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The Histology of Voluntary Muscle in Cattle
and Changes Which Ocour During Fattening.
I _Introduction

The present investigation does not enter into a general econgid-
eration of the histology of wvoluntary striated muscle but is confined to
a few phases of the subject. The ocourrence of fat in the muscle fiber
will be considered in some detail. Some observatlons bearing on the

changes in striated mmscle incident to fattening, growth,and inenition

will be presented,

The investigation wes carried on in the Anakomical Laboratory
of the University of Missows. I am much indebted to Dostor E. T. Bell,
under whose supervision the work was done. I am also under many obli-
gations to Professor H. J. Waters, Director of the Missouri State Agri-
onltural Experiment Station, for the material used. The material was
made avallable in connection with some extensive feeding experiments

now being carried on at the Experiment Station.
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The following table gives a list of the animals from which

material was obtained in the course of this investigation. These

animels will be referred to by mumber and the table msy be consulted to

determine their age and nutritive condition:

Number

Sex Age at

48
63

591

597

593

592

5986

504

Male 3 years
Male 3 years
Male 3 years
Male 3 years
Yale 3 years
Female 6 years

Male 15 months

Male 17 months

Male 16 months

Male 21 months

Male 21 months

Iale 21 months

Slaughter Slaughter

Condition at

Feeding during period

_preceding slaughter

very fat
fat

fat

fat

fat

thin

very thin

Moderately thin

fat

very thin

thin

fat

full fed 2 years

full fed 1 year

full fed 2 years

full fed about 1 year
full fed about 2.yea.ra‘
ordinary feed (milk cow)

fed to lose.5 pounds per
day for 6 months

fed to keep weight cone
stant for 6 months

fed to gain <5 pounds
per dgy for 6 months

fed to lose .5 pounds per
day for 8 months

fed to keep weight con~-
stant for 8 months

full fed
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Number Sex Age at Condition at TFeeding during period
Slaughter Slauyghter preceding slaughter
5970 Male 2 years fat full fed
5971 Male 2 years fat full fed
527 Male & months
529 Male 8 months

Fetus I ( ? ) 7 months, 60 centimeters long

Fetus I1 Temele, nearly full tem

Sarples for histological purposes were cormonly taken twenty
four hours after slammghter. From two to twenty samples were talen
from various muscles of the head, neck, and extremities of each animel.
The rmscles of which samples were obtained will be mentioned in connection
with data presented later., Animals 527 and 529 were not slaughtered
but small samples were taken from the biceps femoris by operation.

The fixative used for animals 504 and S was prepared by adding
4 oo of pure formalin to 100 cc of 70% alcohol. The fixative used in
all other cases was made by adding 20 ce of pure formalin to 80 cc of
distilled water.

In studying the connective tissue Mallory's aniline blue stain
was found to be of little wvalue for material fixed in fommalin. Celloidin
sections stain weakly with Van Gieson's stain. At the suggestion of
Doetor C. MoGill, the ecelloidin sections were soaked for twenty minutew
in strong potassium bichromate solution, after which Van Giescon's
solution was used. This method gives excellent results. As fer as I
xnow this method has not been previously employed.

In studying the fat ocourring within the musele fiber about

seventy~five samples were exammined, four hurdred preparations being made.
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Frozen sections and teased preparations were employed. The stains
used were

VR e

first i saturated solutions of Sudan and oF

AN AR R R RSREX.]

Scarlet red in 709 aleohol. Marchi's oamic acid method was used to &
limited extent. As the results obtained by the use of these stains were
found to be unsatiafactory Herxheimer's stain was tried. The formula

for this stain 1s as follows:

Absolute alcohol 70 cc.
107 sodium hydrate 20 cc.
Digtliled water 10 co.

Searlet red to saturationm.
This stain was found under certain conditions to staln some fat that
remains unstained by the other solutions menmtioned. It is found to
exert a solvent action cn the fat, however, and much of the fat in the
fiber is entirely unstained. Beczuse of the unsatisfactory resuits
obtained by the use of these stains an attempt was made to devise a
better method. A limited number of testw were made. Solutions of
Sudan aned of Scarlet red in alecohol of wvarious strength =md in
alkaline alcohol were tried. Mixtures of Sudan and Scarlet were also
employed and sodium, potassium and ammonia were used as the alkaline
reagent. The solution giving the best results of any of these tried was
prepared as follows:

100 ce. of 50% alechol

1 gm. of sodium hydrate

Secarlet red to saturation

Heat mixture for 20 minutes

on water bath and allow to

gtend for 24 howrss Filter

imnediately before using.



A noticeable feature of preparations stained with this
solution is the great number of fine droplets which are to be secen,
such as those shown in Fig. 1. This stain should be kept tightly
stoppered while in use. If placed in a watch glass a precipitate
ocours and the fat droplets are stained black. Solutions of Scarlet
red give best results vhen used in watch glasses, one being used
as a oover. The slight evaporation which ocours from the surfece
of the solution lowers the alscohol percentage and keeps the solution
saturated. The modified Herxheimer's stain gave much better results

than any other stains used.

’Go



III The Occurrence of Fat in the Muscle Fibers
(a) Discussion of Literature.

Many histologists, physiologists and pathologists fail to mention
the ocourrence of fat in the volunkary striated muscle fiber. That miero-
scopically visible fat may ocour in the muscle fiber, under certain conditions,
1s a generally accepted fact. Chemical analyses of nuscle are thought, by
some observera, to indicate that much fat 1s present which can not be
demonstrated microscopically. Those who mention invisible fat regard it as
a physiological constituent of the fiber. The presence of fat which can
be demonstrated microscopically is regarded by some as of pathological
significance. Many observers, however, regard it as nomal. The amount
of fat inside the muscle fibers is usually regarded as independent of the
mutritive condition of the individual.

Fat ocourring in the muscle fiber under pathological conditions
is usually spoken of as a fatty degemeration or as a fatty metamorphasis,
Yirchow used the term fatty degemneration to indicate a formation of fat, in
situ by direct transformation of the proteid constituents of proteplasm,
Pettenkefer, Voit, Wentscher, Lindmann, Bauer and others have advocated
Virchow's view. At the presant~ time the tem fatty degensration is often
used to include all instences in which there is a degenerative change and
aimultaneous fat formation, without reference to the manner in which the
fat mey be suppoed to arise. The term fatty metamorphosis is usually
employed as synonymous with fatty degemeration, but is sometimes used
to indicate 2 physiological transformation of proteplasm or some of its econ~

stituents into fat.
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Fatty infiltration is generally recognized as ocourring under
both pathologieal and physiological conditions. The term is used to
indicate the bringing of fat into the cell fram an extermal source.

Among those who think that all intracellular fat is of infiltrative origin,
as opposed to Virchow's degeneration idea, may be mentioned Liebdeff,
Kraus and Rosenfeldt.

The text books on pathology by Delafield and Pmd%n/and by
Hsmilton memtion fat as occurring in the voluntary striated muscle
fiber in paremchymatous myositis, exhansting disease, various forms of
atrophy and in phosphorous poisoning.

Somltser (1865) and Manassein (1869) observed a gramular and
fatty degeneration of musole in starvation, and Foloch (1875) observed
gramlayr degeneration. Knoll (1880) regards the osccurrence of fat
alaplets 1n the mscle fiders of birds as momal. Ochathim (1883)
observed granular and fatty degeneration of the muscle fibers of starving
rebbits. Rindfleissh (1886) is not decided as to whether the fat in the
fiber is to be regarded as a degemeration or as an infiltration but in
either oase he thinks it of pathological significamce.  Zeigler (1886)
thinks that the osourrence of fat droplets in the muscle fiber is aue to
degenerative atrophy. He makes no mention of fat infiltration of the
fiber,

Koollihzg' (1889) considers the fat which ocours in the nusele
fider to be intimately connecfed with certain interstitial granules. He
desscribes these gramles as lying in the sarcoplasm between the fibrillae
and thinks that they are a normal ocmstituent of the fiber. He thinks
that the interstitial granules, under certain conditions, are transfoimed
into fat. One of his figures shows a large amount of fat in & human

muscle fidber.
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Sohaffer (1893) thinks thet fat in the muscle fiber, commonly
regarded as pathologiocal, is often physiological. In the human nmscle
he found a few fat droplets near the nucleus in perhaps 40% of the cases
examined. He also found numerous instances of 1soclated darkly staining
fibers (osmic) with many fat gramiles in rows between the fibrillse. He
considers the interstitial granules to be a regular and normal constituent
of the fiber, Many differences in color and brightness depend upon the
relative number of granules present. These interstitial granules often
undergo a physiological metamorphosis foming fat droplets. He draws a
sharp distinction between fatty metamorphosis depending upon a chemical
change of pre—existing interwtitial granules and fatty degeneration, the
latter bearing no relation to interstitial granules. In some cases of
chronic tuberculosis and infectious fevers he found the interstitial fat
gramiles formed by metamorhhosis to an extent regarded as pathological.

In the later stages of slow wasting diseases there is am entire asbsence of
interstitial granules. Ile believes that the interstitial gramles, in-
oluding fat emd fat-1like substenses, are to be regarded as stored food-
gtuffs,

Hafmann (1894) believes that a fatty metamorphosis of interw
stitial gramules ocours nomally in the frog at certaln periods of the
year., Upon section of the nerve supplying a muscle he observed an
inoreass of fat in the fiber followed by a partial or complete disappear-
ance of fat.

Statkewitch (1894) exemined the mscles of forty-four
animals at various stages of starvation. The animalSused included mammals,
hirds and amphibia. He used Fleming's fcxeXive and osnic ascid. In mno

case did he find fat within the muscle fiber. He concludes that fatty

degeneration of the muscle fiber does not oseur in starvation.



ool . 410

Peirier ( ? ) mentions the interstitial granules of KaellikeR s
identical with the sarcasomes of Netzius. They occur between the mscle
columng and in the sarcoplasm surrounding nucl}? of the muscle fiber and
are to be regarded 23 a normal constituent of the fiber. The granules are
united to each other by a thin protaplasmic network. They are not uniform
in nunber or arrangement. Under normal physiological conditions they
are often sclhanged to fat droplets.

Ricker and Ellenbeck (1899) investigated the histological
changes following nerve section in the muscles of rabbits. They find
fat droplets first anpearing 15 to 20 days after operation. At 33 dgys
all the fibers are affected moderately. A slight increase follows and this
amount is constant to zbout 99 days, when the fat begins to disaopear.

At 125 days it is found in very smell amount in a few isolated fibers.

Talbaum (1879) investigated the musculature of 119 cudavers
of which were of rachitic children. He ﬂnfs some fab in a few muscle
fibers in about 607 to 807 of the cases investigated. He finds no
connection between the oscurrence of fat in the fiber and the mutritive
condition of the individual. In fevers leading to a fatal termination no
connection is observed between the geticlogy, duration or height of
temperature and the amount of fat found. There is no relation between
the occurrence of fat and the age of the individual excepting that the
amount of fat fcund in the older fgetus and in children under ons year of
age is small. In many instances the droplets appeared to have no definite
relation to the striztion of the fiber and such droplets he regards as of
infiltrative origin. Hefometimes found, however, that the droplets were
arranged in 10ng£’cud1na1 rows the size of the droplet being dependent upon

the width of the striation bands. He says that a droplet osccurred to each

striation, tut it is not clear whether he considers the strilation as consist=-
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ing of one band or of both a light and a dark band. He believes the relation
of the fat droplet to the striztion to indicate that a fatty metamorphosis
of the fibril has occurred. He is not clear as to how he arrives at this
conclusion. He finds that neither osmi~ =22id nor sudan stains all the fat
to be demonstrated microscopicall-.

Eycleshymer (190% .inds in the developing musculature of
necturus the yolk granules gradually diminishing in size until in the
twenty—-sixW millimeter stage they lie in rows between the fibrillae =amnd
correspond .. .hne transverse mrkings. Ie mekes no mention of the exzct
relation of the yolk granules tc the striation.

Kainath (1904) investigated the muscles of various animals,
including man and the ox in adult and fpetal stages. He is unable to
verify the observation of Walbaum that the fat droplets sometimes have
a relation to the striation. He finds fut droplets arrenged in the
sarcoplasm around the muscle fiber nuc'i./ie in all the animals odbserved.
Droplets were not found ar-und every nucleus, however. In some instanges
fat was found in the fiber in other situations thm around the nmucleus,
but this seems to have been regarded as pathological. In the embryo of
the ox faet was found up to the twenty centimeter stage but was absent from
this and subsequent stages. Kainath used a 707 alcoholic $udan stain and
osmic ehd his preparations were counterstalned with haematoxylin. He ex-
amined only one rmuscle sample from the adult ox.

Kenp and Hall (1907) examined the muscles of animals fattened
for slaughter. Microscopically visible fat within the musele fiber was not
found in any of the animals studied. "Some specimens of very leam meat
yielded & much larger percentage of fat by extraction than could be acsounted

for by the fat which showed under the microscope"., They used oamic, $udan

and @carlet red as fat stains.
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Pappenheimer (1909) in two cases of progressive muscle atrophy
finds no fatty degeneration of the muscle fiber, the smzall smount of fat
present being regarded as nomsal, The data show that fat which failed to
stain with scarlet or Sudan was sometimes stained by osmic.

Bell (1909) exsmined a few of the muscles of the ox embryo
from the 3 om, to the 105 cm. stage. He found fine fat droplets between the
fibrillae in some of the fibers from the 7 om, to the 28 om. stage. The
formation of true adipose tissue begins about the time that fat disappears
from the fiber. He thinks, however, that the fat of the muscle fiber in
the embryo is not to be regarded merely as stored fat but may be intimately
oonnected with the growth of the fiber. He mentions that I had found fat
present in some of the muscle fibers of several Gery thin oxen.

As is seen from the foregoing, various questions that arise conw
cerning the occurrence of fat in the muscle fibers cemnot as yet be answered
with certainty. It will arpear later that observations here presented eon-
cerning the fat of the muscle fiber bear a certain relation to some recemt
observations concerning the glycogen of the muscle fiber. Brief mention
will aceordingly be made of this worke

Mascati (1908) has shown by chemical snalysis that the glycogen
content of muscle differs in different regions of the body and disappears
at a somewhat rapid and uniform rate after death.

Arnold  (1909) has succeeded, as he believes, in staining the
glycogen ocourring in the skeletal muscle of the frog. It is seen as very
small gramiles associated with the sarcosomes. These gramules oceur in
the J band and close to the Z line, They are not found in the fibrillae,
This is teken as evidence that the sarcoplasm is the nutritive portion of

the musele fiber while the fibril is the contractile element.
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III The Occurrence of Fat in the lfuscle Fiber.

(b) Observations and Conclusions,

The observations here presented are based on an examination
of about one hundred preparations staired with the modified Herxheimer's
stain previously mentioned. Fat which cen be demonstrated microscop-
jcally was found in considerable amount within many of the muscle
fibers of the ox. The position of fat droplets in the fiber and their
relation to the structure of the fibver will first be indicated. The
extent‘ to which fa$ in the muscle fiber is found in animals of various
ages and different €onditions of nutrition will next be considered. 1In
this connection observations on two late ox fetuses will be included

and brie& mention will be made of the ocourrence of fat in the muscle

fivers of two human subjects.

Distrivution of Fat within the Fiber,

In specimens fiked ‘in 207 formalin, and teased intc individual
fibers all the striation lines can sometimes be made out with great
certainty. Hensen's line can be made out usually with difficulty
but it sometimes shows clearly when the Zeisw apochromatic is used,

The position of the other striation bands is very clear. In the

condition of the fiber considered by Rollet® Hayoraft and others as the
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fully extended state the striation lines are most clearly seen, the
following description w11 apply especially to fibers irn that condition
and with slight modification to fibers in other states of contrastion.
In referring to the lines of striation the terminalogy of Rollett will
be followed and the striation lines and bands will be considered as
apnlying to the whole fiber and not to individual fibrillae,

The first point to be determined in comsidering the relation
of fat droplets to the structure of the muscle fiber is whether they
occur in or between the fibrillae. As i? seen from the literature
most investigators are agreed that fat droplets ocour in the sarcoplasm
and no mention is made of their having been observed within the fib-
rillee. Valbaun, however, believed that fat sometimes arose by a
fatty metamorphosis of the fibrillae. He was led to this belief by the

longitudinsal
observation that fat droplets are occasionally arranged in rows corres-—
ponding to the striation bands.

Fig. 1, made with a camera lucida from a teased preparation,
shows a portion of a muscle fiber in which fat ocours in very amall
droplets: The droplets are to be seen in the J band on either side of

the Z line. They ':fm' arranged in longitudinal rows between the
fibrillae, the alighment sometimes being almost perfect (as at a a),
Acoording to the views of Rollett, Hayoraft, Meigs amd others, the
| point between the fibrillae at which there is the greatest accumlation
of sarcoplasm is situated in the J band and close to the Z line, »nd
1t 13 at this point that the small droplets are seen .xxxxxxx, Rows of

droplets such as that at "a a" can oftem be seen at a single foous. It

will be noticed that none of the droplets are situated on the Z line.
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On the supposition that same of thess “roplets are situated within the
fidbrillae it is difficult to acecuii for their arrangement in longitudinal
and transverse rows. If they ;:;n' between the fibrillae, however,
at the place of the greatest acoumulation of sarcoplasm, and therefore
of least resistance, their position is at once accounted for. An ex~
amination of eross sections indicates that the droplets do not ocour
in the fibrillae. Droplets of the size seen in Fig. 1 are sufficiently
am211 to allow several to be placed in the cross section of a single
fibril and if they occurred within the fibril they ghiould be easily
seen.

Fig. 2 shows a portion of a muscle fiber in which the
amount of fat is mueh greater than that shown in Fig. 1. The érawing
was made from a teased preparation of a human muscle fiber but as
similar conditions are found in some of the preparations made from the
0x, it may be used in this connection. Hemsen's line did not show in the
specimen but its position is indicated by a dotted line. The position
of the small droplets is seen to be similar to those ooomxxxx in Tig. 1,
It will be noticed that none of the droplets shown in the figure
extend =ooross the Z line. At B two droplets are seen to be in close
contact with the Z line on orosite side and in the same longitudinal
line but altho s anewhat flattened by being pressed against the line they
do not flow together to form one droplet. Vhile small @roplets are
seen to accwmlate at the Z line they are almost entirely absent from the
region on either side of Hersen's line (H)e Very few droplets are

intersected by Hensen's line excepting those which are sufficiently
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large to fill up the entire distance between the Z line and Hensen's
line, H. The larger droplets shown are seen to extend aoross Hemsen's
line but do not extend across the Z line. At certain points the 2
line seems to be shoved slightly out of position by a fat droplet.
Droplets in close contact on opposite sides of Hensen's line are not
to be scen a2ltho they frequently occur at the Z line. Altho two
droplets in the same longitudinal line and between adjecent Z lines

as at AA are of frequent occurrence three or more droplets have not
been observed in that position in adult anjmels. When droplets are of
a larger size than the largest shown in the figure they are found to
extend across the Z line. Such a large droplet may sometimes be seen
lying squarely across the Z line. There is a tendency for large
droplets to acowmlate in rows and not to be uniformly distriduted
thruout the fiber. An examination of oross sections indicates that
these large droplets ocour in the sarcoplasm betw:ieéxh Cqpheim's areas
this fact explaining their large size as compared Ax droplets in other
situations. It is observed, however, that small droplets osour at or
neay Hensen's line in the sarcoplasm between the nuscle colums with
some frequency, while amall droplets in such a position between the
fibrillae are of infrequent occurrence.

The sarcolemma osnnot be seen in the preparations used. 1Its
probable position, however, san be inferred from the position of the
fidbrillae ocourring paripherally. Under such conditions it is often
very difficult to be perfectly sure as to the position of a fat droplet.

Fat droplets very frequently seem to ocour Just beneath the sareolemma.
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In this situation small drovlets asswume a vosition near the 2 line,
the condition being similar to that showmm in Fig. 1. Small dronlets
are often observed just beneath the sarcolerma or near the ieriphery of
the fiber when none can be seen near the central axis,

placed

This fact may indicate that droplets deeply in the fiper
are frequently unstained. It mgy indicate that well stained drop~
lets are difficult to see when occurring near the central axis of
the fiber. %?ﬁs caigse magy be especially operctive when the fiber is
slk¢htly contracted, the strﬁ:ion bands in this condition of the
fiber making optical conditions unfavorable. Finally, tl}e anpearance
may indicate the actual distribution of the fat present. A very
careful examination of well stained teased preparation and cross
sections will be necessary before this point can be settled with
certainty.

Fat droplets frequently ocour in the sarcoplasm surrounding
the musecle fiber nuclei. They are sodetimes so small as to be seen
with difficulty. At other times they are two or three microns in
dlameter. At times they almost completely obscure the mucleus. They
are scattered in the sarcoplasm at various distances from the nucleus
and seem to have no definite arrangement., TFat droplets were often seen
in the Miescher's tubules which are sometimes found in the muscle fibers.

The?ﬁ%em fetus examined shows that fat droplets do not
often coeewr gcross the Z line, but that small droplets in the Q line are
of more frequent occurrence than in the fiber of the adult., An agowm-
lation of droplets on either side of the Z line is very Plainly to be

seen however. Droplets are also seen just beneath the sarcolemma and

in the sarcoplasm around the nuclei.
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The relation described between the position of the fat drop-
lets and the strusture of the muscle fiber has been observed
in meny fibers of several animals of different ages and of different
stages of mutrition. (The details as to the anim-1. examined will be
given later). These relations are found btoomriag both in the ox and in
the human muscle fibers examined., XNo instance of marked variation
from the conditions deseribed has been observed excepting vihere
obvious degemerative change was to be seen in the fiber.

The observations just described afford strong evidemce in
support of the opinion held by some investigators that Krause's membrane
(Z line) forms & complete transverse septum between the fibrillae and
between the muscle columns and is attacned to the sarcolemma. They
meke it sean probable that Hensen's line does not extend between the
fibrillae. They afford smme evidence in support of Haycraft and leigs

view thot the fibril has a somevhat beaded form, with the widest trange

verse diameter at Hensents line.

Valbaum's idea that fat droplets within the fiber are some-
times formed by fatty metamorphosis of the fifbrillae, and therefore,
correspond to the striation bands is not in accord with the view
here expressed. Acéording to recent observations made by Arnoldthe
glycm',:;xiaf{louliled assoc iated with the sarcosomes In some of the musele
fibers of the frog assumes a position in the J band between the fidrillae
tnd close to the Z line. This may be taken as affording same confirmatory
evidence in support of the observations here presented concerning the
relaetion sastebbmgr between fat droplets and the structure of muscle
fibers. So far as is to be seen from the literature this relation has
not been previously observed. This is probably acscounted for by the fact

that small fat droplets are left unstained by the staining solutions

in common use.
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Occourrence of Tat in the various Animsls Studied

The extent to vhidh fat is found to occur in the musecle fibers
f the various animals studied will now be considered. For = more de-
tailed statement concerning the nutritive condition of the various ani=-
mals studied reference mgy be made to the table of material previously
rresented. All preparations described are of teased fibers unless other=—

wise stated.

Animal No. 48. TFat gff steer, three yeers old, full fed two years:

Diaphragm, 3 preparations. Droplets which can be seen with-
out the use of the o0il immersion lens occur between the fibrillae in
about 5 to 10 per cent of the fibers. The droplets are present in
considersble number in each fiber in which they occur. They occur most
frequently in the J band, Uroplets are found in the sarcoplasm around
the nuclel in same of the fibers. llost of the flbers seem to be free
from fat and where it ocecurs around the nuclei it is absent from
around Izlzynuclei of the fibers. No degenerative change is to be
seen in any of the fibers, An examination of oross sections is con-
firmmatorypf the description given for teased preparations. No droplets
are to be geen within the fibrillae.

Vastus Internus, 1 preparation. Fat droplets are to be seen
without the oil immersion in a few fibers. Examined under 1-16 ingh oil
immersion lens very fine fat droplets are seen to occur in the J band,
They are of most frequent ococurrence near the sarcolemma but are oftem
placed necr the central axis. They are not evenly distributed along

the length of the fiber but occur in places in large numbers and are
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entirely absent from other situations, llost fibers seem to be entirely
free from fat droplets. They are occasionally seen around the nuclei,
Fibers showing the presence of fat droplets are not seen to differ in
other respects from fibers arparently freefrom them, Fige. 1 was made
from this specimen.

Inferior obliz.c of eye, 1 preparation, 1-12 oil immersion lens

used. Fat droplets :re of very infrequent occurrence. They are seem
Just beneath the sarcolemma and around the nuclei in a few fibers. The

preparation seems not to be well stained.

Animal No. S, very fat ateer, 3 years old. Full fed two years.

Diaphragm, 10 preparations. The amount of fat in the fibers
is very large. lost of the fibers show fat droplets along their whole
length. llany fibers are loaded with large fat droplets. Some droplets
axle so large that they extend across several striation bands, while others
are very small., A few fibers show very little fat but nearly all
show some.-m Degenerative changes of the nuclel scem to be
present in a few of the fibers. A definite relation of the droplets
to the striation exists. A eross section from this sample is show ih
Fig. 3.

Psoas, 2 preparctions, 1-12 oil immersion lens. The amount
of fat is very small. Small droplets are to be seen around a few

pon et

nuclei. About 95X of the fibers show no fat droplets,

Intercostal muscle, 1 rreparation. A few droplets are to be

seen around some of the nuclei. Exsmined with Yo. 7 objective., About

70 per cent of the fibers show no fat droplets.
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Superficial museles of beck of neck: 1-12 o0il immersion lens.

A few small drcplets are seen around some of the muelel and between
the fibrillae in a few fibers. About 70 per cent of the fibers show
no fat droplets.
Alrn

Animel No. J, fat o, 3 years old:

Diaphragm, 1 preparation, oil immersion: TFine droplets are
seen between the fidbrillas snd around the nu€lei of a few fibers. 4
very small muiber of fibers show droplets as large as two or three
microns. A very few fibers show tiickenings in places and such fibers
contain the largest fat droplets.

Rectus gbdominis, eross secticn: 1-12 0il immersion lens. Small

droplets are seen around the nuclei in a few fibers. Occasionally

fine dronlets are found between the fibrillase.

Animal No. U, fat steer, 3 years old.

Diaphragm, 3 preparations, 1-12 oil immersion lcns. The number
of fat droplets is large in some fibers; others show none at all. Some
of th- droplets have a diameter of three or four microns. Eany of the
fibers showing no distinct droplets have a red:ish color,.

Erector spinae, 2 preparations, o. 7 objective. liany -f the

fibers are of 2 redish color. The nuuber of fat droplets is very small.

Some droplets are seen around the nucleus.



Animal llo. 2, fat steer, 3 years old:

Diaphrasm,Xo. 7 objective, 1 reparation: Tat droplets are to
be seen in only a few of lhe fibers. The droplets are usually small but
a few fibers show large droplets arranged in rows for short distances

along their length. A few droplets are found around the nuclei.

Animal No. 63, thin milk cow, 6 years old:

Diaphracm, 2 prenarations, 1-16 oil iimersion lens: A few fine
dronlets are to be scen in about one-third of the fibers »resent,
Droplets are frequently seen around the nuclel vwhen none are present in
the fibers elsevhere. A few fibers show the presence of a large number
of droplets from one to two microns in diameter. The droplets in these
fibers acocwmilate near the Z line . o degenerative changes are seen,

Psoas, i oreparation, 1-16 oil imnersion: A4 few droplets,
sometimes 3 microns in diameter, are to be found around some of the
niclel and between the fibriilae in a very few fibers. Between the
fibrillae the smaller droplets are near the Z line when this line is to
be seen. Small droplets are found near the sarcolemma in some fibers

wheme none are sceen at the central axis.

Animal 591, very thin steer, 15 months old:

Adductor, 6 preparations, 1-16 oil Immersion len:&: About

e

203?:1‘ the fibers show thickenings along their length. The droplets in
all such fibers are usually very large, some of them being 10 to 15
microns in diameter. The larget droplets are seen just beneath the
sarcolerma, The fibers show degenerative changes in the nuclei and
in the fibrial],g. The fibers showing no thickenings along their

length also contain fat in a large amount. It occurs in droplets fram



2 microns to 3 microns in diameter. The droplets are distributed zlong
the entire length of the fiber with great uniformity and are in almost
every fiber present. The small droplets accumulate at the Z line. No
dezenerativm change is to be seen excepting In the fibers with thickened
nodes along their length. In cross section these fibers show a rounded
outline, The amount of fat in this sample is much greater than in

any of those yet described, with the exception of S, diaphragm,.

Brector sninze, 2 preparations, 1-12 0il immersion lens. The

condition in these preparations is closely similar to that noted in
Adductor 591, Wi th the exception that fibers showing thickenings are
only about one-half as munerous as those in the sample just mentioned.
The amount of fat in the other fibers is also much less. Cross sections
show rounded fibers,

Lattissimus Dorsi, 1 preparation, 1-12 oil immersicn lens. The
nurber of fibers with thickenings along their length 1s very great and
there is 2 large amount of fat in nearly all the fibers. The condition

“Tha
in these fibers is closely similar to that in the fibers of,\AdductorogSQL

Animal 597, moderately thin steer, 17 months old:
of Thagh . %" .

Addustor, 1 preparation, Zeiss apochromatic: The emount of
fat in the fibers is small. Droplets are seen around the nuclei and
between the filbrillae. The droplets are small and are most numerous
Jjust beneath the sarcolema. Thay are close to the Z line. No degener-
ative change is to be seen. Droplets are not evenly distributed along

the entire length of the fibers
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Erector, 1 rnrenaration, Zeiss apochromatic: This areparation
is similar to the one Just described. The zmount of fat is sm211. The

dronlets are very small,

Animal 593, fat steecr, 16 months old:

Adductor, 2 preparationa; Psoas, 2 preparations, Zeiss apochro-
matic: The amount of fat in the fibers of these samples is very small.
lost of the fibers seem to be free from fat. The droplets are small and
oceur around the nuclei ahd between the fibrillae at the Z line. The

amount of fat in the adductor is slightly greater than that in the psoas.

Animal 592, very thin ox, 21 months old:

Diaphragm, 2 preparations, 1-12 oil irmmersion lens: 4 large
number, perhaps mgho;wfibers, are thickened along a considerable
part of their length. The amount of fat in such fibers is large
but very much less than was observed in the same kind of fibers in
591. The thickened or rounded fibers often show degeneration changes.
The amount of fat in the other fibers of the preparation is small,

Rectus abdominis, 1 preparation, 1-12 oil immersion lens:

This preparation is similar to the one last desoribed. The n mber of
rounded fibers and the amount of fat is somewhat less, however,

Biceps femoris, 1 preparation, 1-16 oil immersion. A few fine
droplets are seen in a amall percentage of the fibers. They are placed
around the nuclei and near the & line,

Masgeter, 1 preparaztion, cross section, 1-12 0il irmersion

lens: A very few finé droplets are scattered irregularly in a few fibers.

The amount of fat is very small.
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Animal No. 595, thin steer, 21 months old:

Diaphragm, 2 preparations, 1-16 0il irmersion lens: There are
meny fibers with thickenings zlong part of their e-urse. The amount of
fat in such fibers is greater than that to be seen in 592 but less than
thet found in 591. The other fibers contain few fat droplets.

Rectus ebdominis, 3 preparations, 1 cross section, 1-12 oil

immersion lense These preparations ere similar to those of the
diaphragm of\the same enimzl.

Psoas, 2 preperations, 1-12 oil immersion lens: There is a
considerzble amount of fat in a few fibers., OSmall droplets are seen
around the nuclei end near the Z line.

Castrocnemiug, 1 preparation, eross section, 1-12 0il jmmersion

lens. A few fime droplets are just under the sarcclerma and near the

nuclei. Occasional droplets are near the long#triinal azxis of the fiber.

Animsl 504, fat steer, 21 months old.
Diaphregm, 1 preperation, 1-12 oll immersion lens: Poorly
stained droplets are found in 2 few fibers. They seem t- be absent

from most of the fibers.

Pectoralis Anticus, 1 preparation, No. 7 objective. Fat

droplets are to be seen around a few nuclel. XNone are found in other
si tuationse.

DPsoas, 1 preparation, Erector spinse, 2 preparations, 1-16
0il immersion lens: A few roorly stained droplets seem to be placed

Just beneath the sarcolemma but their identification is doubtful.
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Animel No., 5970, fat steer, 2 years old.
Erector spinae, 1 preparation, Zeiss epochromatics A few small

droplets are found around some of the nuclel and between the fibrillee.

Animel No. 5971, fat steer, 2 years old.
Erector spinae, 1 preparation, Zeiss apochromatic: The

condition is similar to that of the specimen last described.

O0x Fetus No. 1. 7 months old, 60 centimeters long.

Diaph: » 1 preperation, Psoas, 1 preparation; Erector

spinee, 1 preparation; Zeiss apochromatic: Isolated droplets of small
size are to be seen near the Z line, and & few ocour in the Q band.

Most of the droplets are situated just under the sarcolemma, Their occurr—
ence in other situations is very rare. Droplets are found in the sareo-
plasm near two or three nuclei. The amount of fat in these preparations

is less than that in any of the preparations of the adult with the

exception of Bteer No. 504,

0x Fetus No. Z°FH term.
Diaphragm, 2 preparations; Rectus abdaminis, 1 preparation;
Psoas, 2 preparations: Most of the fibers in these preparations are
fetus Pen vk
aimilar to the fibers of sembegxNo. 1. About 5% of the fibers show a
very large amount of fat evenly distributed along their length., The

droplets in these fibers occur near the central axis with as great

frequency as they do parirherally. Small droplets are most mumerous near
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the Z line but frequently occur in the Q band. Droplets are found

around a few nuclei.

Autopsy !'o 90} humen femzle, very thin, age 60 years,
Diaphregm, 1 rreparationg Psoas, 1 preparation, 1-16 oil
euuwx
immersion lens. About IO;Y of the fibers sho = large droplets arranged in
rows. These droplets are usually large and take up the entire distance
o
between sdjacent Z lines. The rows are short andadistributed irresularly

over the surface of the fiber. A fe droplets are seen near the central

axis. Degemerative changes are seen in many nuclei.

Autopsy Yo. 91, humen female, age €0 years.

Diaphragm, 6 svecimens, 1-12 il immersion lens, and Zeiss
apochr matic: In a few fibers very little fat is seen. The fibers
ugually show fat along their entire lemgth. The droplets are large,
ocour in rows, and are limited by adjacent Z lines. llany medium sized
and small droplets are found near the Z line. Droplets occurring unear
the central axis are as numerous as those ococurring rgri haerzily. The
amount of fat in this sample is greater than thab of .ny sample examined,

Rectus abdominisg, and Pscas, 2 preparations, 1-16 o0il imnersion:

The fibers in thess prepcrations are similar to that of the fibers

in the diaphragm. The amount of fat Is much less, however.

As is seen from the data given sbove, there is a wide variation
in the anount and position of the fat within the muscle fibers. The
geriation exists in individuala,in muscles of the same individual, in

fibers of the same muscle, and in parts of the same fiber. It is



diffieult, therefore, tc draw conclusions from the data obtainable.

Animals 591, 597 and 593 are growing animals at a proximately
the same age and are on different nutritive planes. Animals 592, 595
end 504 form a similar group, the individuels of vhich are about six
months older then those of the first group. The amount of fat in the
fibers of the thin animals of each ¢rcup is greater than that in the
fibers of the fat animals. This ‘g due largely tc the amount of fat in
fibers with thick%ninil?ifi rler: th, These fibers show a rounded outw
line in eross sections. The rocunded fibers are of much more frequent
ocourrence in the thin animals than in the fat enimals. Such fibers
are numerous in progressive muscular atrophy and are regarded by
Schaffer, Panpenheimer and others aa of pathological significance,
Fibers showing a rounded outline, however, are often the result of
contraction which sametimes occurs when & fresh sample is oput into the
fixative. With the exception just discussed the amount and position
of fat in the musele fibers of growing animals seems to be independent
of the nmutritive cordition of the animele. In aninal 591 there is =
large amount of fat in fibers not showing a rczt.,:?ed outline in e¢ross
section. The amount of fat in these fibers is no greater, however, thaf’h
that found in the fibers of some of the adult fat animals,

Animal 63 is the only thin adult examined. This animal was
not as thin as 591 and 592, Rounded fibers were found very infregquently
¢n samples from this animal, The muscle fivers did not differ in the amount
of fat from those of several of the adult fat animals., The fibers of the
dizphragm of the very fat 3-year old steer S5, show an amount of fat that
is probably to be regarded as path}:&:ﬁ.cal and as somewhat similar to a

condition of obesity existing in the individual. Fig. 3 was dravn under

low power from & frozen section made from this sample., Other samples
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hgve a very amall amount of fat in the fibers. Isolated fibers showving
fat in a very large amount were 2lso found in several of the other
animals,

The above facts are, witl the exception of the large amount
of fat founc ian rounded fibers of thin animals, in accord with the
observation. of Talbaun that there is no relation between the
amount of fat in the muscle fibers and the age or nutritive condition
of the animal,

The amo.nt of fat found in the fibers of the diaphragm is
equal to, or greater than, that found in other muscles. This is in
accord with the observziion of valbawn that the fibers of active muscles
contain more fat than is found in the fibers of less active mscles.

The finding of fat droplets within scme of the ruscle fibers
of each of the fourteen animals from which samvles were taken is not in
accord with the observations of Kemp end Hall; who found no fat vhieh
could be microscopically demonstrated within the muscle fibers of cattle,
It is probable that the results obtained by these investigators are to
be accounted for by the fact that their preparations were stained with
the commonly used solutions of osmic acid, Sudan, and Scarlet red.

The occurrence of fat within some of the muscle fibers of
a seven months ox fetus and of a full term ox fetus is not in acoord
with the observations of Kaineth and of 3ell. The former investigator
found no fat within the mscle fibers of the twenty centimeter fetus
end subsequent siuges; the latter found no fat in the muscle fibers after

the twenty-sixii centimeter stage.
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In conclusion it mey be sald that fat which ecould be
microscopiocally demonstrated was found in considerable amounts within
meny of the muscle fibers of each of the fowurteen cattle examined, The
occurrence of fat in smmll droz;lets in fibers showing no degenerative
chage 1s probably of little or no pathologicel significance. With the
exception that fibers regarded as pathological and containing large
fat droplets ocour with greater frequency in thin animals, no simple
relation is found between the gmount of fat in the muscle fibers and

the age or nutritive condition of the animal,
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IV Changes Which Occur During Fattening, Grovdh,axﬂ Insnition

Histological changes occurring in inanition are much more
easily controlled in the lsboratory than are changes due to growth
and fatteninge. This probably ascounts for the fact that while the
former changes have beem the subject of munerous investigations, the
latter have received comparatively little attention. MeCallum (1898)
counted the fibers found in the sartorius muscle of the human fetus at
various stages of developnent, He found no inorease in mumber after
the 170 mm, stage. The work of this observer has met with)( general
acceptance and most authors believe that the number of rmscle fibers
is, under/ normel conditions, approximeiely constant after birth.

According to the observations of Schaffer the fibrillae of
e mascle fibers of the late :;}t;g correspond to the mscle columms
of the adult. Pappenheimer observed no marked decrease in the size of
the fibrillaee in muscular atrophy. The relation existing between the
myober of fibrillae amd the amount of sarcoz)laSﬂﬂ was observed to be
constant « He thought it probable that the number of fibrillae
often changed during adult life. An exsmination of the fibers of a
late ox fetus (No. 2) make it seem probable that the number of

fibrillae is much greater in the adult animal than in the fetus,



The size of the fibers in the very thin animals 891 and 592
is much less than that of the fibers of the moderately fat and of the
fat individuals of the same age. A corresponding differense in the
size of the fibrillae is not found, howevere. No differensce in the
size of the fibrillae due to inanition are to be observed with
certainty.

The following table gives a few measurements of muscle
fibers and of intra-rmscular fat cells. The figures for the mmscle
fibers of 591, 597 and 593 are from an average of one hundred
measurements. All other measurements were mide by selecting under
low power what seemed to be averaged sized muscle fiber or fat cell,
The cell or fiber so selected was measured, a number 7 objective and
number 2 micrometer eye piece being used. The measurements were
taken from 6ross sections mede with the freeziny icr tnf?sg'. For details
as to the age and condition of the individual animals the table of

material may be consultedp
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S
Diameter of Fat Cells and luscle Fibers (micron)

Erector Pgoas Diaphragm Adductor Biceps
Spinae Femorils

Fat luscle Fat Iuscle Fat 1lMuscle Fat 1uscle Fat Muscle
Cells Fibers Cells Fibers Cells Fibers Cells Fibers CellsFibers

592 Max. 25 50 I35 50 37 73 30 60
Very thin

21 months old Ave _12 36 25 27 18 35 _ 15 44
595 lMex 64 65 00 65 100 70 75 90
Moderately thin

21 months old Ave 25 43 53 37 65 48 40 75!
804 Max. 95 60 90 82 110 70 110 85
Fat

21 months old Av. 70 38 60 32 70 50 70 63
48 Maxe 100 82 100 120 90

Fat

3 years old Ave _T70 50 62 79 67

Jerry laxXe _98 75 110 70 110 80

Fat

3 years old Av. _60 A6 70 48 _J 72 58

63 llaxe 95 73 92 62 95 90

Thin

6 years old Ave _56 43 55 40 68 50

591 llaxe _76 56 75 76

Thin

16 months old Ave _37 35 \ 37 39

897 llaxz. _87 72 88 75

Wderately thin

16 montha old Ave _46 49 46 43

593 Nex. 95 69 63 72 .
Fat

.6 months old Ave 82 48 55 48
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On account of the great variability in size all estimates
of the diameter of muscle fibers, based on measurements of single
fibers, are thought by many observers to be of nc value whatever,
Such measurements cannot indeed be regarded as very accurate, but
the figures given in the table point to certain conclusions with
some probabilitye. The diameter of fibers of the diaphragm is greater
than that of fibers of the Psoas. The fibers of the erector spinae
ocoupy an intermediate position. The fat and the moderately thin
individuals do not differ appreciably in the sixe of their muscle
fiberas. The muscle fibers of the very thin animals are markedly
decreased in size, The fat cells of moderately thin individuels
are considerably smaller than those of fat animals smd the diameter
is much less in the very thin individuals. The following date show
the effect of inanition on the size of the muscle fibers, amd the
rapidity with vhich the fibers are restored to their nomal size
when the individual again receives proper nourishment.

Animal No, 529, age 5 months, weight 2082 lbs, was kept
at constant weight for 7 months. At the end of this period a small
sample of the biceps muscle wes taken by operation. Fig. 4 shows
a drawing under oamers lucida of the fibers of this sample. The
average diazmeter of the fibers is 20 microns. The animal was Mill
fed for fourteen weeks, after which a sampde of the biceps musocle
wes agein taken. The fibers of this sample are shown in Fig. 5.
They have 2n average diameter of 50 micronse

Animal Noe 527, full fed, age one year. A sample of the

biceps rmuscle of this animal was taken by operation. The diameters
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of the fibers is 50 microns. The fibers are shown in Fige, 6. A
comparison of the measurements and figures shows that the fibers
of the thin animal returned to nommal size when proper nourishment
was received.

The table shows that fat cells in moderately thin
animals are of less diameter than those in fat individuals of
the same age. The musele fibers, however, show no decrease in
diameter excepting in the very thin animals. The fact is well
established by physiologists and pathologists that in inanition the
commective tissue fat of the body is called into yse sooner and to
a greater extent than the protaplasm. The above observations are
in accord with this fact. It seems probable that the muscle
fibers of thin animals quiokly return to their normal size in the
first stages of fatteming, The amount of intramuscular fat
probably ocontimues to increase for scme time after the fibers

have attained their normal sizee
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Y Conclusions.

The prineipal conclusions drawn in this paper may be
summarized as follows:

I TFat which can be demonstrated microscopically is found
within many of the voluntary muscle fibers of cattle. Small fat
droplets in muscle fibers showing no degenerative change are
probably not pathologicale.

II From the distribution of the fat droplets within the
fider, the following inferences are made conserning the structure.
Krause's membrane foms a complete transverse septum across the
fiber, but Hensen's line pmbebly does not. The f£ibril prodably
has a somewhat ){eaded form, there being more sarcoplasm in the
neighborhood of Krause's menbrene.

III Under norma=l conditions, there is no simple relation
between the amount of fat in the ruscle fibers and the mutritive
condition of the animal, Muscle fibers of thin enimals are
reduced in size, but guiekly regain their nomal dimensions when the

animal recelves proper nourishment.
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VII Explsnation of Figures.

Figare{I was mzade with a 1-16 inch o0il immersion lens arnd No. 4 oculare. A
few fibrillae from a muscle fiber of the vastus intermus of fiimal 48 are
shown extending longitudinally in the direction a.a. The striation bands
are lettered according to Rolle{': s teminology. The fat droplets are
stained red with the modified Herxheimer's stain, formalin fixation.

Figure 2 was made with a 1-16 inch o0il irmersion lens and No. 4
ocular. It was teken from a muscle fiber of the diaphragm of ,z:topsy 91
(humem ). The striation bands are lettered as in Fig. 1. The position
of Hensen's line is indicated by a dotted line (H). The fat droplets
are stained as in Fige 1, They are most numerous near the Z line, and
least numerous near Hensen's line H, The large droplets are intersected
by the line H but no droplets are intersected by the line Z,

Figure 3 was maede with a Noe 3 objective and No. 4 ocular. It
shows a oross section of 2 few muscle fibers from the diaphragm of

o ﬁxmal S. Fixed in aloohol-formalin, and stained as in Figse 1 and 2.
The pink color of the fibers indicates that they contain many fine fat
droplets which caibe seen only with a higher magnification.

Figure 4 shows a cross section of muscle fibers takem by
operation from the biceps femoris muscle of a one year old steer which
had been kept at constant welght for eight months, TFormalin fixation.
Magnification 475 diameters.

Tigure 5 was made from fibers of the same rmscle as those in
Fige 4 after the animal had been full fed for 14 weeks. Formalin fixation,

Magnification 475 diameters.

Figure 6 shows a oross section of muscle fibers takem by operation
one yeax

from the biceps muscle of a JWCWEESES o0ld steer that had been full fed from

birthe Formalin fixstion, magnified 475 diameters,
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