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INTRODUCTION

That skeletal muscle may vary in color, not only from 

species to species but within the same animal, has long been known. (1 ) 
In 1865, Kuhne (2) examined extracts of blood-free muscle and observed 

that the extract fra» the pale muscle was colorless, that from the 

dark muscle was red. He examined the absorption spectra of the red 

extract, and of thin strips of red muscle, and concluded that the 

pigment was hemoglobin.

Later, Lankester (3) suggested that red pigmentation is found 

in muscles from which the most persistent and prolonged activity is 

required. A  general survey of the animal kingdom bears out this view;
l

in lower animals, nearly all the muscles (except the constantly acting 

heart which is always pigmented) are colorless, but in niarmuls all 

the auscles except a few are red. Ranvier (4) in 16?3, was the first 

to bring definite experimental evidence of the different behaviour 

of the two types of muscle. He showed that a higher rate of stim

ulation was necessary to produce a smooth continuous contraction with 

white muscle than with red. He inferred that the twitch movement was 

a slower process in the red muscle than in the white.

Grutsner (5) in hie studies on pigmented muscle concluded 

that every muscle contains two types of fibers, one of which ie fine 

and dark in color, the other larger in cross-section and bright in 

appearance. The darker color of the fibers he attributed to the
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numerous granules in the sarcoplasm, and he thought that these 

fibers corresponded with the red, slowly contracting fibers of the 

rabbit. He maintained that the fibers larger in cross-section and 

brighter in appearance were those of the rapid white muscle. Thus 

Grntzner inferred that the speed of contraction was related to the 

relative proportion of the two types of fibers.

Rollett and Knoll (6) did not agree with Grutzner, after 

their own investigations. They studied invertebrate muscle and 

concluded that its function is not always related to structure.

White fibers were occasionally located in a position where on theo

retical grounds red fibers should be located. It thus appears from 

the work of Rollett and Knoll that although in many cases slow, sus

tained contraction is found associated with myoglobin containing, 

slender granular fibers; yet these attributes do not always go to

gether. They found white muscles are granular as dark ones, and of 

similar cross-section. They showed further that muscles of the 

same color may present different speeds of contraction, while in some 

cases the red may contract more rapidly than the white.

Later experiments of Adducco, Rollett, Grutzner, and Paukul 

(7) on a variety of muscles demonstrated that in nearly all cases 

the white give a higher twitch than the red, but the red muscle con

tracts more in tetanus than does white and can maintain itself in 

that condition for a longer time.

The possible significance of muscle pigment was further
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investigated by Robinson (8) in 192lt, who was able to show that all 

the iron-containing derivatives of hemoglobin can function as 

catalysts of certain oxidation processes, quite apart from any role 

of oxygen carrier. Millikan (9) 1939, disputes Robinson's theory 

in that he found no evidence of muscle hemoglobin acting catalytically 

though its properties are intermediate between those of the blood 

hemoglobin and oxidation enzymes. Millikan further reports that 

muscle hemoglobin occured in those muscles which required vigorous 

repetitive activity that must be maintained and that myoglobin 

acts in some muscles as a reservoir for oxygen which can be drawn 

upon.

Demyr-Brown (10) observed that fibers with the same speed 

of contraction are grouped in muscle "heads" (such as the internal 

short head of the triceps) and in the more complex muscles the deeper 

heads are composed of slowly contracting fibers. Moreover, the 

hypothesis of Grutzner concerning the intimate mixture of both types 

of fibers in a single muscle in higher mammals, including man, and 

the different speed of contraction possessed by these two types was 

not confirmed b y  Denny-Brown. Denny-Brown maintains that mammals 

possess the same arrangement of fibers in large groups or heads of 

uniform speed of contraction as do the lower animals.

Denny-Brown observed that granulation of the fibers varies 

with the nutrition of the animal and they therefore appeal1 to be 

related to nutritional reserve. Denny-Brown confirmed Bell's (11)
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statement that the interstitial granules are located in the sarco

plasm. Denny-Brown concluded that granulation storage does not 

have any effect on the process of contraction, nor does red pigmenta

tion bear any relation to the onset of fatigue.

In view of the divergent opinions found in the literature 

it was felt that a comparison of a number of contractions in terms 

of their birefringence might be enlightening. This comparison was 

undertaken between various pigmented and non-pigmented muscles 

found in the rabbit and dog.

MATERIALS AND METHODS

Five mature rabbits and six mature dogs were used in this 

study. The animals were anesthetized with Dial and Urethane, the 

dosage calculated on the basis of body weight. The same exsanguination 

procedures were used for the dogs and rabbits.

After the animals were anesthetized they were tied to an 

animal board. The skin was excised in the midline from the mandible 

to the sternum and the internal jugular vein exposed. The vein was 

tied and a small incision was made caudal to the thread. A cannula 

was inserted into the vein and tied in place. At intervals a few cc. 

of Ringer*s saline solution was allowed to flow from an elevated 

graduate cylinder into the vein to prevent clotting within the 

cannula. The common carotid artery was then exposed on the opposite 

side. About two inches of this artery was cleaned, and a ligature
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was placed at the cranial end; while a clamp was placed at the 

caudal end, of this portion of the vessel. Between the clamp and 

the ligature a small incision was made in the artery and a cannula 

was inserted into the artery with an open end directed toward the 

heart. To the cannula was attached six to eight inches of rubber 

tubing to convey the blood to a receptacle. The arterial clamp 

was removed permitting the blood to flow into a 1000 cc. graduate 

cylinder containing a mixture of Ringer*a solution and sodium 

citrate. At the same time the stopcock of the elevated cylinder 

containing the saline solution was opened thus discharging a 

continual flow of Ringer*s into the vein of the animal. During 

the inflow of saline solution the Inferior extremities of the 

animals were flexed and extended in order to facilitate the drainage 

of blood from the muscles. Table I shows the amount of Ringer's 

run in and the blood withdrawn from the animals used in tills study.

After axsanguination the muscles were dissected out and 

fixed in ten per cent formalin for at least twenty-four hours before 

observation. After fixation a portion of the muscle was excised 

parallel to the fasciculi and placed in a Waring blender containing 

approximately twenty-eight cc. of ten per cent formalin. Mechanical 

agitation by the blender separated the fibers lengthwise without 

any apparent damage to the fiber structure. Cardiac and ocular 

fibers did not lend themselves to this technique and were therefore 

individually dissected out under a binocular microscope, .hen
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cardiac and ocular tissue were subjected to the action of the Waring 

blendor excessive fragmentation was produced as well as a heavy pre

cipitate presumably of connective tissue which prevented observation 

of the fibers. Only normal appearing fibers were used in these 

observations.

Ten or more individual fibers were immersed in a solution 

of water and India ink, and then placed on a,lass slide containing 

a drop of formalin and covered with a cover slip. All observations 

and measurements were made in green light. The light from a high 

pressure quartz mercury arc was passed through a Corning ii-65 filter, 

which rendered it practically free of all wave lengths except 5U6 mu.

Measurements of thickness were made with a Leitz oil immersion 

objective and a 5x ocular. A carbon particle on the upper surface 

of the fiber was brought into sharp focus and the position of the 

body tube was read from the calibrated fine adjustment knob (one 

gradation equal one micron). Then a carbon particle on the under 

surface of the fiber was brought into sharp focus and the reading 

of the fine adjustment scale noted. The difference between the two 

readings is the apparent thickness of the fiber in microns.

Measurements of retardation were made with both a one and 

a one-tenth wave length Berek compensator. These two compensators 

when checked with each other gave similar results, however, since 

the one-tenth wave length compsensator was easier to use, most of 

the later observations were made with it.
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Fisher's t formula was applied to the values obtained for 

birefringence, retardation and thickness. This formula tests 

whether a significant difference exists between the values obtained 

from the different types of muscles. The formula for calculating 

this difference as given b y  Garrett (12) is as follows*

- f  -( X-y ) - (H‘- *7) ) A u- i)
x ] ( a /x  s **- + 7 ^ ~ s y T  ^  a /x  ^

where, x  is the mean for group x  

y  is the mean for group y  

Nx is the number of observations in group x

Ny is the number of observations in group y

S x  is the standard deviation from the mean for group jc

Sy is the standard deviation from the mean for group y

In applying this formula the assumption is made that the 

mean for group x  of one muscle and y  for the second muscle (Nx and 

Ny) respectively are equal which strikes the expression Nx and Ny 

from the formula. Since Nx and Ny are equal Nx-Ny is therefore 

equal to zero. The application of the remainder of the formula 

now tests the significance of the difference between the means of 

groups x  and y. If the t values are greater than unity the P or 

probability factor determined from a standard table of t values are 

correspondingly greater. P values greater than 0.5 are considered 

significant in these observations.
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The analysis of form and crystalline birefringence was 

carried out by the imbibition method of Ambronn (13). The procedure 

used was as follows. A fiber was placed on a glass slide that con

tained a drop of formalin (n 1 .33) and the thickness and phase 
difference measured. This same fiber was removed from the slide and 

the excess formalin removed with a blotter. A drop of glycerin 

(n l.li?) was then added to the fiber on a slide and second reading 

was made immediately. At five minutes intervals additional readings 

were made until the values remained constant. This same fiber was 

then immersed in a solution of potassium mercuric iodide in glycerin 

(n 1.68) and the phase difference measured. At ten minute intervals 

for a period of thirty minutes measurements were made. The fiber 

was observed in a similar manner in methylene iodide. In the latter 

solution it required usually sixty minutes before values leveled 

off. In these observations, while the fibers were immersed in each 

of the above solutions, the movement of the Becke line was observed.
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OBSERVATIONS 

PIGMENTED MUSCLES

Several of the muscles of the Inferior extremity of the 

rabbit can be easily distinguished from the others due to the pre

sence of pigment, myoglobin, which gives them a distinct red color.

This dichotomy is discernable in two regions, namely the hamstring 

region of the thigh and dorsal region of the leg. Without ex

sanguination, the other hamstring muscles appear pale pink in color 

when comparison is made with the red semitendinous. A similar 

difference is observed between the gastrocnemius and soleus muscles.

The color of the diaphragm and heart appeared to be different 

from that of the colored muscles of the inferior extremity. The 

heart appears brown and the diaphragm is a similar color. The extrinsic 

muscles of the eye in rabbit were not classified on the basis of 

pigmentation as the surrounding sclera and fascial layers practically 

prohibited a definite color differentiation.

The color differences exhibited by these muscles, after 

exsanguination, are more apparent in the rabbit. The white muscles 

were then completely achromatic while no change in pigmentation was 

observed in the red muscles.

In dogs all of the muscles are of the red or pigmented type. 

There is no distinction between various muscles on the basis of 

pigmentation between rabbit. The gastrocnemius, soleus, diaphragm 

and hamstrings were apparently all the same color. Exsanguination
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did not change this picture, as the color in these muscles is due 

to an intrinsic pigmentation and not to the presence of blood. The 

red muscles of the dog appeared to be the same color as the red 

muscles of rabbit, while the cardiac muscles of both animals were 

brown. No decision was made regarding the color of the ocular 

muscles of the dog.

FIBER THICKNESS

The fibers of the inferior extremity and diaphragm:.;- muscles 

in the rabbit ranged in thickness from twenty-seven to thirty-seven 

microns with a mean value of thirty-one microns as shown in Plate I 

and Table 2. Observations of individual fibers from eighteen red
i

muscles showed there is no distinct size difference in the red muscles 

of the inferior extremity and diaphragm when compared with white 

muscles of the inferior extremity.

A significant difference was obtained when measurements 

were made of the ocular muscles of rabbit. The average fiber diameter 

was twenty-two microns with a range in thickness from sixteen to 

twenty-six microns as is shown in Plate l a n d  Table 2. The ocular 

fibers are thus definitely less thick than muscles of the inferior 

extremity.

-»diaphragm muscles are included in subsequent observations 
with inferior extremity muscles.
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Plate I

Hatched bars represent the thickness of ocular fibers of 

rabbit plotted against fiber birefringence. Closed bars represent 

fiber thickness of red muscles and open bars fiber thickness of white 

muscles of rabbit plotted against their respective fiber birefringence

as ordinate
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Measurements were made of fibers from thirty muscles of the 

inferior extremities of dogs. Plate II and Table 3 show that the 

average thickness of these muscles was twenty-three microns with a 

range of fiber thickness from sixteen to twenty-nine microns. No 

significant difference in thickness was obtained when one muscle of 

the dog was compared with another.

One hundred measurements on the extrinsic muscles of the eye 

of dogs gave an average fiber thickness of twenty-one microns in 

thickness as shown in Plate II and Table 3» The important observation 

here was that the fiber thickness of these muscles is similar to the 

fiber thickness in the muscles of the inferior extremity as well as 

the ocular muscles of the rabbit.

Eighty measurements of cardiac muscle from dog gave an average 

fiber thickness of twenty-two microns ranging from eighteen to twenty- 

eight microns in thickness (Table 3).

TOTAL BIREFRINGENCE

Red and white muscles of rabbit showed similar amounts of 

total birefringence. Red muscles of rabbit gave an average total 

birefringence of 3.2 x  10-3* for one hundred and eighty observations 
ranging from 1.0 to U.O. For white muscle in two hundred and ninety 

observations it was 2.9 with a similar span. These values as shown

*in subsequent observations of birefringence 10-3 will be
added.
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in Plate I and Table 2, indicates no significant difference in the 

amount of double refraction between various pigmented muscles.

One hundred observations made on the extrinsic muscles of 

the eye of rabbit showed the total birefringence of 3*1 from three 
hundred observations. The range of birefringence values was from

1.0 to it.5 as shown in Plate II and Table 3« It was observed that
'

no significant difference in birefringence exists between different 

muscles of the inferior extremity of the same animal.

The extrinsic ocular muscles of the eye of dogs gave an 

average total birefringence of 2.2 from one hundred observations.

The range was from 0.5 to 2.7 as shown in Plate II and Table 3.

The total birefringence of cardiac muscle was 1.7 ranging 

from 0.5 to 3.0 as shown in Table 3* No conclusion was drawn 

regarding the significance of this low value in heart muscle.

The values obtained in this observation of total birefringence 

therefore, indicates that a significant difference in birefringence 

exists in the extrinsic muscles of the eye in both animals when com

pared with the amount of double refraction in the muscles of the 

inferior extremity.

FORM AND CRYSTALLINE BIREFRINGENCE

Table h and Plate III show the values obtained in the analysis 

of form and crystalline birefringence of the inferior extremity 

muscles of the rabbit. In formalin the mean birefringence of eight 

observations was 3.1. The same fibers in glycerin show a mean value
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of birefringence of 2.3. In potassium mercuric iodide-glycerin 

mixture the birefringence of these muscles was reduced in thirty 

minutes to - mean value of 1.5. In methylene iodide after sixty 

minutes the average birefringence was 2.3» Therefore, about one 

half of the birefringence of rabbit striated muscle is form and the 

other half crystalline.

The extrinsic muscles of the eye of rabbit show an average 

value of 1.9 in formalin as shown in Plate III and Table 5. This 

value was rapidly reduced in five minutes to 0.80 when the fibers 
were placed in glycerin. After thirty minutes immersion in a solution 

of potassium mercuric iodide and glycerin the average birefringence
i

was O.li. The value of form birefringence for the ocular muscles of 

rabbit accounts for about seventy-five per cent of the total bi

refringence while the remaining twenty-five per cent is crystalline.

As shown in Plate IV and Table 6 the mean total birefringence 

of eight observations of the inferior extremity muscles of the dog 

in formalin was 3.1. In glycerin the mean value measured after five 

minutes immersion was 1.6. In potassium mercuric iodide-glycerin 

the birefringence measures 0.8. After sixty minutes immersion in 

methylene iodide the birefringence of the inferior extremity muscles 

increased to 1.7. Form birefringence is approximately fifty per cent 

of total birefringence in the muscles of the inferior extremity while 

the remaining fifty per cent is crystalline double refraction.

A similar procedure was carried out with the extrinsic ocular
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Plate III

Upper line represents Imbibition curve of Inferior extremity 

muscles of rabbit beginning at an index of refraction 01 1 «3• Lower 

curve represents imbibition curve of ocular muscles of rabbit be

ginning at an index of refraction of 1.3.
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muscles of the dog. Plate IV and Table 7 show that in formalin 

the mean value of birefringence obtained for eight observations 

was 2.2. After five minutes in glycerin the mean value was 0.8, and 

in potassium mercuric iodide-glycerin mixture the birefringence was

0.1*. After sixty minutes immersion in methylene iodide the latter 

value of double refraction was increased to 1.6. The values of 

birefringence obtained for the extrinsic ocular muscles of the dog 

are similar to those for the same muscles of the rabbit.

Plate IV and Table 8 show the values obtained for cardiac 

muscle of dog. The mean birefringence of this muscle in formalin 

was 1.7> and for four observations in glycerin the mean was 1.0.
i

After sixty minutes in potassium mercuric iodide-glycerin mixture 

the average value of birefringence was 0.7. In methylene iodide the 

birefringence of cardiac muscle was increased 1.3.

STATISTICAL ANALYSIS

Fisher*s formula was applied to the values of retardation 

and birefringence of representative samples of red and white fibers 

from different muscles of the rabbit. In this formula x represents 

the mean retardation and mean birefringence values of one muscle and 

y  presents the mean retardation and mean birefringence of a second 

muscle. Table 9 shows that in ten different comparisons of re

tardation and birefringence the t values obtained were less than 

one. Such a comparison shows that red fiber retardation and bi

refringence will equal white fiber retardation and birefringence in
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Plate IV

Upper line represents the imbibition curve of inferior 

extremity muscles of dog beginning at an index of refraction oi 1*3* 

The middle line represents the imbibition curve of ocular muscles 

of dog beginning at an index of refraction of 1*3* Lover line 

represents heart muscle of dog beginning at an index of refraction

of 1 .3.
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in every case on a chance basis. Since the numerical difference 

in fiber thickness between red and white fibers is small and t 

values were not calculated for thickness.

When Fisher's formula was applied in a comparison of the 

birefringence and retardation values of the inferior extremity 

muscles of the same animal highly significant t  values are obtained. 

The probability factor determined from one of these t values for 

birefringence or retardation, indicates that chance has played a 

very small part in establishing the difference between these two 

muscles (Table 10).

Fisher's formula was applied to the retardation and b i

refringence values of the inferior extremity muscles of dogs. In 

this formula x  represents the individual mean for retardation and 

birefringence of one muscle and y  represents the individual mean 

of retardation and birefringence of a second muscle. The t values 

from such a comparison was less than one. A n  exception was shown 

when a comparison was made of retardation and birefringence of the 

vastus medialis and gastrocnemius muscles of dog. The t value for 

retardation in these two muscles was 2.6 and for birefringence was 

$.1 as indicated in Table 11.

'«hen the formula was applied to the retardation and b i

refringence values of the ocular muscles of the dog, and a comparison 

made with the values obtained for retardation and birefringence of 

a second ocular muscle the t values were not significant. Table 11
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indicates the t values obtained in such a comparison.

Fisher's formula was applied to the values of retardation 

and birefringence of the inferior extremity muscles of the dog, and 

a comparison made with the ocular muscles of the same animal. The 

t values obtained for such a comparison of retardation and bi

refringence are highly significant. Thus the dog and rabbit show 

significant P values when the extrinsic muscles of the eye ox each 

of these animals are compared with their respective inferior extremity

muscles



21

DISCUSSION

It baa been observed in tills study that different colors 

are diseeroable in the muscles of two types of animals. This color 

difference is not only recognised in animals used in these observ

ations, but is also evident in other species of maasnals as well as 

in amphibians and birds. Sixsh an example can be cited in the 

whiteness of fish aaiscle in contrast to the crimson of a pigeon's 

breast, or the ifcite breast of a chicken to the red breast of a 

starling.

Grutsner inferred that pigaented muscles are distinguishable

according to the number of light and dark fibers present in each
.1

muscle, and that red muscle has a  slower contraction rate than white, 

but maintains contraction over a longer period of time.

These observations have not been verified by Denny-Brown, 

who observed that dark fibers have the same physiological rate of 

contraction as light fibers. Kolliker and Bell (lit) maintain that 

these dark fibers possesses minute droplets arranged along the 

anisotropic and isotropic bands. These droplets were called liposomes 

and are atainable by alkaline solution of Sudan III and Sudan 1?. 

Denny-Brown (15) observed in the cat that granulation varied with 

the nutritional state of the animal. He further observed that dark 

and light fibers are in equal proportion in the superior and lateral 

recti muscles of the cat. Hie granulation found in these muscles
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is the same as observed in the muscles of the inferior extremity 

of the same animal. He measured the contraction-duration of superior 

and lateral recti muscles and observed that both muscles possessed 

the same contraction rate, but this rate was different from the con- 

traction-duration ratio of the gastrocnemius and soleus muscles.

It is therefore, apparent that dark granular fibers described b y  

early histologists have no significance in terms of contraction.

This was further substantiated by Denny-Brown who subjected a cat 

to a starvation diet and then measured the contraction-duration 

time of inferior extremity muscles which had lost their granulation 

due to nutritional factors. He found the contraction-duration time 

the same in gastrocnemius and soleus muscles before and after 

starvation.

In this study, muscles were not classified as pigmented or 

non-pigmented on the basis of granulation. The light and dark fibers 

were not separated out from their respective muscles, nor did micro

scopic observation distinguish light from dark fibers. Exsanguination 

of the muscles of rabbit and dog showed that pigmentation is probably 

Intrinsic factor and is not due to the amount of blood within the 

muscle.

When the red muscles of the inferior extremities of dog and 

rabbit and the heart muscles of the same animal are compared they are 

seen to be of different colors. It is to be concluded from these 

observations and those of Brutzner, Bell, Denny-Brown and others that
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pigmentation of muscle is a separate factor and is in no say con

nected with the physiological rate of contraction of these muscles.

Grutaner found in his observations that a difference in 

fiber thickness exists between red and white muscles. Measurements 

carried out in this study do not agree with Grutanar's findings.

This is evident in the fiber thickness of rabbit where the red muscles 

have a similar fiber thickness as in white muscle. Observations of 

this study are more in agreement with the findings of Arloing and 

Lavorat (16), who observed in the rabbit no difference in fiber 

thickness between red and white muscles. The significant difference 

in fiber thickness between ocular and inferior extremity muscles 

agrees with the findings of Denny-Brown (17), who measured the fiber 

thickness of similar muscles of cat. He found that fiber thickness 

of ocular muscles was much smaller than the fiber diameter of the 

remaining muscles in the animal.

The fiber thickness of ocular muscles of dog was similar to 

the fiber thickness measured in the ocular muscles of rabbit. This 

is significant, in view of the fact, that in two types of animals 

studied in this present observation, the fiber thickness was similar 

to that fiven b y  Denny-Brown (16) for fiber thickness of the ocular 

muscles of cat. This indicates that fiber diameter of ocular 

muscles is aimilar in three types of animals. No significant dif

ference in fiber thickness was noted between muscles of the same 

inferior extremity. The inferior extremity muscles of dog show a 

fiber thickness approximately eleven microns smaller than similar
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The measurement of fiber thickness in this stuoy was 

possibly the greatest source of error. Since the measurements were 

made in microns, errors if consistent, would be largely due to the 

rather small object measured. The measurements of fiber thickness 

were carried out by the same operator and the apparent thickness 

corresponds to the measurements given in the literature of similar 

muscles.

Pigmentation of muscle plays no part in determining the 

amount of birefringence in red and white muscles. This has been shown 

in present observations where the total birefringence of white muscle 

of rabbit was ,2.9 and that of red muscle of dog 3*1. Since the bi

refringence value of white muscle of rabbit is similar to the pigmented 

muscles of rabbit and dog, no differentiation is discernable on the 

basis of the amount of double refraction shown b y  these muscles.

Analysis of form and crystalline birefringence of the ocular 

muscles of dog and rabbit gave unexpected results. One possible 

explanation for the difference in birefringence between the muscles 

of the inferior extremity and the extrinsic muscles of the eye might 

be made on the basis of differences in the areas of Cohnheim in 

these muscles. But in a few exploratory observations made on these 

areas in ocular and inferior extremity muscles revealed no difference 

in distance between areas. Paukul (19) observed that the areas of 

Cohnheim are more evenly distributed in red than in pale muscle.
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Present observations do not correspond with Paukul's statement nor 

Arloing and Lavorat (20) findings that white muscle contain less 

connective tissue between the fibers.

The analysis of crystalline birefringence b y  the imbibition 

method of Ambronn shows that the micellular arrangement of the 

contractile element of muscle is different in the extrinsic muscle 

of the eye. This difference in total birefringence is more significant 

when consideration is given to the fact that ocular muscles possess 

a greater speed of contraction than any muscles of the body. This 

value of crystalline birefringence for ocular muscles possibly in

dicates that the number of micelles per millimeter of thickness is
i

less in the ocular muscles and that the distance between micelles 

is greater in this type of muscle. This theory is further sub

stantiated b y  the rapid action of the imbibitions fluids in removing 

the form birefringence from the ocular muscles. The inferior ex

tremity muscles of both animals possess a crystalline birefringence 

value approximately twice that of the ocular muscles. The penetrating 

action of the imbibition fluid in these muscles was much dower than 

was noted in the observations made of ocular muscles of the same 

animal.

In view of the work accomplished by Astbury (21) in the 

field of X-ray diffraction, the possibility of revealing the protein 

chains in ocular and muscles of the inferior extremity, if any, might 

be revealed between these two different muscles.

tiaSTO X  W V M S E T T  tiBKAJir
@9927
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The study of the intermicellar distances b y  artificial methods of 

dichroism has not been attempted in this study. Extensive investi

gation using this method of observation should therefore, cast more 

knowledge on the intra- and inter-micellar structure of ocular 

muscle.

What relationship exists between pigmentation and granulation 

in muscle, or birefringence and granulation has not been established 

in a seerch of past and present literature on pigmented muscles.

To these questions and a study of the form of vascular supply of 

pigmented and non-pigmented muscles presents a means whereby fur

ther knowledge might be secured on the differences exhibited by red 

and white mamalian striated muscle.
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CONCLUSION

1. Pigmentation of the mammalian striated muscle studied is due 

to a factor located within the muscle fibers.

2. There is probably no relationship between pigmentation of a 

muscle and its birefringence.

3. No evidence was obtained to indicate that the amount of pigment 

was in any way related to the vascular supply of the muscles.

L. Red and white muscles of the inferior extremity of rabbit 

possesses a similar fiber thickness and birefringence.

5. The ocular muscles of dog and rabbit have a similar fiber thick

ness and birefringence.
i

6. The amount of crystalline birefringence in rabbit and dog ocular 

muscle is similar.

7. The fiber thickness of the inferior extremity muscles of dog 

is not similar to that of the inferior extremity muscles of the 

rabbit, however, the amount of double refraction in these muscles

is similar





TABLE 1

EXSANGUINATION 

DOG AND RABBIT

Animal Number Weight
No. of cc’s 

- of Ringer’s allowed 
to flow in

No. of cc’s 
of saline-blood 

withdrawn

Dog DI 7.2 K ltfO 215

Dog BII h.S K

Dog Dill 5.6 K 1370 1050
Dog DIV 5.2 K 900 315

Dog m 10.0 K w a o 3500

Dog DVI U.9 K 2980 2U30

Rabbit RCI 1.5 K No exsanguination

Rabbit RCII 1.7 K 100

Rabbit R a n 3.0 K Animal expired

Rabbit RCIV 3.3 K Animal expired

Rabbit RCV 2.0 K 1160 Uoo



RAD1IT

TABLE 2 
KBD MUSCLE

Number of Observations Mean Thickness Mean Retardation Mean No-Ne

180 31 u 99 2#910-3

Standard Deviation -  M  . 28 0*9

ïïHITE 1ÎUSC1E

Number of Observations Mean Thickness Mean Retardation Mean No-Ne

2?0 32 u 96 2,910-3

Standard Deviation _____ ______ L 3 ______________ 26 o .S

OCULAR MURCI£

Number of Observationa Mean Thickness Mean Retardation -lean No-Ne

100 22 u 33.7 l.910-3

Standard Deviation ___________ h ä _______________ ^ . 0 ______ 2*1_____
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TABLE 3

SKELETAL MUSCI£

Number of Observations

300
Standard Deviation

Mean Thickness 

23 u 

3.6

Mean Retardation 

85-°

_____________ *6.e * *

lean Ho-Ne 

3.110-3

1.1

OCULAR MUSCU3

îAimber of Obeerv tlons

100
Standard Deviation

Mean Thickness 

21 u

____________________ _________

Mean Retardation 

l9tl)

6.0

Mean No»Ne 

2<2lQ-3

ot4

CARDIAC ’ÎUSCU5

Humber of Observations

80

Standard Deviation

Mean Thickness 

21 u

_______ :____iii_____________

Mean Retardation 

U3.1

______________ IM ____________

Mean No-île 

1.T » - 3

_______ M ______



RABBIT - 

SKELETAL MUSCLE

TABLE U

No. of Observations 8 8 8 8 8 8 8
Medium Formalin Glycerin Glycerin K2HgIIt K2HgIi* K2HgIl* Methy.I

Refractive Index 1.33 1.1*7 1.1*7 1.68 1.68 1.68 1.71*

Time Cain. Omin. 5>min. Chin. lOmin. 20min. 60min.
Mean Birefringence 3.1 2.1*7 2.37 1.80 1.61 1.55 2.30
Mean Retardation 93.3 63.1 60.U 31*. 2 39.0 37.8 UU.1*
Mean Thickness 32 u 32 u 32 u 32 u 32 u 32 u

1

32 u



RABBIT

OCULAR MUSCLE

TABUE 5

No. of Observations 2 2 2 2 2 2 2

Medium Formalin Glycerin Glycerin KaHgiU K 2HgIl* K2HgIl* Methyl. I.

Refractive Index 1.33 1.1*7 1.1*7 1.68 1.68 1.68 1.71*

Time 0 min. 0 min. 5 min. 0 min. 10 min. 20 min. 60 min.

Mean Birefringence 1.9 .90

oco. .60 .51 .1*8 1.6

fie an Retardation 1*1*.7 16.U 17.9 11*. 6 12.6 11.1 35.2

Mean Thickness 21
u 21 u 21 u 21 u 21 u 21 u 21 u



TABLE 6

DOG

SKELETAL MUSCLE

No. of Observations 8 8 8 8 8 8 8
Medium ■ormalin Glycerin Glycerin K2HgIlt K2HgIli K2HglU Methyl. I

Refractive Index 1.33 1.U7 1.U7 1.68 1.68 1.68 1.7U

Time 0 min. 0 min. 5 min. 0 min. 10 min. 20 min. 60 rain.
Mean Birefringence 3.1 1.8 1.6 1.2 1.0 0.8 1.7

Mean Retardation 63.8 U0.5 37.0 21.7 20.3 18.5 2U.3

Mean Thickness 22
u 22 u 22 u 22 u

_____________l

22 u 22 u 22 u
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OCULAR MUSCLE

TABLE 7

No. of Observations 2 2 2 2 2 2 2
Medium Formalin Glycerin Glycerin K 2HglU KgHgllt K 2HglU Methyl. I.

Refractive Index 1.33 1.U7 1.1*7 1.68 1.68 1.68 1.7U

Time 0 min. 0 min. 5 min. 0 min. 10 min. 20 min. 60 min.
Mean Birefringence 2.2 1.7 1.5 1.0 0.8 o.U 1.6
Mean Retardation 52.8 35.8 32.1 21.2 17.1 15.2 21,2
Mean Thickness 

_______________________1

a  a 21 u 21 u 21 u-- 1

21 u

-------------,21 u 21 u



TABLE 8

DOG

CARDIAC MUSCLE

No* of Observations u u h h U h u

Medium Formalin Glycerin Glycerin KaHgih K2HgIl1 K2Hgru Methyl I.

Refractive Index 1.33 1.U7 1.U7 1.68 1.68 1.68 1.7U

Time 0 min. 0 min. 5 min. 0 min. 10 min. 20 min. 60 min.
Mean Birefringence 1.7 1.0 1.0 0.7 0.5 0.7 1.3

Mean Retardation U3.1 22.7 22.0 16.1 13.3 16.1 21*. 2
Mean Thickness 22 u 22 u 22 u 22 u 22 u 22

u
22

u



TABLE 9 

RABBIT

STATISTICAL EVALUATION OF SKELETAL MUSCLES

Group Muscle Type of Muscle Mean Retardation Mean No-Ne t-No-Ne*

RCUA Send tendinous 98.8 3.0 Less than Less than
1 RCÜH White Quadriceps 109.2 3.5 1.0 1.0

2 r c u d Soleus 111.9 3.7 Less than Less than
RC5C Gastrocnemius 93.2 2.9 1.0 1.0

3 RC5D Soleus 88.8 2.7 Less than Less than
RC$H Quadriceps 97.6 3.0 1.0 1.0

U RC3E Diaphragm 105.0 3.6 Less than Less than
RC3D Soleus 108.8 3.9 1.0 1.0

5 RC3B White Adductor 111.9 3.5 Less than Less than
RC3A Semitendinous 111.1 3.U 1.0 1.0

6 RC2E Diaphragm 99.8 3.2 Less than Le:;s than
RC5D Soleus 88.8 2.7 1.0 1.0

7 RC1H White Quadriceps 99.6 2.9 Less than Less than
RCltH White Quadriceps 109.2 3.5 1.0 1.0



TABLE 9 (continued)
RABBIT_

STATISTICAL EVALUATION OF SKELETAL MUSCLES

Group Muscle Type of Muscle Mean Retardation Mean No-Ne w t * t-iJo-IJe“'

8 RCltA Send tendinous 98.8 3.0 Lees than Less than
RC2F Diaphragm 9P.S 3.2 1.0 1.0

9 RCbH White Quadriceps 109.2 3.0 Lees than Less than
RC3T) Soleus 108.8 3.9 1.0 1.0

10 RC2E Diaphra?«a 99.8 3.2 Less than Less than
RC3E LUaphraga 10S .0 3.6 1.0 1.0

»  W t  s represents t value of retardation 
» t-'fo-Tie *  represents t value of birefringence



TABLE 10

RABBIT

STATISTICAL EVALUATION OF SKELETAL AND OCULAR MUSCLES

Group Muscle Type of Muscle Mean Retardation Mean No-Ne t-R* t-No-Ne*

1 RC3F2 Superior Rectus 1*9.1* 2.310-3 Less than Less than
RC5F1 Lateral Rectus 37-. 2 1.7 1.0 1.0

2 RC5F2 Superior Rectus 60.0 2.6 2.2 13.0
RC1*H Vihlte Quadriceps 109.2 3.5

3 RC3F1 Lateral Rectus 1*0.2 1.9 3.3 li*.7
RC3D Soleus 108.8 3.9

l* RC2G Lateral Rectus 39.7 1.7 8.0 22.3
RC2E Diaphragm 99.8 3.2

5 RC3F1 Lateral Rectus 1*0.2 1.9 35.7 31.3
RC3A Red Adductor 111.1 3.1*

* t-R represents t values of retardation
* t-Mo-Ne represents t values of birefringence



TABLE 11

DOO

STATISTICAL EVALUATION OF SKELETAL AND OCULAR MUSCLES

Group Muscle Type of Muscle Mean Retardation Mean No-Ne t-K* t-No-Ne*

1 DIA Gastrocnemius 5 0 .6 2 .3 1 0 - 3 Less than Less than
DIG Adductor 6 1 .8 2 .5 1.0 1.0

2 DIIID Diaphragm 9 2 .3 3 .8 Less than Less than
u v a Diaphragm 9 3 .8 U.o 1.0 1.0

3 DIVH Vastus Medtialls 5 7 .7 2 .3 2 .6 5 .1
DVA Gastrocnemius 7 6 .8 3 .7

h DIIIF Rectus Abdominis 8 9 .0 3 . 6 Less than Less than
DIIF Rectus Abdominis 8 0 .0 3 .5 1.0 1.0

5 DID Diaphragm 8 3 .5 3 .7 Less than Less than
DIIA Gastrocnemius 6 2 .5 2 .7 1.0 1.0

6 DID Diaphragm 8 3 .5 3 .7 h.U 6 0 .3
DIIEl Lateral Rectus 2 8 .2 1 .2

7 DIA Gastrocnemius 5 0 .6 2 .3 Less than Less than
d i i i f .2 Superior Rectus 22.9 3 .0 1.0 1.0



TABLE 11 (continued) 

DOO

STATISTICAL EVALUATION OF SKELETAL AND OCULAR MUSCLES

Group Muscle Type of Muscle Mean Retardation Mean No-Ne t-R* t-No-NE*

8 DIVE! Lateral Rectus 12.U 1.7 26.1 2.2
DIVH Vastus Medialis 57.7 2.3

9 DIVE2 Superior Rectus 18.9 2.6 Less than Less than
DIVEi Lateral Rectus 12.U 1.7 1.0 1.0

10 DVDi Lateral Rectus 13.6 1.9 7.3 2.9
DID Diaphragm 83.5 3.7

# t-R represents t value of retardation
* W i o - N E  represents t value of birefringence
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