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INTRODUCTION 

Lesions of nervous tissue have been reported in experimental 

vitamin A deficiencies. The object of this experiment was to demon-

strate these lesions by physiological and histological methods. 

Nervous tissue lesions caused by vitamin A deficiencies \vere 

first reported in 1916 by McCollum. It was found that swine kept on· 

wheat meal rations developed a paralysis which could be prevented by 

adding alfalfa meal to the diet. In 1926 Mellanby demonstrated nerv-

ous tissue lesions in puppies fed c~real rations and in 1931 pro-

duced the same lesions in young rabbits made deficient in vitamin A. 

In this latter experiment Mellanby.thought that the lesions were 

partially caused by a vitamin A deficiency. It is interesting to 

note that at this time.the nervous tissue degeneration was thought 

to be caused by toxic substances in the diets fed to the experimental 

animals. In these experiments vitamin A was recognized as the pro-

tecting factor. Vitamin A was considered to prevent degenerative 

changes and improve the clinical conditions of affected animals. 

In 1933 Zimmerman reported pathologic cha.nges of nervous 

tissue in vitamin A deficient rats. He observed myelin sheath de-... 
generation of the brachial .plexus, sciatic netve, and less frequently, 
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the vagus nerve. Degeneration of the medullary sheaths of the sensory 

tracts on the periphery of the spinal cord and {n the posterior columns 

were noted. Posterior nerve roots and in some instances anterior nerve 

roots degenerated. These signs were not present for any appreciable 

period preceeding the onset of muscular weakness and incoordination. 

Two papers appeared in 1941, the first by Mellanby and the 

second by Wolbach and Bessey. Mellanby's paper described a vitamin 

A deficiency in young dogs. He found a boriy over-growth in the cranial 

bones (posterior fossa), the vertebrae and the femurs. The pressures 

exerted by the overgrowths were sufficient to cause degener~tive 

changes in the brain and spinal cord. Mellanby stated that one of 

the functions of vitamin A was to regulate the structure of growing 

bone through its influence .. on the quantity and degree of activity of 

the osteoblasts and osteoclasts. In the young dog an absence.of vita-

min A produces an increased osteoblastic and-osteoclastic activity. 

This resulted in the proliferation of cancellous at _the expense of 

compact bone and caused many bones to loose their normally fine molding 

and outline and become thickened and enlarged. 

The paper by Wolbach. and Bessey reported that an over-crowding 

of the cranial cavity and spinal canal occurred in rats fed a vitamin 

A deficient diet. The n.ervous lesions reported here v1ere caused by 

mechanical compression resu.lting from a thickening of the bones of ... 
the posterior fossa at the same time the brain stem and cerebellum 

were growing normally. It was found that epithelial changes occurring 

in these animals were unrelated to nervous tissue degeneration. Another 

f 



3 

observation presented in this paper was that nervous tissue lesions 

could only be. produced in animals fed a vitamin A deficient diet at 

·the time of weaning. This was necessary because the bones of the 

cranium and.vertebral column are still growing B:t. approximately 

twenty-one days of age (Wolbach and Bessey, 1941). Vitamin A de-

ficiency will not affect bones whereas epithelial changes can be 

seen in an adult animal. 

Wolbach and Bessey reported that signs of nerve lesions 

·appeared between six and nine weeks of age. The anim~ls' weight 

gains were slow. and then decr.eased. It .was important that .the ani-

mals became deficient in vitamin A before or at the time of rapid 

bone growth. If this did not pccur and. the animals passed the period 

of rapid bone growth without becoming severely deficient in vitamin 

A, the animals showed signs of epithelial tissue changes· but no nerve 

damage. The first sign which was noted was incoordination of thehind 

limbs with unsteady and uneven gait and an occasional over abduction 

. or adduction of the hind limbs. If the onset.of symptoms of nervous 

lesions appeared beyond the tenth week of life and the rat weighs 

over one hundred grams, the disorder did not progress beyond. ataxia 

and incoordination. With an earlier onset, however, the disorder 

progressed to complete paralysis or inability to.use the h~nd limbs. 

Rats which grew to weigh over 125 gm, regardless of age, rarely ... 
showed paralysis, although_ all the other signs of vitamin A defi-

ciency developed. It was important to note that the onset of symptoms 

and the development of nerve lesions were rapid and had to ·be estab-

lished b~fore the rats cease to gain weight. 
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In·l944 Mellanby presented a summary of the information he 

had gathered on vitamin A deficiency from his experiments of the 

1930's and early 1940's. Mellanby worked with puppies; but the bone 

growth c~anges he noticed have also been ~een in rats (Wolbach, 1947). 

Mellanby's work has shown a definit~ change in osteoclastic activity 

relative-·to normal bone growth or absorption of bone. The bones of 

the vertebral column were seen to lose the.ir· delicate appearance 

and become coarse in oi..1tline. The overall size of the vert.ebrae 

was approximately the same as in animals receiving vitamin A, bu.t 

·the constituent parts of vertebrae taken from the deficient animals 

are thicker. This thickening reduces the diameter· of the spinal 

canal and encroaches on the spinal cord. 

A similar situation is seen in the cranial bones. Mellanby 

;reported evidence that bones which normally grow more vigorously 

during the experimental period show the griatest thickening. In 

puppies the bones of the posterior fossa have been seen to exhibit 

more rapid growth during.the experimental period than.other bones of 

the skull. The contents of the posterior fossa, the brain stem and 

cerebellum, also exhibit more growth relative to the re.st of the brain . 

. It follows that if the bones of the posterior fossa thickened at the 

same time the brain stem was undergoing increased growth, damage to 

tJJ.ese. nervous s true tures \-las quite possible.~ Wolbach and Bessey 

(1941) have reported an overcrowding of the cr~nial cavity, resulting 

in distortion of the brain, with dislocation and herniation of the 

cerebellum through the foramen magnum. 
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Wolbach and Bessey (1941) have reported that the vertebrae 

have thickened sufficiently to. cause a narrowing of the interverte-

bral foramina and spinal canal in vitamin A deficiency. This re-

sulted in excessive herniation of the dorsal and ventral nerve roots 

into the intervertebral foramina. Resulting paralysis can be attri-

buted to ,damage of the nervous tissue at this point. Damage to nerve 
J 

roots is most prevalent in the lower lumbar and upper sacral verte-

brae.· 

Histological preparations have been used hy Wolbach· and 

Bessey (1941) and Mellanby (1941) to demonstrate degenerating nerv-

ous tissue in vitamin A deficiency. If a peripheral nerve has been 

damaged by a bone lesion the myelin sheaths of this nerve will show 

degeneration. 

~ Histological changes (keratini~ation) of the epithelium 

of the testis, lung, and trachae also characterize vitamin A deficiency 

quite well. Wolbach (1937) has shown that a deficiency of vitamin A 

( 

in the diets of rats and guinea pigs results in a keratinized meta-

pla~ia of most of the epithelia of the body. A stratified keratinized 

epithelium arises from the focal proliferation of the basal cells. 

Damaged central nervous system and peripheral nerves show demyelini-

zation when studied by the Harchi technique (Swank and Davenport, 

1935). Any peripheral nerve lesions should cause muscle fiber atrophy . .. 
This atrophy may also be evident in histological preparations. 



MATERIALS AND :METHODS 

A vitamin A deficient diet was fed to two groups of animals 

(series I and II). Control.rats were maintained with both groups. 

All ~nimals were v.Teanling male Sprague-Dawley rats. · The vitamin A 

deficiency was produced in nine animals of series I and thirteen 

in series II. A diet modified from that used by Wolbach and Bessey 

(1941) was used in this experiment .. Table I shows the components of 

the diet. Table II shows the vitamins added to the diet. 

TABLE I 

·COMPONENTS OF THE VITAMIN A DEFICIENT DIET~: 

Components Per Cent by Weight 

Vitamin Free Test Casein 18 · 

Sugar 65 

Corn Oil (Wesson) 5 

** Salt Mix Hubbell, Mendel and Wakeman 4 

Yeast (Brewer's) 8 

*Modified from Wolbach and Bessey, 1941. Corn oil 
~- and H.M.W. Salt Mix were substi~uted for peanut. oil and 

Osborn and Mendel Salt Mix resp~ctively. 

**salt Mix H.M.W. 1937. 

6 



TABLE II 

VITAMINS ADDED TO THE DIET* 

Vitamins 

A** Vitamin 

Vitamin C 

Vitamin D 

Riboflavin 

Amounts 

4 micrograms/rat/day 

4 micrograms/rat/day 

3 USP units/gm food 

1 mg/day 

40 micrograms/day 

*The total per centage of each vitamin re
mained the same each time the diet was prepared. 
The amount of diet prepared was determined on a 
.consumption bas is (number of rats being fed for 
60 days). The rats received the required amount 
of each·vitamin per day. Farris and Griffith, 
1949.· 

**Added to control diet. 

***In addition to the 1 rng in the diet per day, 
three control and three experimental animals from 
series II received an additional 1 mg of vitamin 
E/day. 

7 

Three experimental and three control animals from series II 

received a supplement of 1 mg of vitamin E per day added to the diet, 

in addition to the regular amount of vitamin E already in the diet .. 

. The control animals received the same diet but with vitamin A added . 
... 
All animals were pair fed and weights were recorded every other day 

for the duration of the experiment (Figures 29 a·nd 30). 
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At intervals during the experiment an experimental animal 

and its respective control were tested with an electromyograph 

(TECA Model B-2 Single Channel Electromyograph). The medial and 

lateral gastrocnemius, the first dorsal interosseus of the foot 

and the tibialis anterior muscles on the left side were examined. 

A concentric monopolar needle electro~e was used as a recording 

·electrode. The setting~ on the TECA EMG were 200 uv/cm amplitude 

and a sweep speed of 20 msec per major division. 

When an experimental animal began to eat less and lose : 

weight, it and its pair fed control were tested for nerve conduction 

velocity. The animal was given an intraperiton~al injection of ~odium 

pentobarbital (Nembutal). The dosage varied. depending upon the physi-

cal condition of the animal. The sciatic nerve with the posterior 

tibial branch was removed and placed in a nerve conduction chamber on 

platinum-iridium electrodes five rnm apart. Nerve placement was 

standardized by placing the point at which the posterior tibial 

branch joins the sciatic nerve between recording electrodes one 

and two. The apparatus was similar to that described by Cragg and 

Thomas (1964). In order to maintain the nerv~ preparation at near, 

physiological temperature the chamber was immersed in a \vater bath 

. 0 
at 37 C. The proximal end of the nerve was stimulated with a rec-

tangular stimulating pulse of 0.05 msec duration. Stimulus voltage 
... 
was adjusted to cause a maximum· action potential on the _oscillo-

scope screen. Nerve conduction velocities for series II animals 

were taken with a TECA Model B-2 EMG. The EMG and chamber were· 
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standardized for measuring conduction ·velocities by reversing a 

normal nerve and recording the conduction velocities (Fig. lC). 

The effects· of different amplitudes on the conduction velocity 

measurements were also tested (Fig. lD). The setting on the EMG 

was 5000 gv/cm amplitude and 2 msec per major division sweep speed. 

Measurements were taken along the nerve at three cathode follower 

inputs. The conduction velocities were then computed for the respec-

tive times and distances. 

Conduction velocities were measured for th~ inflection point 

and peak of the action potential. The inflection point (Fig. lB) is 

that point on the trace at which a deviation of the predicted oscillo-

scopic pattern occurs (the shock artifact) (Fig. lA). The shock 

artifact was measured with a dead nerve preparation. The latency in 

milliseconds is recorded at this point. On the TECA EMG latencies 

were measured from Polaroid photographs of the traces. 

After the nerve was removed and tested each animal from 

series I was killed with a lethal dose of Nembutal (50 mg/kg of 

body weight). Th~ other sciatic nerve was removed and fixed in 

Muller's solution (1 part 10 per cent neutral buffered formalin 

and 10 parts 2.5 per cent potassium bichromate) for one week. The 

nerves were then treated by the Marchi techriique as desciibed by 

Swank and Davenport (1934). Each animal was autopsied and samples ... 
of lung, trachea, testes, epididymis and medial and lateral gastro-

cnemius muscles from the right side were fixed in 10 per cent neutral 
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Figure lA .. Oscilloscope traces of shock artifacts of a 

dead nerve at electrodes 1.5 em, 2.5 em, 3.5 em, 

and 4.5 em from the stimulatin.g cathode. Polaroid 

200 Larid Camera. 

Figure lB. Oscilloscope traces of nerve conductions. 

Note the time marker at the bottom of Figure lB. 

The time between any two adjacent peaks ~n the 

time marker corresponds to 0.5 msec. Note the 

decl~ning spike amplitude and increasing latency 

with the distance of the recording electrode from 

the stimulating cathode. 

Figure lC. Oscilloscope traces of nerve conduction of a 

reversed nerve. 

Figur~ lD. Oscilloscope traces of different amplitudes. 

"· The top trace is set at 5000 J..lV/c~ amplitude. The 

bottom trace is set at 1000 J..lV/cm amplitude. 
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c D 

.. 
Figure 1 



12 

buffered formalin. These tissues were later embedded in paraffin, 

sectioned at 10 micra and stained with Mayer's hematoxylin and 

eosin Y. 

The vertebral column of each animal from series I was 

then x-rayed with a Picker X-Ray Unit at a setting of 6 rna and'30 

kv for 6 minutes. The distance between the specimen and the x-ray 

tube was 13 in~hes. The x-rays were taketi in both the·posterior-

anterior (p-a) and lateral positions. Measurements of the lumbar 

and sacral intervertebral foramina were taken from the x-rays of 

the uninjected specimens. The cisterna magna in each animal wa.s 

then injected with a contrast medium (Lipiodol). Myelograms were 

then taken of the p-a and lateral positions. 

Four other male animals of the same age were fed the control 

diet ad libitum from the beginning of the experiment. Three controls 

and three experimentals receiving the vitamin E supplement and the 

four ad libitum animals were tes~ed in t;he same manner as those from 

series I and remaining series II animals. Muscle and testis speci-

mens were prepared for histological examination from 'all the series 

II animals plus the 10 animals mentioned above. 

Previous to the experiments of series I and II, twenty-four 

weanling male Sprague-Dawley rats had beenmaintained on vitamin A 

deficient diets. These animals were used for developing operating 

techniques and histological studies of the sciatic nerve. 



RESULTS 

General observations --The experimenta11 animals from series 

I showed signs of physical debility beginning on the fifty-fifth 

day of· the experiment. ·'The ·animals were continued on the diet until 

it was obvious that they would die shortly (approximately one day). 

This time averaged six to eight days after the onset of symptoms. 

The signs that all experimental animals developed were: xeropnthal

mia, sniffling, "watery discharge from the nose, grating sound in the 

lungs and a shaggy coat. As soon as the experimental animals in 

Series II showed any indication of debility their nerves were re

moved and tested. 

The \veights of. the experimental animals from both series I 

and series II increased normally until the fifty-fifth day of the 

experime~t (see Figures 29 and 30). Beyond this time a few of the 

animals began losing.weight at a rate of 1 to 2.5 gm/day. During 

this period of weight loss the experimental animals began-to eat 

·less. The control animals from both series continued to gain weight 

at a normal rate ·and maintained their ~ppetites . 

... 
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Nerve conduction velocities--Latencies for conduction velo

cities were measured from electrodes 2, 4,-and 6 at a distance of 

1.5 em, 2.5 em and 3.-5 em from the stimulating cathode respectively. 

Electrode 6 was the most distant electrode used because the experi

mental nerves were consistently shcrter than the control nerves. 

Any readings beyond this point were not considered. All of the 36 

nerves tested for conduction velocity (20 from 10 control animals 

and 16 from 9 experimental animals) showed a consistent decrease 

of inflection velocity with distance down the nerve (Fi~. 2). The 

·inflection velocities· of the experimentals were more rapid than the 

controls at the proximal end and middle of the nerve.· At the distal 

end of the nerve a reversal had occurred. The conduction velocities 

·of the inflection points from this experiment were not accepted as 

significant because of the unexplainable pattern. 

Hus c le EMG- -Twenty-five an. ima ls ( 12 exp er imen ta ls and 13 

controls) were .tested for neuropathic patterns with the EMG. 

Spontaneous activity, fibrillations and fasciculations, were absent 

in all the tested rats. Normal motor unit activity was recorded 

from all animals in response to pinching of the foot.. "Giant" 

potentials could not be elicited by pinching. It seemed that no 

essential difference was observed electromyographically between 

~ontrols and experimentals. 

X-rays and myelograms--The measurements of the interverte

bral foramina from the x-rays of the uninjected specimens (Fig. 3). 

shmved no appreciable difference· between the control and experimental 

animals. Three of the myelograms showed filling of the subarachnoid 
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Figure 2. Graph of the infiection and peak conduction 

... 

velocities of the series II experimental and con

trol animals. Note the reverse of the conduction 

velocities occurring at the distal electrode~ Note 

also that there is no significant difference in the 

peak velocities . 
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Figure 3. X-ray, slightly oblique, of ·the intervertebral 

... 

foramina of the lumbar region. SX. Picker X-Ray 

Unit . 
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Figure 3 
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space around the nerve roots in-the cervical region. This was· seen 

in the posterior~anterior (p-a) view. None of the myelograms showed 

filling around the nerve roots in the sacral region but the interverte

bral foramina could be seen quite well (Fig. l~). · Seven of the p-a . 

myelograms shmved filling around the cauda equina in the lumbar region 

while 11 myelograms demonstrated filling in the area of the cauda 

equina in the lateral views (Fig. 5). Figure !+ also shows the- inter

vertebral foramina in the sacral region quite well. 

Histology of ~ciatic nerves--Of the nine Marchi ~tained con

trol nerves only scattered fibers showed any evidence of.myelin break

down (Fig. 6). Eight of the sciatic nerves from the experimental 

animals appeared the same as the. controls. One experimental nerve 

showed extensive demyelinization (Fig. 7). In this one nerve much 

of the demyelinization can be seen to extend the length of 1-2 inter

nodal spaces. 

Histology of testis and epididyi!lis--The teste.s of eight 

experimental animals \vere consistently smaller. than those from the 

control animals. The nine control animals showed n~rmal testes (Fig. 

8) ~ The same tissue from eight of the nine experimentals showed 

.abnormalities (Fig. 9). Meiotic divisions were practically absent 

in the abnormal testis. Spermatogonia and very few primary sperma

tocytes were seen. Any other evidence of meiotic activity was ab

sent. The lumen of the tubules contained a network of fibers which 

appeared to be processes of the sustentacular cells, since sperm were 

absent. The basal layer of the tubules was inta6t in both experimental 
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Figure 4. Myelogram (P-A view) of sacral area. Note 

... 

that there is no filling of the subarachnoid space 

by the Lipiodol. Note also the good visualization 

of the foramina of the sacral vertebrae one and two. 

7X. Picker X-Ray Unit . 

/ 
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Figure 4 
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Figure 5. Myelogram, lateral view, of lumbar area of 

... 

albino rat. Specimen injected with lipiodol. Note 

filling of the subarachnoid space of the cauda 

equina by the lipiodol. 5X. Picker X-Ray Unit . 
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Figure 5 
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Figure 6. Rat sciatic nerve from control animal. Note 

the scattere.d areas of demyelinization. 500X. 

Nerve was fixed in MUller's solution and stained 

with osmium tetroxide. 

Figure 7. Rat sciatic nerve from experimental animal. 

... 

Note the extensive areas of demyelinization. 500X. 

Nerve was fixed in Muller's solution and stci·iried · 

with osmium tetroxide . 
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Figure 6 

.. 

Figure 7 
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Figure ·a. Rat· testis from control animal. lOOX. 

Figure 9. Rat testis from experimental animal ... Com-

pare with Figure 8. Note the lack of sperm in 

the tubules and the loss of the germinal epithel

ium in the experimental testis. Note also that 

the tubules are smaller in the experimental testis 

than in the control testis. lOOX. 
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Figure 8 

~ -

Figure 9 
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and control animals (Figs. 10 and 11). 

The epididymides from all the control animals appeared nor

mal (Fig. 12). The most striking feature in the abnormal epididy

mides was the apparent thickening of the connective tissue surround

ing the tubules (Fig. 13). When one compares Figures 12 and_ 13, it 

is seen that the tubules were smaller in the .experimental anim~l 

than in the control. It would seem then that the connective. tissue 

was not thickened but \vas more condensed. When the contents of the 

lumens of the experimental (abnormal) and control epididymides were 

compared, it could be· seen that sperm were absent in the experimental 

specimens while those of the contr~ol were ful;L of sperm. In series 

II the ten experimental animals showed atrophy of the testes as seen 

with the series I experimental animals. The three experimental 

animals which had received the vitamin E suppl~ment also showed 

testicular atrophy when examined grossly and degeneration of ger

minal epithelium when examined histologically. All control. animals 

plus the three control animals receiving_ the vi.tamin ·E supplement 

showed normal testes. 

Histology of the trachei--The tracheas from nine centro~ 

·animals appeared normal (Fig. 14) _ .. , .. Eight tracheas from experimental 

animals showed areas of epi,~helial thickening and keratinization 

~Fig. 15). The thickened areas appeared to be composed .of keratinized 

stratified squamous epithelium (Figs. 16 _and 17): 

Histology of the lu~--Lung itssue from the control animals 

appeared normal (Fig. 18). The experimental animals developed a 
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Figure 10. Rat testis from control animal. Note 

that the basal layer is normal. SOOX. 

Figure 11. Rat testis from experimental animal. 

... 

Compare with figure 10. Note that the basal 

layer is normal. Note also the thin fibrous 

processes in the lumen of the tubule of the 

experimental. SOOX . 
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Figure 10 

.. 

Figure 11 



31 

Figu:ce 12. Rat epididymis from control animal. lOOX. 

_ ~i.gure 13. Rat epididymis from an experimental animal. 

Compare with Figure 12. Note the diameter of .the 

tubules in the experimental are smaller than the 

control. Note also the lack of ~~erm and the 

apparent condensation of connective tissue in the 

experimental. lOOX. 

r 
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Figure 12 

.. 

Figure 13 
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Figure lLr. Rat trachea from control animal. Note 

normal appearance of pseudostratified ciliated 

columnar epithelium. lOOX. 

Figure 15. Rat trachea from control animal. This 

... 

shows a portion of the epithelium in Figure 

17. 500X . 



Figure 14 

~-

Figure lS 
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Figure 16. Rat trachea from experimental animal. 

This sb;pws a portion of the epithelium in 

Figure 15. 500X. 

Figure 17 . Rat trachea from experimental animals. 

... 

. Note ~he ker~tinized strati~ied squamous 

transform~tion of the epithelium. lOOX . 
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Figure 16 

.. 

Figure 17 
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Figure 18. Rat lung from control animal. lOOX. 

Fi~ure 19. Rat lung from experimental animal. 

Note the large mass of cellular infil-

·tration to the left ~f the center of the 

picture. lOOX. 
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Figure 18 

Figure 19 



39 

pulmonary infection. Samples from all the experimental animals 

showed extensive.areas of dense cellular infiltration (Fig. 19). 

These masses appeared to contain basophilic nuclei which resemble~ 

lymphocytes. Any alveolar structure in the areas of-.Athese masses 

is-completely obscured. There was no keratinization of.the alveo

lar epithelium noted in any of the experimental lungs. 

Histolo~-~muscl~--I originally intended .to observe 

samples of the gastrocnemius muscles of the control,and experimental 

animals of series I for muscle fiber atrophy as an indication of 

nerve damage. .Huscle samples from all the control animals \vere nor

mal in cross sections (Fig. 20). The samples of muscle tissue from 

six of the nine experimental animals demonstrated definite abnor

malities. 

Five of the six abnormal muscles showed an absence of cross 

striations and myofibrils in longitudinal sections (Fig. 21). Longi

tudinal sections also showed large ve~icular nuclei. lying centrally 

and peripherally in the fiber (Fig. 22). The vesicular nuclei were 

arranged in rows in many instances (Fig. 23). Cross sections of 

abnormal muscles revealed examples of centrally located nuclei in 

.a single fiber of a fascicle (Figs,, 2l~ arid 25), in two or more fibers 

of a single fascicle (Fig. 26) and in several fibers in ridjacent 

f..ascicles. The nuclei of the cells that show central location ap

pear to be oval and very darkly stained. In cross and longitudinal 

sections the sarcolemma of several musc.le fibers appeared to be dis·

rupted. In these muscle fibers polymorphonucleai leucocytes were seen 
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Figure 20. Rat gastrocnemius muscle from a control 

animal, cross section. lOOX. 

Figure 21. Rat gastrocnemius muscle from experi-

... 

mental animal in longitudinal section. Note' 

absence of cross striations and myofibrils and the 

large number of centrally-located nuclei. 500X . 
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Figure 20 

.. 

Figure 21 
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Figure 22. ·Rat gastrocnemius muscle·in longitudinal section, 

from experimental animal. Note the large vesicular 

nuclei lying centrally, and note also the fr~ctured 

appearance of ·several of the muscle fibers. SOOX. 

Figure 23. Rat gastrocnemius muscle in longi.t.udinal section 

~. 

from experimental animal. Note rowing- ·a:~ :ve:sicu·lar nu

clei in the small fiber below the center of the field. 

soox. 
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Figure 22 

~ . 

Figure 23 
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Figure 24. Rat gastrocnemius_ muscle in cross 

section from .experimental animal. Note 

centrally located nuclei in muscle fiber. 

50DX. 

:Figure · 25. Rat gastrocnemius muscle in cross 

section from experimental animal. Note 

centrally located nuclei in ~uscle fiber. 

500X . 

... 
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Figure 24 

Figure 25 
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Figure 26. Rat gastrocnemius muscle in cross section 

from experimental animal. Note local areas· of 

cellular infiltration in muscle fibers. 500X. 

Figure 27. Rat gastrocnemius muscle in cross section 

... 

from expetimental animal. Note sph~rical cells 

(demar-c::tted. by arrows) .inside the fiber, inter

preted a~ phagocytic cells inside the fiber. SOOX • 
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Figure 26 

Figure 27 
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in the center of the fiber. These cells appeared the same as those 

seen in the extracellular connective tissue and th~ir p~esence in 

the muscle fiber indicated the possibility of phagocytosis (Fig. 27). 

The muscle sections from 10 of the. experimental animal~ in · 

series II showed centrally located nuclei with large vesicular·nuclei 

o~curring singly and in rows. The areasJ of c~ntrally located nuclei 

and nuclear rowing were more scattered than the examples seen in 

series I. When the diet deficiency was of a shorter duration, the 

degree of change seen in. serfes II muscle was not as severe as that 

observed in series I. The vitamin A deficient··vitamin E supplemented 

animals also showed central nuclei and nuclear ·rmving. Both of these 

appeared very scattered. All control animals plus the three ·control 

vitamin E supplemented animals showed normal muscle in cross and 

longitudinal sections. 

In Figure 22 a fractured appearance was seen in several of. 

the muscle fibers. This was also seen in cross section (Fig. 28). 

This. was caused by the brittleness of the £ibers at this point. Thi~ 

type of muse le fiber degeneration has been des.cribed as hyali.ne de

generation . 

... 
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J 

Figure 28. Rat gastrocnemius muscle in cross section 

... 

from an experimental animal. Note thinning out 

and breaks of cytoplasm in two fi~ers indicating 

hyaline degeneration and phagocytosis. lOOX . 
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Figure 28 

.. 



DISCUSSION 

It was sta_J:ed in the literature that a vitamin A deficiency 

caused an abnormal growth of the honea of the posterior fossa of the 

skull and vertebral column. This growth will in turn produce lesions 

of the brain stem, spinal cord and nerve roots of peripheral nerves. 

From the results presented in this paper it was indicated that the 

experimental animals did become deficient in vitamin A. This was 

seen by the changes that took place in the epithelium.of the trachea 

and testes. Vitamin.E deficiency will also cause a degeneration of 

the germinal epithelium of the testis. In this experiment, testes 

from the three vitamin E supplemented vitamin A deficient animals 

also showed epitheliari breakdown. These animals received an adequate 

ration of vitamin E. This indica~~d that the germinal epithelium 

breakdo~TD. was not the result of a vitamin E deficiency. 
j 

There is a question of the severity_of the vitamin A de-
. . 

ficiency. The measurements taken from x-rays of the intervertebral 

foramina of the vertebral column sho-v1ed no appreciable difference. 

This indicated that there was no apparent ch~nge in the b6ny structure 

·of the vertebral column, and that the deficiency of vitamin A was not ... 
severe enough to cause a bony overgro~th or thi6kening. From Wol-

bach's description the chances of a vitamin A deficient animal 

51 
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weighing 125 gm or more developing a nervous lesion is slight. The 

duration of Wolbach's experiment, 65 days, and the duration of thi~ 

experiment, 60 to 75 days, closely parallelled each other. All the 

conditions of the two experiments seemed to be similar~ Wolbach 

did not report the amount of food fed· to his rats," the strain of 

rats or the rate of occurrence of bone abnormalities. These factors 

could account for the difference between the production of nerve 

lesions in Wolbach's experiment and the ab~ence of neuropathy in the 

animals of this experiment . 

. Figure 5 shows the graph of the inflection a~d peak conduction 

velocities for 20 control and 16 experiment~! n~rves. The rever~~l · 

noted at the distal electrode (3.5 em from stimulating cathode) does 

. not follow any consistent pattern and cannot be, explained by any 

physiological evidence to date. The peak conduction velocities show· 

no appreciable difference, This evidence indicated that a vitamin 

A deficiency had no effect on conducti~n velocity in this experim~nt. 

No evidence for a neuropathy was detected with EMG. This 

indicated that the v.itamin A deficiency pr-oduced in this experiment 

was not severe enough to cause a nerve lesion and supported the 

findings of the nerve conduction velo,cities. 

As only one of the nine experimental nerves showed demyeli_ni~ 

zation, this cannot be considered sig~ificant. The chance~ of an ... 
artifact causing this nerve to degenerate were possible but not 

likely, as care \vas taken in removing. the nerve. It was possible 

that connective tissue in the area of the intervertebral foramina 
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might have caused pressure on the nerve roots as they. exited from 

the vertebral column. This type of impingement of the nerve would 

not be seen in an x-ray or myelogram of the vertebral column. 

~o bone deformities were detected in this experiment. No 

evidence of peripheral neuropathy was seen by histological obs~rva-

tion, EMG studies, or nerve conduction velocities. These results 

confirmed Wolbach's and Mellanby's suggestion that hone abnormalities 

were nece.sse.ry before damage to the cerebellum, brain stem, spinal 

cord or peripheral nerves appeared. It was shown that the experi-

mental animals did become deficient in vitamin A, but the deficiency 

was not severe enough at the time of rapid bone growth. Apparently 

no change in osteoclastic and osteoblastic activity had occurred 

and no bone overgrowth had taken place. 

Changes· in the muse les of the series I experimental animals · 

indicated that myopathy had occurred. Structural changes and cen-

trally located nuclei are suggestive of muscular disorders. Rows 

of large vesicular nuclei indicate a regeneration reaction of the 

muscle. Evidence of phagocytosis and vesicular nuclei have been. 

associated with myopathies. 

Muscle samples from series II experimental animals show the 

same changes as samples from series I with two exceptions ... Hyopathy 

did not occur as frequently in series II. The second exception is 
... 
that, although nuclear rowing and large vesicular nuclei were present. 

no evidence of sarcolemma disruption or internal polymorphonuclear· 

leucocytes were seen. It would seem that some muscle was undergoing 
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regeneration after a slight degeneration, but it was less advanced 

than in series I. Centrally located nuclei indicated that some of 

the muscle fibers were abnormal. This is qu.ite possible because 

the series II animals were tested an.d killed"·when the first signs 

of debility were noted. Series I animals were kept on the diet 

' after this period. 

It has been reported that a vitamin A deficient diet will 

result in lesions in skeletal muscles which closely resemble those. 

following a vitamin E deficiency. Krakower and. Axtmeyer (1940) 

found that by supplementing vitamin A deficiency with vitamin E, 

muscle breakdm .. m could be prevented. They· felt that the reported 

muscle lesions in vitamin A deficient animals were caused by a con

comitant vitamin E def{ciency in the test diets. To develop muscle 

degeneration, a vitamin E deficiency must exist in the rat for a 

much longer period (15 to 18 months). It seemed likely that the 

muscle lesions were caused by vitamin A deficiency. A vitamin A 

deficient animal would not survive .for the duration of a simultane

ous vitamin E deficiency. The series I animals showed muscle break

down. We felt that in series II several animals should be ~iven a 

supplement of vitamin E while on the·vitamin A deficiency. As the 

results have shown, the .three vitamin A deficient-vitamin E supple-

..wented animals shmved definite signs of myopathy. ·This indicates 

therefore that a vitamin A deficiency does cause myopathy. Results· 

of this experiment and those of Krakower.and Axtmeyer did not coin

cide. A possible explanation for the discrepancy was the conditioh 

of the vitamin E used. It may have become oxidized thus losing its 

potency. 



SUMMARY 

Vitamin A deficiency was produced in .nine animals from 

series.! and thirteen animals from series II. Conduction velo

cities from 20 contrbl ~nd 16 experimental nerves showed no con

sistent pattern of slowing in the experimental nerves. These 

results cannot be explained. EHG studies of the control and · 

experimental animals from both groups showed no evidence of 

neuropathy. X-rays and myelograms of series I animals (experi

mental and control) showed no· narrowing of the intervertebral 

foramina of the experimental animals. One experimental nerve showed 

extensive demyelinization .but neither x-ray nor nerve conduction 

velocities revealed any evidence·of nerve damage. The histological 

preparations of testes and tracheas showed changes characteristic 

of a vitamin A deficiency. Histological preparations of the gastroc-

nemius muse le.s from both. experimental groups shov7ed the. pres~nce 

of myopathy. This indicated that the myopathy was the result of 

vitamin A deficiency and not of a simultaneous vitamin E d.~ficiency. 

These results contradict p~eviously published findings . 

... 
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Figure 29. Average body weights of. control (10) and of 

vitamin A deficient rats (9) of series I are 

graphically presented. 
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Figure 30. Average body weights of control (10) and 

of vitamin A deficient rats (9) of series II 

are graphically presented. 
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