I0Omgs. per cent had been added, The fluid was
slways preoxygenated, énd warmed to 37.5°C.

The amount of magnesium added'to fhe perfusion fluid
determined the parcéntage concentrations of the other inor-
ganic ions, 80 as to keep the fluid osmotically equivalent to
normal Locke's solution. In a series of six experiments, s mo-

dified locke's solution was used,

Sodium chloride----=------- -ww=0,87 per cent
Potassium ohloride--------=-- --0.062 per cent
Calocium chloride----------- ~---0,028 per cent
Msgnesium chloride----ceeec-ua- 0.I0 per cent

A8 soon as the perfusate is free of blood, a resting
sample of IO o. a. was collected, stabilized with trichloracetio
acid, and placed on ice to prevent destruction of the active
substance. Other IO c.0. samples were collected during tefani~
zation, and at varying intervals thereafter,

The assay for the Acetylocholine was usually carried
out within 24 hours, and three proceedures were used in assay-
ing the perfusates: the reactions of the dorsal body wall of the

leech, the reactions of the frog rectus abdominis, and the
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changes 1in ocat's blood pressure. All these preparations are

highly sensitive to Acetylcholine, and gave quantitative resultsg
which were in oclose agreement,

When using the rectus or leech muscles, the method of
assay oonsisted of comparing the degrees of contracture pro-
duced by known quantities of Acetylcholine with contractures
pbtdined with perfusates collected at various stages of the
experiment.

The leech or rectus muscle was suspended in a muscle
chamber containing 12 ¢, o, of Ringer's solution and was
placed under a 4 gm, tension., A sensitive lever, arranged to
magnify movements I2 times, was used to record movements of the
mugecls on & kymograph (Chang and Gaddum, 1933).

After eserinizing the test preparatioﬁ (0.2 mg, eser=
ine salicylate applied for one-half hour) to 1nore§se its een-
gitivity for Acetyleholine, IO ¢.c. of the perfusion fluid
properly diluted with distilled water was applied tb the mus-
cle, and allowed to remain in contact with the preparation for
2 to 3 minutea., Dilution of the perfusate with water was neces-
sary to diminish the concentration of salts present in mamma-
lian Locke's, to a concentration more suitable for survival
and sotivity of the frog and leeoh muscles,

After removing the unknown solution, and allowing the
preparation to relax, various graded doses of known Acetyle

choline concentration were applied, so that a quantitative es-
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timate could be made by comparing heights of contrasction pro-
duced by the known and unknown solutions,

Two different methods of applying the perfusates to
the test preparations were employed.

(a) Direct application of the IO c.c. doses of diluted
perfusion fluid (Used only on the leech and recti preparations)

{b) Application of small volumes of concentrated pere
fusates, This method consisted of evaporating total volume of
fluid to dryness (in vaocuo), taking up with alcohol,again eva~-
porating to dryness, and finally dissolving the residue with a
small volume of saline, and testing. This method is especislly
useful when using the cats blood pressure preparation,

Since responses of both the rectus and leech muscles
are depressed by the presence of magnesium ions, it was neces-
sary to add to the standard Acetylcholine solution the same
concentration of magnesium as the perfusate contained, to thus
make possible satisfactory comparisona, Upon washing out the
magnesium containing standard, recovery of the test preparation
occurs, and thus permits repeated doses of the unknewn solu-
tien to be assayed without any serious depfooiation in the
acouracy of the preparation,

The use of the leech and recti muscles is especially
valuable in differentiating Acetylcholine effeots from those
elicited by potassium, whioh at present has also received se-

rious considerastion as being involved in some phase of the
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neuro-museular transmission (Cowan,I934),

Although, both Acetylocholine and potassium cause a
contracture of the frog reotus muscle, only Acetyloholine is
capable of eliciting a similer action on the leech muscle., The
potaseium actually causes a depression of the leech prepsration
(Chang and Gaddum, 1933). Therefore, the concurrent use of both
these preparations in assaying the perfusates, eliminates the
danger of oonfusing Acetylocholine effects with those of potas~
sium.

The other method used for assaying the Acetylcholine
content of the perfusates, involved the meagurment of the oat's
blood pressuwe. A continuous reocord of the carotid blood pres-
sure of a cat under nembutal anesthesia was made, and from 0,5-
I.0 0,0, quantitieg of concentrated perfusion fluid, collected
at various stages of the experiment,were injected intravenously,
Presence of Acetyloholine elicited an immediate, temporary drop
in the blood pressure, and the extent of the fall varied with
the concentration of Acetylcholine, If the fall in blood pres=-
sure was abolished by atropine, 1% was taken to be indiocative
of Acetylcholine, especially if similar values were obtained
by the frog or leech methods,

If ourare was used as the blocking agent, exactly the
same spparatus and prooeedures were involved, except that
I-10,000 ourare was incorporated in the perfusion fluid,

In the natural circulation experiments, the curare was
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injected intravenously, with collection of the venous effluent
for test purposes. Ten per cent trichloracetic acid was em-
ployed to precipitate the blood proteins, and then extracted

and concentrated before the assay for Acetylcholine was attempb-

ed. (Chang and Gaddum, I933).
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RESULTS AND DISCUSSION

In a very brief series of ourare experiments, using the
cat's tongue and the natural ociroculation method,our results
were as follows:

Table I.

Curare I1-I10,000; 0.4 mgs, Eserine Salicylate; IO mg.
heparin; Acetylcholine in gamma per c¢.c. of effluent

blood.
Experiment no. Resting sample Stimulation 20 min,
later
I. Neg. 0.11 Neg.
2. 0.0b 0.1Ib6 Neg.

The above experiments, although giving slightly high-
er results than those of Dale and his oco-workers, still confirm
their findings. Alﬁhough, our results are comparable, our ex~
periments differed in methods of procesdure, We used the natur-
al circulation, with whieh Dale reported very inconsistent ox
negative results, as compared to his perfusion method. Be~-
cause our series is too inadequate, we will not attempt to dis-
cuss the significance of our findings., Further, the methods of
extraction from whole blood are so involved and complicated,
that at best, we consider them to be subject to great error
when dealing with biologiocal quantities, This is especially truej
when the extraction process is as prolonged, and the extracted
subgtance as unstable as Acetylcholine,

The next series of experiments was the most extensivp
as well a8 the most important with respect to our original ob-

Jective; namely, that of attempting to recover Acetyloholine
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from venous effluents following motor nerve tetanization of 1!
Magnesium Surarised” musole~nerve preparations. Boyd(I932),
working with "ourarized" tongue preparations, was able to demen~
strate a facilitated response to single stimuli after repetitive
stimulation. Lubinska (I936), and Brosnan and Boyd (1936), made
similar observations using magnesium"cursarized" preparations, Alj
though, there were several distinct differences, primarily with
time elements and the nature of initial responses, between the
magnesium and ourare trested preparations, there also were seve=-
ral outstanding similarities.

Since the above results could most easily be explained

on the basis of a ochemical mediator, additionsl irformatien
wag necessary to uphold this contention, Dale performed experi-
ments showing the presence of Acetylcholine in perfusates after
stimnlation of curariged preparations, and the following tsabu-
lation shows results we obtained in similar experiments, bdut

using msgnesium as the "ourarizing" agent.

P _

Fig. 1. Leedh Preparation.Eserine.
MgS0, (0.8mgg. Mg/c.c.). #8,contrel,

#1,resting. #3 stimulating. #4
fellowing stimulation.
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Table 2.
Tongue perfusion experiments, using heparin, eserine,
and magnesium sulphate, Mg. concentration--0.8 to
1.6 mg./6.0. of perfusion fluid.
Acetylcholine in gamma per o.e. of perfusion fluid.
Exp. During After During Afterx
‘No. Stim. Stim. Stim. St im,

I. 0.062 0.02 Neg. Neg.
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Except for one instance, the initisl resting sample
always gave a8 negative test for Acetylcholine, and samples

colleoted during and immediately after a peried of tetanization,
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always indiocated higher Acetyloholine contents. There was & pro=
gressive diminution in Acetylocholine in the samples collected
thereafter, until samples collected 20 minutes after tetanizatior
were again negative for Acetylcholine. The aotive substance have
ing étther been completely dissipated, or fallen belew the thresH
hold of deteotability by bielogical methods,

Table 2 shows a ocompogite tabulation of Acetyloholine
aoctivities obtained in II separate experiments while using mage
nesium "ecurarized® preparations. It showe a fairly regular gra=-
dient in sctivities with s progressive diminution as the per-
fusion period increases.

For comparative purposes, we ran & short series of ex-
periments identical to the above in all details except that the
perfusion fluid wae magnesium free, Unlike the magnesium expe=-
riments, tetanigzation of the hypogiossal nerve evoked strong
muscle contractions, which often radically altered the rates of
perfusion. Although corrections were made on this account,

slight discrepancies probably still existed,.
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Table 3.
Tounge perfusion experiments using Mg.-free Locke's

solution. Otherwise conduoted similar to experiments

of table 2.

Exp. Resting During After During After
Yo. Sample Stim. Stim, 2nd Stim, 2nd Stim,
Io Heg. 0005 0102 0003 Nog.
2, Neg. 04045 0.03y 0.03y Neg.
e Neg, 0.043 0.03y 0.02y Neg.

, 4. NQS. 0.0356 06023 OOOIN 0.01

Barring one experiment in which activity was relatively
high, we may say that so far as quantitative ocomparison is
possible, the Acetyloholine recovered in magnesium experiﬁenta
does not seem to differ perceptidbly from perfusates obtained
in similar experiments, but using magnesium free solutions.
Values obtained varied between .03 gamma and .00 gamma per oc.o.
of perfusion fluid, whioh compares rather closely to the mag-
nesium perfusion series (table 2),

Whether the myoneural junotion is actually an anato=-
mical discontinuity (Dale), or simply a physiological entity,
the magnesium apparently effeots its block or terminal depres=
gion at this nerve muscle Junction. Consequently, nervous impuld
gses coming over a presumably normal nerve trunk, reach the
neuro-muscular junction, and although releasing the substance
thought by Dale to be easential for transmitting the impulse to
the strbated muscle cell, the magnesium bloock, effective at the

neuroemugcular junotion apparently is responsible for the faiw
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lure of the muscle to elicit its customary response.

In thie respect, 1t may be significant to note that
when ascting directly on striated muscle, magnesium and Acetyl-
choline have exactly opposite effects. One causes a depression
or reversible paralysis, the other a contractypre., It is quite
feasible to suppose then, that the terminal depression, produced
by magnesium, occurs only after ite concentration quantitatively
surpasses the Acetylcholine concentration.

Figures I and 3 respecotively were obtained in specific
experiments, but are representative traocings of the muscle reac-
tions in the Acetylcholine assay. They represent results obtaineq
in our perfusion experiments using magnesium as the curarizing
agent, but constitute only a fraction of the results listed in
table 2.

Figure 3 shows results of ar assay for Acetylcholine,
using the cat's blood pressure as the test preparation. Here
again it is a representative tracing, and includes only one of
the results listed in table 2. This method of assay was not used
routinely, but only where absolute confirmation of the results
with leech and recti tests was deemed necessary.

Because repetitive stimulation, as shown by Boyd, was
capable of inducing a prolonged recovery or potentiation of res-
ponsesg to gingle stimull, even 1n the absence of eserine, there
was created a situation which could not easily be explained on

the basis of the Dale chemical hypothesis, Dale believes that
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destruction of the liberated Acetyloholine takes place imme=
diately after liberation, and to that end has performed perfu-
sion experiments using eserine free Locke's solution throughout
the experiment, Acetylcholine was not detected in any of the
perfusates in these experiments, and the raéults were explained
on the basis of an immediate hydrolysis of the liberated Acetyl-
choline by a specific enzyme, the cholinesterase of the blood
and tissues., The function of the eserine is that of inhibiting
‘the aotion of the spesifioc esterase on the liberated Acetyl-
choline,

We have performed a series of slightly modified eserine
free perfusion experiments, to which eserine was added within
15«30 seconds after tetanization. This shortened the time inter=
val during whioch destruction by the cholinesterase could be
effective to about I6 seconds. Reoo#ery of Acetylcholine after
this time interval, and in the absence of an inhibitor to the
destructive agent, would be of great value in explaining the
prolonged potentiation described above.

Unfortunately, our results except for one out of six
experimente,were entirely negative, This shows that the destruc-
tive procese apparently occurs well within the I seconds allowef
before introduction of the eserine an unsolved phenomenon ffom
the stendpoint of chemical transmission.

SUMMARY

I. Positive results for Acetylcholine were obtained from cura~




2.

3.

4.

6.

6.
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rized preparations when using the natural oireulation, but
the amounts recovered were slightly higher than in the per-
fusion experiments.
Perfusates collected during and immediately after a period
of tetanization of the motor nerve under magnesium narcoti~
zation yield the highest concentrations of Acetyleholine
(.03 gamma~-.05 gamma Acetylocholine per ¢.c., of perfusion fine
1a).
There is a progresasive diminution in the Acetylcholine con-
centrations, until after I0~20 minutes, the samples are a-
gain negative for Acetylscholine.
If subjeocted to a second period of stimulation, there is a
sharp rise in the Acetylsholine concentration, but also a
very rapid dissipation.
Experiments in which magnesium=free Locke's solution was used|
yield approximately the same concentrations of Acetylcholine,
a8 those in which magnesium curarization was employed.
Egerine free exper;menta in which the anti-esterase is add-
ed within I6 seconds after stimulation gives s negative test

for Acetylcholine.




Fig.d. Blood Press. of cat under Nembutal. Eserine 0.2mgs. |
per kilo. Atropine (1.2mgs.) at IL. A,Control. B,During
stimulation. C,Immediately after stim. D,Immediately after

C. Samples given in 1 C.C.doses (i.v.) and represent 8 c.c.

’I of perfusate. MgCly (1 mg. of Mg/c.c. of perfusion fluid.). m

Fig. 3. Frog rectus sbdominis.
Eserine. NgSOg (C.8mgs. of lig
Per c.c.). #1, resting. #2,
stim. 74, Immediately after.
#65, after 4. 76, after 2min's.
77, control fluid.
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