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FIG. 3. The s m i e  preparation 15  niin after inci ta-  
ti o 11 of pr ec i pi t a t i o 11. 

rupts the formation of aggregates or a t  least 
slows down the process sufficiently to make a 
registration of the different stages possible. 

The surface relief of the aggregates does not 
show but their contours suggest a granulated 
structure. although it is hardly possible to 
draw any conclusions regarding the size or 
shape of the individual molecules in the aggre- 
gates. However, a scrutiny of the micro- 
graphs reveals the presence of other structures 
besides the aggregates, viz., small practically 
spherical bodies measuring ca. 120-180 X. In 
the 0-minute specimen they are very numerous 
and not easily distinguishable from a mere 

coarseness of the carrier film. With the 
growth of the aggregates they decreased con- 
siderably in number and appear, in the 15- 
minute specimen, scarce and evenly distrib- 
uted over Ithe membrane. It would seem, 
therefore, that these structures represent par- 
ticles present in the specimen and not only a 
rough surface of the collodion film. T'he ob- 
vious inverse correlation between the size of 
the aggregates and the number of small par- 
ticles indicates that the larger structures are 
formed by aggregation of the latter. The size 
of the small particles is not incompatible with 
the assumption that they represent molecules 
of the macroglobulin. 

SUWZT~ZQYJJ. -4 case of anemia combined with 
hyperglobulinemia is described. In  the serum 
the presence of a macroglobulin with an esti- 
mated molecular weight of about one million 
was demonstrated. Electron micrographs of 
the partially purified macroglobulin under cer- 
tain experimental conditions show the pres- 
ence of spherical particles measuring approxi- 
mately 120-180 A%. 
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The Neuroinuscular Mechanism of Alkalotic and Hypocalcemic Tetany." 
(19367) 

H. KOEKIG, H. STAHLECKER, AND R. S. KOENIG.~ (Introduced by Piero P. Foa.) 
From the Depart iireat of A n a t o m y ,  Chicago Medical School, Chicago, I l l .  

The motor phenomena which characterize elevation in blood pH. Either of these altera- 
tetany consist of muscle fasciculations and tions in the milieu interne apparently di- 
tonic and clonic muscle spasms. Tetany is minishes the stability of the nerve cell mem- 
usually caused by a reduction in the concen- brane, which diminution is reflected in an in- 
tration of ionized blood calcium or by an creased electrical excitability, altered after- 

* These results n-ere presented at  meeting of 
.4merican Ph!-siolopical Society. Salt Lake City-, Utah, 
Sept. i! 193'1. 

t Chicago State Hospital. 

potentials and a reduced capacity of accommo- 
dation ( 1,2). 'At a critical level, iterative 
spontaneous discharges occur which are prop- 
agated along the nerve fiber(l,3). While 
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most of these (observations have been made on 
peripheral nerves, other neural structures have 
been demonstrated to discharge spontaneously 
in hypocalcemic and alkalotic states. Bronk 
and associates(4) have shown this to be true 
for sympathetic ganglion cells. Ruffler ( 5 )  
found that the peripheral nerve terminations 
in the motor end plate display spontaneous 
activity in hypocalcemic states. Very little 
is known of the influence of hypocalcemic and 
alkalotic states on neurons within the central 
nervous system. The question of what part 
or parts of the neuromuscular system are the 
primary site or sites of irritation in tetany is 
still incompletely answered. The present in- 
vestigation is concerned with the analysis of 
this problem. 

Material and methods. Eleven cats and 
one dog anesthetized with sodium pento- 
barbital ( 3 3  mg/kg) were employed in this 
study. Artificial respiration was provided by 
a Harvard type respirator pump through a 
tracheal cannula. Alkalaosis was produced by 
continuous intravenous infusion of an B Y ,  
solution of sodium bicarbonate or a 5% solu- 
tion of sodium carbonate. Venous blood was 
collected under mineral oil in a hypodermic 
syringe from time to time and the pH de- 
termined with the Beckman glass electrode 
pH meter. Hypocalcemia was produced by 
venoclysis of a phosphate buffer with a pH of 
approximately 7.4 ( 3  g of monobasic sodium 
phosphate, 30 g of dibasic sodium phosphate 
in 600 cc of solution). The rate of adminis- 
tration of these solutions was adjusted so that 
manifest tetany was present in from 15 min- 
utes to 30 minutes after venoclysis was begun. 
The influx of solution was then slowed so as 
to maintain a relatively steady state of tetany 
until the termination of the experiment. In  
the analysis of the neuromuscular mechanism 
of tetany in these experiments it was found 
necessary only tlo section selected peripheral 
nerves and to emplmoy a myoneural blocking 
agent, although lother procedures such as 
spinal cord transection and dorsal root section 
had been contemplated. The hypoglossal 
nerve was dissected lout in five cats at  the 
level of the hyoid bone in the floor of the 
niouth and loosely ligated. The brachial plex- 

us was exposed through a dorsal approach 
and this, too, was loosely ligated in 5 cats and 
one dog. After tetany was present, these 
nerves were cut and the effects on the tongue 
and forelimb musculature observed. In  these 
and in other experiments the direct effect of 
alkalosis and hypocalcemia on muscles was 
observed by intravenous administration of 
d-tubocurarine (Squibb) in doses greater than 
sufficient to block transmissilon of nerve im- 
pulses a t  the myoneural junction. 

Results. The objective manifestations of 
tetany in cats and the one dog were identical 
whether produced by alkalosis or by hypocal- 
cemia. Muscle fasciculations appeared first 
and were most easily seen early in the tongue. 
These soon spread to involve other muscles. 
In the alkalosis series, the blood pH at the 
onset of fasciculations ranged from 7.65 to 
7.80. Tonic muscle spasms were observed 
usually soon after the onset of fasciculations. 
The muscles of mastication and the forelimb 
muscles were the first to be so affected. Tonic 
spasm of the former muscles produced a firm 
elevation of the mandible. Tonic spasm of the 
latter muscles produced a sustained flexion at  
the wrist joint and in more extreme cases also 
an extension at  the other joints, although the 
posture of the tonically contracted limb dif- 
fered somewhat in different animals. The 
hindlimb and trunk musculature participated 
in the tonic spasms only in extreme tetany, 
which was induced by administering the phos- 
phate or alkaline solution at a rapid rate after 
tetany was already present. This was a 
hazardous procedure, however, for cardiac 
arrest frequently supervened. At no time 
were clonic spasnis observed. 

Hypoglossal nerve section. The hypoglossal 
nerve was cut unilaterally proximal to its 
point of entry into the tongue in 5 cats after 
tetany was produced. Fasciculations were 
present in the tongue at  the time of section. 
In  three animals, there occurred a complete or 
partial cessation of muscle fasciculations in 
the ipsilateral half of the tongue. After a few 
seconds, f asciculations reappeared and shortly 
thereafter there was no perceptible difference 
in motor activity between the 2 halves of the 
tongue. In  the remaining two experiments, 
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section of the hypoglossal nerve produced no 
alterations in the muscle fasciculations at any 
time. 

Brachial. plexus section. I n  6 experiments 
the brachial plexus was cut on one side after 
muscle fasciculations and tonic spasms were 
present in the forelimbs. In  2 animals there 
occurred a moderate relaxation of the tonic 
spasm which lasted for several seconds and 
then was followed by a return to the previous 
state. the motor activity being identical in the 
experimental and control forelimb. In a third 
animal, a temporary exaggeration of the tonic 
spasm occurred upon cutting the brachial 
plexus. In  another 2, section of the brachial 
plexus did not alter the muscle spasms of the 
ipsilateral forelimb. Fasciculations behaved 
as the tonic spasms in all these experiments. 

d-Tubocurarine injection. In four experi- 
ments, d-tubocurarine was injected into the 
femoral vein when tetany was marked. With- 
in a few seconds, complete cessation of all 
motor phenomena occurred. and persisted even 
after the rate of administration of phosphate 
or alkaline solution was increased. 

The reports in the literature 
dealing with this problem are frequently con- 
flicting. Thus, some investigators (6-10) 
found that transection of the spinal cord a t  
the thoracic level abolished tetany in the 
hindlimbs, whereas others ( 1 1 , 1 2 ) claimed 
that this procedure had no effect on tetany. 
I’aton et a1.(6) reported that section of the 
peripheral nerve abolished all manifestations 
of tetany in the denervated limb. West(lZ), 
however, found that this procedure, and de- 
afferentation by dorsal nerve root section as 
well, blocked the tonic and clonic muscle 
spasms of tetany but that muscle fascicula- 
tions still occurred. The latter investigator 
concluded that the tonic and clonic muscle 
spasms in tetany depend upon the integrity 
of the spinal reflex arc and that the muscle 
fasciculations result from a direct action of the 
blood on the muscle fibers. The above-men- 
tioned discrepancies in results may be at- 
tributed to two factors: the method of pro- 
ducing tetany, and the use of the hindlimb 
musculature. These investigators. with one 
exception ( 10) produced tetany by extirpation 
of the parathyroid glands. Parathyroidectom- 

Discussion. 

ized animals have periods of manifest tetany 
alternating with latent tetany. Furthermore, 
they may rapidly become resistant to the 
hypoparathyroid state( 13). This iorm of 
tetany is evidently difficult to control or regu- 
late. The second factor, perhaps even more 
significant than the first, is the niuscle groups 
singled out for the study of neuroniuscular 
mechanism of tetany. The hindlimb muscu- 
lature of mammals is relatively resistant to 
tetany as compared with the forelimb muscles. 
In  spite of this. however, previous studies have 
employed the hindlimb muscles in analyzing 
the role of the nervous system. Segative re- 
sults in such studies, i.e., failure to observe 
manifestations of tetany, are not necessarily 
conclusive. Positive results when recorded are 
significant. 

In this study, both of these factors were 
taken into consideration and the experiments 
designed to avoid these pitfalls. The experi- 
mental production of acute hypocalceniic and 
alkalotic tetany by continuous intravenous in- 
fusion of phosphate and sodium carbonate and 
bicarbonate solutions is a reliable method 
which permits minute to minute control of the 
severity of tetany merely by regulating the 
influx of solution. The muscles of the tongue 
and forelimbs were selected for the analysis 
of neural mechanism of tetany since it was 
these muscle groups that were found to be 
most responsive in tetany. The results of the 
present investigation show clearly that not 
only the fasciculations but also the tonic 
spasms produced in alkalotic and hypocalce- 
mic tetany can still occur in muscles shortly 
after section of their nerves. West’s( 1 2 )  fail- 
ure to observe tonic spasms in acutely de- 
nervated muscles and in muscles deafferented 
by dorsal nerve root section can be attributed 
to his employment of the hindlimb muscles of 
parathyroidectomized dogs. The complete 
and enduring abolition of all motor activity 
in tetany which follows the administration of 
d-tubocurarine, a myoneural blocking agent, 
eliminates the possibility of a direct activation 
of muscle fibers in tetany. This is consistent 
with a report of Hartridge and West (14) that 
subparalytic doses of curare abolish para- 
thyroid tetany in dogs. I n  spite of this find- 
ing, however, West(12) in a subsequent re- 
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port inferred that muscle fasciculations result 
from a direct action of the blood on the muscle 
fibers, 

Under the condi tilons of these experiments, 
i t  is evident that the fasciculations and tonic 
spasms occasioned by alkalosis and hypo- 
calcemia can occur as the result of spontaneous 
iterative discharges arising in peripheral motor 
nerve fibers or their terminations in the motor 
end plates. These results cannot, of course, 
preclude the possibility of the participation of 
neurons within the central nervous system, or 
of sensory neurons in spinal and perhaps even 
supraspinal reflex arcs. In  fact, there is con- 
siderable evidence that sensory fibers also are 
irritated and discharge repetitively in human 
tetany ( 2 ) .  However, our results strongly 
suggest that activation of peripheral motor 
nerve fibers or terminations account for the 
motor manifestations of tetany whether caused 
by an elevation in blood pH or a reduction in 
ionized blood calcium. This view is supported 
by Kugelberg's( 15)  finding in one human sub- 
ject with inveterate hypocalcemic tetany that 
impulses occurring in the fourth interosseous 
muscle of the hand and recorded electromyo- 
graphically continued unaltered after appar- 
ently effective procaine block of the ulnar 
nerve at the elbow. 

Sumnaar.v. 1. Tetany was produced acutely 
in eleven cats and one dog with solutions of 
sodium bicarbonate, sodium carbonate and a 
phosphate buffer administered by venoclysis. 
Fasciculations and tonic spasms involving 
especially the head and forelimb musculature 
characterized this form of tetany. Clonic 
spasiiis were were not seen in anesthetized ani- 
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mals. 2.  Section of the hypoglossal nerve did 
not significantly influence the fasciculations o i  
the tongue musculature. Section oi the 
brachial plexus did not significantly inhence 
the fasciculations or tonic spasms of the iore- 
limb musculature. 3. Paralvtic doses of d- 
tubocurarine blocked all motor maniiesta- 
tions of tetany. 4. It was concluded that all 
of the motor phenomena characterizing alka- 
lotic and hypocalcemic tetany could result 
from the spontaneous iterative discharges oc- 
curring in peripheral motor nerye fibers or 
their terminations. 
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Some Factors Influencing Production of Ulcers in the Shay Rat. (19368) 

C-4SIMIIR FUNK, PHILIP TOMASHEFSKY, .kTHUR EHRLICH, AND ROBERT S0lX;VP. 

From the Research Department, U. S .  Yitaniin Corp., Sew York  Ci ty .  

In  our experience, the incidence of ulcers paper. Recently, Madden ef QZ. ( 1) in a criti- 
in the Shay rat varied from 100% to 25%. cal study of the Shay procedure concluded 
There are no apparent reasons for this varia- that the method is valuable for the study o i  
tion, and some of the complicating, but sig- gastric secretion and of less value ior the study 
nificant, observations are recorded in this of the ulceration mechanism. We have used 


