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The application of artificial hypothermta to clinical medicine has been steadily increasing of recent years. 
Insufficient study has, however, been made of the functional and morphological effects of this proceduic and of 
cooling the organism in general. There has been particularly little work done in this connection on the peri- 
pheral nervous system. 

Cajal [9] has investigated the effect of cold on regeneration of nerves. He has also described changes tak- 
ing place In motor ganglion cells of lizard~ during hibernation. Staemmler [16] has found degenerative changes 
in peripheral nerves following frostbite, and associated with pet-l- and endoneurifls. Legouix and Thieulin [10] 
have examined the effects of temperature fluctuations on peripheral nerves, and found that cooling lowered con- 
ductance of stimuli. 

M~ller [1i] examined ganglion cells of the brain of cats in a state of artificial hypothermia induced by 
administration of Megaphen, and found severe degenerative changes, characterized by breakdown of Nissl sub- 
stance, with formation of cytoplasmic vacuoles. The changes in the brain stem were of greater severi~ than In 
the cortex. 

The object of the present study was to investigate morphological changes in peripheral nerves, appearing 
during hypothermla. We have been unable to trace any literature references to thls subject. 

Our experimental material  consisted of 78 rats and 10 rabbits (64 experimental animals, and 24 controls). 
We examined the intramural cardiac ganglia, the intramural nerve plexl of the duodenum, and the richly inner- 
rated bursae of the knee and hip joints. 

We lowered the body temperature of the first group of animals to 30", 24* and 18", by packing ice around 
them. The animals were maintained at these temperatures for three to six hours, or for 10-23 hours. The group 

consisted of 36 animals. 

We induced hypothermia in the second group by the admlMstradon of Laborit's mixture (atropine sulfate 
0.0005 g, phenobarbltol 0.055 g, lsocaine 0.015 g, phenergen 0.025 g, tubocuradne 0.0001 g), at this dosage per 
kg body weight, and introduced over a period of two hours. The animals were then cooled to 30" or 24", for a 
shorter or longer period, as in the experiments with direct cooUng. We used 20 animals for these experiments. 

In the third group of animals we produced neuroplegia by administration of Largactil. The body tempera-  
sure fe l l  to 33-34", and the animals were maintained at this temperature for the same periods of t ime as in the 

other groups. Tlffs group consisted of eight animals. 

Rectal temperature was measured every half hour. The animals were all  killed in the same way, by ad-  
ministration of ether either Immediately after the conclusion of the experiment, or one to three days later (10 

anlmzls). 
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The nerve elements were made vi~tble by impregnation with silver, using Lavrent'evs modification of the 
8~elchowsky-Gro~ method [6], and, In addition, ~r applied Doglel and Shabadash's procedure [15] of staining 
with methylene blue. These procedures, which stain nervous system elements in different ways, complement 
e~eh other very sa~sfactorlly. Material from the conuol anlamls was treated In the same way as tho~e from the 
experimental groups. In order to achieve greater objectivity the slides were marked wtth code numbers. 

E X P E R I M E N T A L  RESULTS 

We examined terminal nerve fibers, peticellular structures of vegetative Intramural ganglia, and also re- 
ceptors. The first degree of change perceptible in the structures was theIr he2ghtened st~inabllity, the next, ir- 
regul~ltles in the thickness of the fibers (thickening or thinning), with formation of varlco~fies along their axes, 
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Fig. 1. Arbo~iform receptor from special ceils. 
Erdaanced argyrophilicity and irregular thick- 
ness of terminal fibers after cooling to 24" for 
5 hours, Articular bursa of a sat. Impregnated 
with sliver. 

which is considered In the literature to be evidence of 
an Irritated state, preceding the onset of Wallerlan de- 
generation. 

In the normal animal larger or smaller urmayeli- 
nated fibers are distinguished b 7 their smooth outlines 
and by their uniform thickness along the whole of their 
length. In the experimental animals, in particular in 
those which had been subjected to prolonged or profound 
cooling, we found, in addition to heightened intensity of 
staining, a thickening of the fibers, with formation of 
large varicosities. 

The ganglion cells of the intramural cardiac nodes 
of the normal animal are mrrounded by a network of 
regular fine pericellular fibers with smooth contours; 
these fibers become thicker after administration of Lar- 
gactil. This manifestation of an irritated condition is 
particularly pronounced in cooled animals (Figure 1). 

Evidence of irritation was also seen in the fibers of 
the nerve plexi of the conducting system of the heart of 
experimental animals. 

The Auerbach plexus of the duodenum of normal 
animals ts distinguished by the uniform thickness of the 
nerve fibers; In artificial hypothermia some of the fibers 
stain more Intensely, their outlines become irregular, and 
vasieosities appear. 

The commonest type of nerve endings to be found 
In the articular bursae are the corpuscles ofRuffini, which 
originate from myellnated fibers by dichotomous ramifi-  

c a t o n  to give unmyellmted fibezs distributed between intensely staining nuclei of special cells. 

These t~mina l  arborlzaflons, are more frequently encountered in artificial hypothermla because of their 
lnc.teased stainabiltty. Neurofibrillar platelets could be seen at the ends of the unmyelinated terminal fibers of 
the arborlzatio~_s, In specimens stained with methylene blue. S l m u l a l o n  of these formations In cooled animals 
could be perceived in the form of thickening and uneven diameter of the ramifications of the urmayellnated fi-  

bers, or of varicose swellings {Figure 1). 

Another type of encapsulated receptor commonly found In the articular bursae are the modified encapsulated 
eorpnseles of the Vater-Paccinl type (Golgl-Mazzoni bodles). The Increase In their staining capacity was mani -  
fested not only by the Increase In the number of stained corpuscles seen, but also by themore Intense stalrting of 
the Inner bulb of the corpuscle; we found 245 encapsulated corpuscles In 80 animals, and the number of such en- 
capsulated receptors In animals subjected to artificial hypothermla was 2z/z times as great as In normal animals, 
and In cooled animals four times as many were seen. The irritated state In cooled animals was manifested by 

thickening of the axon and by Irregularities In its thickness (Figure 2). 
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Fig. 2. Encapsulated receptor of the Golgi- 
Mazzoni type. Enhanced argyrophiHcity and 
Irregularity of the axon after cooling to 24" 
for 5 hours. Articular bursa of a rat. Silver 
impregnated. 
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Fig. 3. Neuromuscular spindles. Enhanced ar- 
gyrophlllcity following cooling to 32" for 4 
h o u r s . . ~ t  muscle. Silver Impregnated. 
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We encountered cor~iderable difficulties In stain- 
Ing the neuromuscular spindles of control animals. For 
this reason the greater staining cap~city of the expert- 
mental animals Is regarded by us as being a consequence 
of the cooling (Figure 3). 

The enhancement of staining capacity and the signs 
of irritation of the nerve structures represent a nonspect- 
fie reaction of the perip~heral nervous system to excesslve 
stimulation, which may be produced by a great varlet>" 
of factors. Such changes are described In the literature 
as'being present throughout the parasympathetic system 
In pulmonary tuberculosis [7, 5], in hypertensive disease 
[4], and in oxygen hunger [2, 6]. We have also observed 
them under conditions of oxygen deprivation, excessive 
physical strain, artificially produced arthritis, and am-  
putations [12, 13]. 

Similar changes are also to be found irr normal 
animals, but to a much smaller degree. 

Enhancement of staining capacity and formation 
of varicose swellings of the fibers have been described 
In the literature as being reversible phenomena. We 
could distinguish fewer fibers and receptors in animals 
Mlled one to three days after treatment than in those 
killed immediateIy after the conclusion of an experiment, 
which supports the view that the changes observed by us 
are reversible. It seems that metabolic changes occur in 
the cells, causing the increase In their capacity for stain- 
lng with silver and methylene bIue. It is logical to sup- 
pose that such changes In the fibers and receptors may 
lead to changes in conductance or receptivity of the 
structures. Wallerian degeneration, which Is regarded as 
an lrreverslble condition, was not encountered hi our ex- 
periments. 

Changes In the peripheral nervous system resem- 
bling those described above have been reported by As- 
takhov [1], In his experiments on artificial hyperthermla. 
The changes due to cooling appear, however, to be more 
pronounced, and of longer duration. 

Not all  nerve fibers are equally affected. Our ob- 
servations showed that thick terminal fibers proceeding 
from myelanated ones are the most affected, while the 
slender fibers accompanying the blood vessels remained 
unchanged. The experiments show that the sensoryap- 
paratus Is less resistant than are the vegetative nerve fi-  
bers of the blood vessels, in which we could never observe 
any changes. 

Our results sho~r that the greatest changes It. the 
peripheral nervous system are to be found In anlmals ~ub- 
je t ted to direct cooling. The effects are less pronounced 
(only heightening of staining capacity) In ardmals sub- 
jeered to artificial hypothermia (by Laborit's procedure), 
and after administration of LargactlL These changes 
seem to be reversible. 



The change~ are greater ~e  lower 
they are maintained at Io%" tem[~r~tures. 
In general of the same l~lnd. 

the body temperature of the experimental animals, and the longer 
The effects seen In the heart, the Intestine, ~nd the joint bursae are 

S U M M A R Y  

Experlment~ were performed on rats and rabblu. It was established that changes occur In the perlphera! 
nervous system of the heart, intestine and the articular cap~11e In: 1) simple decrease of the body temperature 
by application of lce; 2) In artificial hypothermla lfiduced by l~borlts' methor and 3).in neuroplegia induced 
by largactyl. These chang~ are m~nlfeszed by: ~) Increased staining; b) Increased rou&hness of the nerve fibers 
and their varicosity. These changes mainly affect the thick terminal fibers and nerve endings, sensory function, 
while slender fibers of the vesseh, vegetative by function, remain unchanged. The lower the body temperature 
in the animals and the longer the experiment, the more pronounced the c~hanges in the nerve fibers. The most 
considerable changes appea~ed in the animals which were cooled by means of ice. In artificial hypothermia the 
changes were ma~afested mainly by increased stalrang of the nerve fibers and were reversible. Experiments show 
that hypothermia affects the whole orgarflsm. In the peripheral nervous system it mainly has an effect on fl~e 
~enso~y nerves. Howeve r. these changes are not specific since they are also found in other prolonged interventiom. 
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