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been chosen as end-points, namely: onset of 
anoxic T-wave : cardiac slowing of 18 
beats, min.; increase in frequency and also 
flattening of the electrical activity of the 
cortex: and onset of isoelectricity of the EEG. 
The onset of these, abstracted from the con- 
tinuous records, are plotted on the straight 
lines representing the rates of injection. The 
points for each variety of end-point lie on 
curved lines. The complete curves for one 
representative experiment (Cat No. 155) are 
presented (Fig. 1) as well as one composite 
curve containing the average values for 10 
animals (Fig. 2 ) .  I t  will be noted that while 
the various effects of NaCN occur serially 
close in time at  high rates of injection, at 
slower rates of injection they are dispropor- 
tionally spread out in time. 

I t  is not surprising that the 
oxygen tension is inconsistent when both the 
consumption and the supply are variably de- 
creased. 

If detoxification of NaCN in the body pro- 
ceeded at  a constant rate, the plots of the 
end-points of any variety would fall on a 
straight line. The observed ascending curves 
being convex upward, indicate that the rate 
of detoxification increases with the concen- 
tration-as it would if it followed the law of 
a mass action. The clinical correlate of this 
concept is that a greater margin of safety 
obtains at  slower rates of injection and for 

Discussion. 

higher end-points. Thus in Fig. 1 there is 
an interval of 3 minutes between EEG iso- 
electricity and EEG flattening when NaCN 
is injected at  73 pg/kg/min. and an interval 
of 7 min. at 38 pg/kg/min. At slower rates 
the interval increases greatly and at  25 
p.g/kg/min. isoelectricity never occurs. 

As the rate of injection is increased so as 
to approach the injection of the whole dose 
in 7 seconds, new factors begin to determine 
the time of appearance of the end-points. 
These include not only circulation time and 
time for diffusion into the tissues, but the 
time for the alteration of the tissue and the 
time for the development of the particular 
phenomenon as well as other things at pres- 
ent unknown. Any attempt to extrapolate 
from the curves for slow injection to the 
time of appearance of any sign after sudden 
injection is clearly unwarranted. I t  is im- 
portant to note that these other factors de- 
termine delays too short to account for the 
observed curvature. 

NaCN in dilute solution has 
been injected slowly at  constant rates rang- 
ing from 7 to 100 pg/kg/min. The time 
and dose, at  which several phenomena are 
first encountered, plot in ascending curves 
which are convex upward. This curvature 
probably indicates that detoxification of 
XaCN proceeds rapidly at  higher concentra- 
t ions. 

Summary. 
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Effects of Use and Disuse on Nerve Endings, Neurosomes, and Fiber Types 
in Skeletal Muscle." 

EBEN J. CAREY, EUGENE HAUSHALTER, LEO C. MASSOPUST, FRANK GAROFALO, JOHN 
LYNCH, DENIS TABAT, AND ELI SOCOLOFF. 

TI the  Department  of Anatoniy ,  ,Varqiette Universi ty  School of Medicine, Xilwaakee, Wisc .  

Pathologic neurosomes were first identified 
in the muscles of man1 and monkey2 during 

the early acute changes produced by polio- 
myelitis, and later in the muscles of rats and 
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chameleons during the onset of shock follow- 
ing hemorrhage,:: heat.‘ trauma;’ chemical 
action,‘; and histamine injection.; Suggestive 
evidence of the probable relation of the 
periodic secretion from the nerve endings to 
the granular and agranular muscle fibers, 
as well as to the clumping effect of I)I)TS 
on the neurosomes. had been demonstrated. 
The  discharge of pathologic neurosomes into 
muscle during the earl!- stages following 
nerve section!’ had likewise been shown, as 
well as  the possible relation of the progressive 
loss of the normal. fine neurosomes to the 
gradual disappearance of the normal, dark 
and granular muscle fiber during atrophy. 
The purpose of this paper is the histologic 
demonstration of the giant fusiforni neuro- 
somes, discharged from nerve endings. re- 
tarded in rate of discharge. diffusion. and 
dissolution during the early stages of mus- 
cular atrophx of disuse following tenotomy 
of the innervated gastrocnemius nluscle of 
the rat. 

Methods. V-nder aseptic surgical technic, 
the Achilles tendon of the right gastrocnemius 
muscle was completely severed by transverse 
section from the calcaneus. and 3 mm of 
the distal end of the tendon were excised, 
in 150 white rats ( M u s  norvegicus).  The 
gastrocnemius muscle of the left leg was al- 
lowed to remain intact and used as a control 
of the effects of normal use. .it  24-hour 
intervals the morphologic changes in the right 
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ON NEUROSOMES 

gastrocnemius muscle were compared with the 
normally used muscle of the left side in each 
of 5 rats over a 30-day period. Segments 
of the control and experimental gastrocnemius 
muscle and sciatic nerve were simultaneously 
subjected to the same histologic technics. I n  
30 additional white rats, 2 were selected at  
48-hour intervals following tenotomy. A 
ligature tied a t  the cut end of the muscle 
had a t  the free end of the ligature suspended 
weights that varied from 10 to 30 4 de- 
pending upon the size of the muscle. The  
living muscle in situ was gradually restretched 
prior to excision and gold impregnation for 
10- to 15-minute periods alternating with 
5 minutes of rest for 3 to 5 hours. 

The  method of gold impregnation and teas- 
ing of whole muscle fibers, previously de- 
scribed,*-9 was found superior t o  any other 
neurologic technic for the detection of the 
structural changes of the nerve endinqs in 
muscle. This method was checked against 
the current popular ones in which silver or 
methylene blue are used. The  muscles were 
likewise stained with osmic acid, Sudan 111, 
Sudan black, and Scharlach R, as well as 
with ordinary stains such as hematoxylin and 
eosine, after fixation with either formalin, 
Zenker’s fluid, or other fixatives. Formalin 
produced chemical changes and altered crit- 
ical features of the morphology of the neu- 
romuscular apparatus. No alcoholic dehy- 
drating agent was used in the gold method of 
teased whole mounts. The  teasing of whole 
musc!e fibers was a better technic than that 
of cutting the muscle into sections for ob- 
servation of the whole neuromuscular ap- 
paratus and the anatomical relationships and 
changes of the epilemmal axon, hypolemmal 
axon, granules of Kuhne, cross striations, 
and the granular and agranular muscle fibers. 
The following experimental observations will 
be confined to the structure of nerve exlings 
and muscle revealed by the gold technic. 

Results. Eflect of normal use on nerve and 
muscle. The normal muscle observed after 
gold impregnation and in teased whole mus- 
cle fibers had narrow, dark, and coarsely 
granular muscle fibers (Fig. 1) scattered 
among others of various diameters which 
were either finely granular or relatively 
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FIG. 1 TO 3. 
Normal innervation, Fig. 1 ; discharge of giant,  fusiform ncuro- 

somes from end plates 35 days a f te r  tenotomy, Fig. 2 ;  and atrophy of nerve endings and muscle 
30 days a f te r  tenotomy, Fig. 3: whole, teasrd, gastrocnemius muscle fibers, white rat. Lcgeiid: 
nc, nerve endings ; GKS, giant fusiform neurosomes. 

Photomicrograplis X 150. 

Gold chloride technic. 
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agranular and light (Fig. 1 and 4) .  These 
dark fibers were designated as hyperchry- 
sophilous and the light ones as hypochry- 
sophilous and achrysophilous. There were 
multiple gradations of affinity for gold be- 
tween the extremes. The nerve endings were 
usually retracted and deeply impregnated 
with gold (Fig. 1) in the hyperchrysophilous. 
dark muscle fibers. In the hypochrysophi- 
lous fibers the nerve endings were usually 
expanded (Fig. 1) and had a decreased af-  
finity for gold. The granules of Kiihne 
usually formed a dense rim around the re- 
tracted nerve endings whereas there was a 
quantitative diminution of these granules. to 
the point of complete depletion, around the 
extended branches of the expanded nerve 
endings produced by neuroprotoplasmic 
streaming. Tn a differential count of 5000 
nerve endings the retracted endings varied in 
length from 20 to 40 p and the expanded 
endings from 40 to 60 p. 

The normal muscle in cross section (Fig. 4)  
had relatively narrow fibers with coarse 
granules or neurosomes and the wide fibers 
contained medium-sized and fine granules. 
There were variations in the size of the 
granules, however, in the fibers of different 
diameters. In  other locations in this same 
muscle, some of the wide ,fibers were rela- 
tively agranular. The axon, nerve endings, 
granules of Kiihne, and granules in t+e muscle 
fiber, all had the same reaction to gold. The 
size and distribution of the granules were 
assumed to be related to the different degrees 
in the process of hydrolysis after the neu- 
rosomes were discharged into the muscle. 

Eflect of tenotomy on nerve and muscle. 
There was a progressive loss of the differential 
types of muscle fibers following tenotomy 
(Fig. 2 and 3 ) .  The characteristic normal 
dark type of granular muscle fiber was grad- 
ually lost until, on the 30th day (Fig. 3 )  
following tenotomy, it was very infrequently 
found. There was, likewise, a great deple- 
tion (Fig. 3 )  of the nerve supply. In  some 
places the hypolemmal axons of the nerve 
endings were completely absent (Fig. 3 )  and 
all that remained were clumps of sole plate 
nuclei. The structural expression of the 

dark, coarsely granular muscle fiber (Fig. 1 
and 4)  was determined by the presence of 
the attached and normally functioning mus- 
cle with its innervation. The nerve endings 
became uniformly and deeply impregnated 
with gold and fusiform in shape (Fig. 2 )  
between the 10th and 20th days following 
tenotomy in the rat. These fusiform nerve 
endings were moulded by the progressive 
shrinkage of the muscle fiber due to loss of 
muscle substance. 

On the 15th day (Fig. 2 )  of disuse atrophy 
following tenotomy, there could ,be seen mani- 
festations of various stages in the discharge 
of giant fusiform neurosomes from the ob- 
long and spindle-shaped nerve endings which 
were hyperchrysophilous. From the 3rd to 
the 15th day following tenotomy, in certain 
places in the muscle, a progressive increase 
in the number of the giant neurosomes was 
found. From the 15th to the 30th day fol- 
lowing tenotomy, there was a progressive 
decrease in the number of these giant neuro- 
somes. The discharged giant neurosomes 
were irregularly scattered in the myoplasm. 
Some of these giant fusiform neurosomes 
were uniformly and deeply impregnated with 
gold. Some were light in the center and 
dark at  the tapering ends. Others were light 
a t  the ends and dark in the center. Still 
others were very faintly impregnated with 
gold, and their contained granules were ar- 
ranged in cross striations undergoing pro- 
gressive alignment with the cross striations 
of the muscle fiber.' 

These fusiform neur&6Jhes varied from 
10 to 275 p in length a n g f r o m  4 to 60 p 
through the widest transverse diameter. In 
some places there were small oblong and 
fusiform neurosomes similar, in morphology 
and staining reaction to gold, to those ob- 
served during the early stages after nerve 
section in denervated muscle.9 The large 
fusiform neurosomes produced a streamlining 
effect (Fig. 5 and 6) on the cross striations 
of muscle during the process of migration 
from the nerve ending and dispersion in the 
myoplasm of the muscle fiber. Some of these 
neurosomes in transverse sections were im- 
mediately under the sarcolemma whereas oth- 



FIG. 4 To 7. 
Pliotoinicrogr:ipIis. Cross sections, normal, coarsely and finely granular  muscle fibers X 400, 

Fig. 4; giant  fusiforin iieurosoines in  teased wholc g:istrocnemius muscle fibers X 600, Fig. 3 
: i i i ( l  (i ; and cross sections of fiber containing g ian t  fusiform neurosomes, gastrocnemius muscle. 
wliitv ra t ,  x 600, Fig. 7.  Gtolcl 

(2 1 I  1 or i d c t cc h n i c . T,c-gend:  no^ nerve endings;  G S S ,  giant  fusiform neurosomcs. 
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ers occupied the center (Fig. 7 )  of the nius- 
cle fibers. During disuse atrophy there was 
a progressive loss of the normal dark muscle 
fi.ber and of the normal coarse granules (Fig. 
7 )  of the neurosomes. The granules were 
either very fine and dispersed, or aggreyated 
into the giant fusiform neurosomes. I n  cross 
sections (Fig. 7 )  the giant neurosomes were 
either uniformly impregnated deeply with 
gold, or they had a light center or a rini o f  
granules faintly reacting to gold. 

'The gastrocnemius muscle lost 30 to 507; 
of its weight, compared to the normal coii- 
trol. between 2 1  to 30 days after the tenoto- 
my. There were individual variations i n  
the rate of atrophy and in the morphologic 
changes of the neuroniuscular apparatuz and 
fibers of the gastrocnemius muscles. T h e w  
variations were found not only in niiiscles 
from different animals examined after the 
same time interval following tenotomy. but 
alsa in different fibers in the same muscle. 
I t  was necessary;. therefore. to surve!. great 
ntmbers of muscle fibers to detect the sta- 
tistical trend of the morphologic changes. 

The reestablishment of partial muscle 
stretch in some fibers of the muscle by re- 
generative attachment of the tendon to the 
subcutaneous tissue was a variable to be 
taken into consideration in evaluating the re- 
sults. In some of the rats in our series the 
tendon of the muscle was freshly cut a t  7-dax 
intervals to eliminate the effects of partial 
reesta,blishment of stretch ,by union of 
tendon to  subcutaneous tissue. The  loss of 
normal muscle stretch determined the dis- 
charge of giant neurosomes. This was indi- 
cated by the total absence of the giant 
neurosomes in the series of 30 living muscles 
experimentally restretched in situ before ex- 
cision and gold impregnation. Two muscles 

causes and nature of muscular atrophy are 
numerous but none is conclusive." This con- 
clusion is held likewise by Carlson and John- 
son." 'The parts of the living body increase 
and decrease in size in proportion to the 
functional demand or use, but the essential 
underlying cause of these changes has re- 
mained an elusive one. 

'The hyperexcitability manifested by fibril- 
lations may be prevented by quinidine. but 
Solandt and Jla,nladeryI2 observed that the 
denervated muscle continues to shrink in size. 
The  slow, incoordinate activity of fibrillation, 
therefore. appears not to be the cause of the 
muscular atrophy. I t  has been demonstrated 
hy Gutmann and Gutmann,':' Hines,'" Ec- 
c1es.l.; and Solandt."; that the volume of de- 
nervated muscle may be fairly well main- 
tained for a certain period by appropriate 
electrical exercises. Evidently, periodic op- 
timum tension of traction and contraction 
(work) of muscles anchored to their attach- 
ments is necessary for muscle maintenarce 
during health. Suggestive evidence was dem- 
onstrated previously that an optimum peri- 
odic tension of differential growth is neces- 
sary for the genesis of #both smooth and 
skeletal musc1e.l' Evidence was also dem- 
onstrated that anatomic and experimental 
dampers to the lateral expansion of the 
stretched muscle fibers produces a replace- 
ment of muscle by fibrous tissue.'' 

The normal 'tension, or stretch, and work 
of  the intact muscle attached to origin and 

11 Carlson, A. J., and Johnson, V., The ilfachinery 
r)f lhc  Hod?/, 'CTiliwrsitjr of Chic;tgo Press: Cliic:igo, 
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physiology of use, increased use by exercise, 
and disuse, resulting, respectively, in muscle 
maintenance of health, hypertrophy, and AYClL .  N f U r O l .  PsYlcltiat., 1943, 49, 802. 

IIinos, 11. If., Tllon1son, J. I).; and Lazcre, B., 
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17 Carey, E. J., J .  Gen. Physiol.,  1920, 2, 357; 
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atrophy of  disuse and disease, is unknown. 
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insertion, appear to be necessary for the nor- 
mal rate of discharge of granules from the 
motor end plates. This secretory process 
from the nerve endings may be slowed down 
by disuse of the innervated gastrocnemius 
muscle following tenotomy. By tenotomy, 
the normal stretch or tension of the muscle 
is destroyed. The lax muscle fibers released 
from one attachment are analogous to the 
broken strings of a violin. The detached 
strings are incapable of normal vibratory 
response because of loss of tone or tune. The 
rate of discharge of neurogenic ‘substance in- 
to the muscle appears to depend upon the 
reciprocal interaction between nerve and 
muscle. The normal mechanical tension of 
the attached muscle fibers appears to deter- 
mine the normal periodical flow of neuro- 
genic substances into the muscle. The nor- 
mally attached muscle fiber appears to act 
like an alternate pressure and suction cham- 
ber upon the nerve ending. This nerve end- 
ing appears to be a biological jet valve or 
ejector of the neurogenic secretion. Under 
normal conditions the rate of discharge, dif- 
fusion, and disappearance of neurosomes is 
excessively rapid. The release of normal 
muscle stretch by tenotomy decreases the de- 
mand, and slows down the rate resulting in 
accumulation of the neurogenic discharae in- 
to the abnormally flaccid muscle fibers. 

Evidence now a t  hand supports the state- 
ment that the changes of fatty metamorpho- 
sis, Zenker’s hyaline degeneration, the patho- 
genesis of dystrophy and of poliomyelitic 
muscle, are closely related to the pathology 
of the neuromuscular apparatus and altera- 
tions in the secretion of neurosomes into 
muscle. In  the past, many of the fine 
physiologic neurosomes have been identified 
variously as the interstitial granules of 
Kolliker,19 the J and Q granules of Holm- 

1:) Kollikcr, A., %. f. 7Pi.ssmsch. Zool., Lripzig, 
18.5i, 8, 311. 

‘ 0  Holmgrcn, E., Ancct. AILZ. ,  1907, 31, 609;  
d)*cl i .  f. mikr .  Anat., 1907-08, 71, 163; Ib i t l . ,  1910, 
53: 240; Aiicit. Anz., 1913, 44, 225; Xevmxe,  1913, 

“1 Albrecht, E., V e r l m d l .  (7. t7eutsci1, pa th .  
34-15, 277. 

Gcscllsch., 1903, 6, 63. 

grenZo and the liposomes of AlbrechP and 
Bell .22 

Evidence1-? had been accumulated and pre- 
sented that the full fractional contraction, 
the relative relaxation, and the onset of con- 
traction of functional activity, all were cor- 
related with the types of nerve endings and 
muscle fibers. The dark, granular muscle 
fibers were proportionately increased in num- 
ber by magnesium sulphate9 and by agents 
that inhibited cholinesterase in its hydrolytic 
action on acetylcholine, such as thiamin 
chloride, atropine, curare, prostigmine, and 
ergotmine.23 In  high concentrations (0.25 
to 0.5%) these chemicals injected into the 
living muscle increase proportionately by 2 5 
to 50% the number of the dark granular 
muscle fibers.23 On this incomplete evidence 
it is assumed that some of the granules in 
the dark muscle fibers are composed, a t  least 
in part, of acetylcholine. 

The evidence presented in this paper sup- 
ports the principle of the Double Dependence 
of nerve and muscle proposed by Younglo 
H e  stated that muscle receives its stimula- 
tion from nerve and exercises constraint 
against other muscles or outside forces. Mus- 
cle will atrophy if given too little direction 
from above, as after total denervation or 
isolation of lower from upper neurones; it 
will also atrophy if it is left relaxed by 
tenotomy and, therefore, cannot contract 
against resistance. We have observed, also, 
that disuse of the relaxed and attached gas- 
trocnemius muscle, in the rat, by fixation 
of the whole limb in a cast produces changes 
in the neuromuscular apparatus similar to the 
effects of t e n ~ t o m y . ~ ~  

Summary. The limited experimental evi- 
dence presented in this paper tends to sup- 
port the following statements: 

The normally used and innervated gas- 
trocnemius muscle of the white rat is char- 
acterized histologically by dark, coarsely 
granular and light, finely granular and 

22 Bell, El. T., Airat. Rcc., 1910, 4, 199 ; 1) l ternnt .  
.Monatschr. f. A t i d .  I ( .  Ph?ysiol., 1911, 28: 297; 
J. Path. cl?ttl R(tct., 1912-13, 17, 247. 

-33 Carey, E. J., unpublished observatious. 
-3-1 Carey, E. J., unpul>lislicd observations. 
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agranular muscle fibers. The nerve ending? 
are usually retracted in the dark. coarsely 
granular fiber and expanded in the light. 
agranular fiber, as revealed by gold impreg- 
nation of teased whole muscle fibers. The 
atrophy of disuse following tenotomy of the 
gastrocnemius muscle with nerve supply in-  
tact, is accompanied, during the first month. 
by the progressive loss of the narrow and 
dark, coarsely granular muscle fiber. and b!. 
a depletion of its innervation. The dark. 
granular muscle fiber is determined by the 
reciprocal interaction of the normally intact 
and attached muscle fiber with its normall!. 
functioning innervation. During the proce3s 
of atrophy of disuse after tenotomy. small 
and giant fusiforrr neurosonies are discharged 
from the altered nerve endings. I t  is as- 
sumed that these giant fusiiorm neurosomez 

are the product of a retardation ill the rate 
Oi the discharge. diffusion, and disappearance 
I)!- hydrolysis, following tenotomy and disuse 
atrophy of the innervated gastrocnemius 
muscle. There appears to be a parallelism 
hetween the atrophy by disuse of tenotomized 
niuscle and the loss of the normal discharge 
oi neurosomes from the altered and progres- 
sively depleted innervation of the muscle. 
One factor in the atrophy of disuse of muscle 
appeared. therefore, to .be the substantial 
loss of the discharge of neurosomes into !nus- 
cle as well as the quantitative decrease of 
the IiiFoplasm. The giant fusiform neuro- 
wines that appear during the early period 
following tenotomy disappear when the liv- 
ing muscle in situ is adequately restretched 
prior to excision and gold impregnation. 

Ornithosis in Sea-Shore Birds.“ 

MORRIS POSLARD. (Introduced by Ludwik -4nigstein.j 
F Y O ~  t h e  Cviz‘crsily of T c m s ,  Calccstmi ,  Texas. 

. .  P. ke infections have been re- 
portc a lr ge variety of wild and domes- 
ticatf nird.5 including parrots, finches, 
pigec chickens and turkeys.] Because of 
the w, 2 prevalence of psittacosis-like infec- 
tion ammg many species of wild and domes- 
ticated birds, Meyer proposed that the more 
general term “ornithosis” ,be employed in 
referring to nonpsittacine infections. It has 
not yet been found in partridges, quail or 
wild ducks.2 Among the sea birds, the Ful- 

* Sinccrc appreciation is cxprcssed t o  Drs. R. W. 
Strancltniann and C. U. Dernehl for  their assistance 
in the capture and identification of the birds usctl 
in this  study. 
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mar petrel has been incriminated as the 
source of an  epidemic of psittacosis in human 
inhabitants of the Faroe Islands2 Jlany of 
the avian species in which this disease is 
present ordinarily do not manifest clinical 
symptoms of the disease but carry the virus 
in “silent” fashion. This dormant infection 
of birds appears to be provoked to activity 
by conditions associated with crowding. mal- 
nourishment, or other effects of commercial 
aviary mismanagement. The disease might 
also be regarded as a natural population con- 
trolling factor, remaining inapparent until 
overpopulation and undernourishment permit 
the infection to become activated and ag- 
gravated in virulence. 

Psittacosis (ornithosis) is an important 
public health problem; so it is important that 
the natural or potential reservoirs of the dis- 
ease be known. A study of the incidence of 
ornithotic infections among sea shore birds- 


