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Studies on the Growth of Skeletal Muscle Fibres. 

It is Down that an adult muscle grows to many times its length at birth, 

and much if not all of this post -natal longitudinal growth is the result of increase 

in length of the component muscle fibres. The object of these studies is to 

determine the site, or sites, on a skeletal muscle fibre at which this growth 

in length takes place. 

Schmidt (1927), in a long paper on the subject of histogenesis of muscle 

fibres, surveys the literature on the subject up to that date. A number of 

other early workers are cited by Crawford (1954). All believed that the 

area of sarcoplasm between the terminations of the myofibrils, and the 

attachment of collagen to sarcolerruna, was the site of formation of contractile 

tissue. Spiedel (1934) observed the muscle fibres in the tadpole tail, 

directly, over prolonged periods of time, and came to the conclusion that the 

site of active growth in length is this undifferentiated zone of protoplasm at the 

muscle tendon junction. 

The subject has been studied experimentally by Crawford (1954), who 

investigated growth in the tibialis anterior muscle of the rabbit, marking the 

muscle belly at intervals, either with indian ink spots on the surface, or by 

inserting loops of tantalum wire; the second method had the advantage that the 

positions of the wires could be followed by x- raying, so that a number of 

results could be obtained before the animal was sacrificed. 

Both methods used by Crawford showed more or less even separation of the 

markers, but as he pointed out, while this indicates that interstitial growth 

occurs, the same conclusion may not be applied to the individual muscle fibres 
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themselves, since thesd may not extend through the whole length of this 

muscle; its interstitial growth dould therefore result from growth at the 

enis of the component fibres and some rearrangement of their position. 

The muscles of the rat h._ve been found to possess simple arrangements 

of their muscle fibres, and in the present studies, growth of these muscles 

has been studied with tantalum wire markers. 

Material and Methods 

1. Methods used to study the arrangement within muscles of the 
component muscle fibres : 

a. Position of motor end -plates. 
b. Investigation of the number and arran,ement of muscle fibres 

within muscles. 
c. Isolation of individual fibres. 

2. Experiments with wire markers. 

3. Determination of sarcomere length at different ages. 

1. Methods used to study the arrangement within muscles of the component 
muscle fibres : 

a. Position of motor end- plates : 

These were demonstrated in complete muscles by two methods, each 

showing the sites of cholinesterase activity. 

For the first, a modification of Koellets acetylthiocholine technique 

was used. The muscles to be studied were fixed in situ with formalin, 

if possible by perfusion. For Mammalian tissue, the length of fixation time 

was not critical, add two hours was usually taken as a minimum. The muscles 

were then thoroughly cleaned of their fascia, and were washed in distiLed 

water. They were then immersed in the incubating medium, which for 



Mammalian muscles consisted of an acetylthiocholine solution with copper 

sulphate and glycine, the pH maintained at 4.5 with an acetic -acid - 

sodium-acetate buffer. Incubation was at room temperature, for at least 

two hours and preferably overnight. After satisfactory incubation the endplates 

could often be s;cen as small white dots. Following incubation, the muscles 

were again washed well i:i distilled water, then dipped into a 5jo ammonium 

sulphide solution until the end -plates were prmminent as black spots - usually 

twenty seconds was adequate. After a further thorough washing, the specimens 

were stored in lOjo forrnalin or in glyderine. 

The second method, Lewis's (1958) azo -dye coupling technique, gave less 

striking contrast in gross specimens, but appeared to provide more consistent 

results in tissues obtained from cold- blodded animals. 

b. of the number and arrangement of muscle fibres within 
muscles : 

The number of muscle fibres in transverse sections was determined by 

fixing the muscle in situ, dissecting free the surrounding tissue in a thin 

layer with the muscle itself, dehydrating in, graded alcohols to 95í0 ethanol, 

clearing in Terpineol overnight, embedding in paraffin, and cutting sections 

at 10 jt transversely to the long axis of the muscle fibres. Sections were 

stained by Wilder's reticulum method, and the number of fibres present was 

counted by projection. 

The average fibre diameter in a cross section was calculated by projcctiu 

the section on to thick drawing paper of uniform weight, and outlining bundles 

in which there was no space between the muscle fibres. The groups outlined 

were then cut out and weighed, and the average fibre diameter found by calculation. 



c. Isolation of individual fibres : 

This was carried out from strips teased from frog sartorius, and from 

the anterior latissimus dorsi muscle of the chick, after the strips had been 

stained by Lewis's method. The strips were teased into smaller and smaller 

bundles under a dissecting microscope with transmitted light, using fine 

pointed forceps or glass needles. 

2. Experiments with wire markers : 

Rats were operated on when three to four weeks old. At this age the 

muscles are of sufficient size to retain the wire inserts, and considerable 

growth in length occurs over the next three months. The animals were 

anaesthetized with intraperitoneal sodium amytal after light chloroform. 

The initial series of experiments were designed to find the most suitable 

type. of marker. Tantalum wire, 0.08 mm. in diameter, was used; it was 

supplied with small round -bodied needles attached. The muscles selected 

were sterno -hyoid and anterior gracilis, both being easiiç accessible, strap - 

like muscles with parallel fibres, attached either directly or by brief tendons 

to bony points whose sites could ba ganged from x -rays of the part; this last 

point was confirmed by inserting pieces 6f wire into the muscles as near to their 

attachments as possible and thenx- raying. Sterno -hyoid was approached through 

a mid -line neck incision, the fat and glands being pushed to either side to expose 

the muscle. Anterior gracilis was exosed by an incision down the medial aspect 

of the thigh. Connective tissue was reflected as far as po6sible without 

injuring the muscle fibres. 

The markers used in the initial series of experiments were either loops of 

wire knotted outside the muscle; or small lengths of wire, anchored by bending 



the ends of the wire round the edges of the muscle, or with the ends cut short 

so that the marker became completely immersed within the muscle. A siegle slip 

of wire needs some point from which measurements can be taken, and some means of 

anchoring within the muscle, and both these requirements were met by tying a small 

knot in the middle of the piece of wire before insertion. 

While all the markers used appeared to behave more or less in a uniform manne ;, 

the loop types presented certain theoretical disadvantages. A tight loop will 

constrict the muscle fibres round which it passes as these increase in girth, 

and a loose loo;: would be liable to tangle with surrounding structures which might 

impdde its movement, and also by its mobility would make it difficult to find 

a fixed point from w1lch to take measurements. Similarily, the strip of wire 

bent round the edges of a muscle might constrict fibres and foul surrounding 

structures. The type of marker in Plate 12 - a single short stril of wire 

with a knot in the middle, completely immersed within the muscle, - was selected 

and used in subsequent experiments. 

3. Sarcomere length at different ages : 

This was determined with the electron microscope for the muscle of a..seven- 

day old rat and a young adult. Tissue was taken from the anterior gracilis, 

fixed in situ with osmic acid, adjusted to pH 7.2 with veronal- acetate buffer 

(Palade - 1952), which was applied through filter paper strips above and beneath 

the muscle. After five minutes fixation in situ, the sections of muscle were 

dissected free and cut into small pieces which were further treated with osmic 

acid solution until the total length of fixation was one hour. Fbilowizig 

fixation, specieens were washed in chilled 10¡ ethanol, dehydrated rapidly in graded 

ethanol, and embedded in methacrylate. Thin sections were cut with a Porter -Blue 

"Serval]." microtome using a glass knife, and were examined with a Metropolitan- 

Vickers E. 14. 6 electron microscope. 



Results. 

1. Fibre arrangements within muscles : 

a. Positions of motor end -plates. 
b. Fibre number and arrangement. 
c. Isolation of individual fibres. 

2. Experiments with wire markers. 

3. Sarcomere length at different ages. 

1. Fibre arrangement within muscles : 

a. Position of motor end -plates : 

Most of the rat muscles- studied possessed a single band of endplates - 

across the mi .dle of the muscle, transverse to the loag axes of the fibres. 

A few muscles - gracilis anterior, biceps femoralis, caudo- femoralis, and 

as was later discovered, F terno -hyoid - have two endplate bands transversely 

across the muscle, fairly evenly separated from one another and from the 

muscle attachments. 

In the muscles of larger Mammals, the endplates tend to be scattered, 

though single bands are found across some of the shorter muscles. Tibialis 

anterior of the rabbit, used by Crawford in his taitalum wire experiments, 

is illustrated in Plate 5 and can be seen to have several broken bands 

of endplates running over its surface. 

b. Fibre number and arrangement : 

Sterno- mastoid was chosen as a muscle with a single band of endplates, 

and the total numbers of fibres present in transverse sections 500 iu apart 

along its length, were counted. The results, shown in the upper graph on 

Plate 4', shows that the number of fibres remains remarkably constant through 

most of its length. 
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The results from similar counts with a two -band muscle, anterior gracilis, 

are shown in the lower graph on Plate 4. Here, the plateau of the graph is 

interrupted by a central peak, which does not however ascend to twice the level 

of the flat portions of the graph. 

The average fibre diameter was calculated for sections of anterior gracilis. 

A group of sections was taken from near each end of the muscle, and from the 

central peak area, and the results are shown in the accompanying table. The 

average fibre diameter falls markedly at the part of the muscle where the number 

of fibres increases to give the central peak of the graph. 

c. Isolation of individual fibres : 

Fibres were isolated from the frog aartorius after strips of the muscle 

had been stained with Lewis's method to show the sites of cholinesterase activity. 

The sartorius of the frog is described by physiolo_.ists as having fast fibres only, 

and each muscle fibre is said to extend from one attachment to the other and to have 

two motor end -plates commonly, though in some instances three and even four have 

been re orted. In the fibres isolated in these preparations, only two endplates 

were seen, but these were in the outer thirds of the fibres, which in many cases 

were almost the length of the whole muscle. 

Single fibres isolated from the anterior latissimus dorsi of the chick were 

found to have many sites of cholinesterase concentration along their length. 

Because of the large proportion of tenacio.s cannective tissue, it was not possible 

to isolate more than short lengths of each fibre, bat from the larger muscles, 

lengths of fibres up to 2 cm. were obtained. Muscles were taen from birds aged 

two, four, eight, and sixteen weeks, and tie number of endplates on each fibre was 

counted, and the average distance apart calculated. The results are given in 

the accompan igg table,,and graphs are also presented to show the Variation in 

distance between endplates, and the constant ratio of average distance between 

endplates to muscle length. 



Length of Age of Number of - Average Interval 
Muscle Chick Endplates between Endplates 

(weeks) counted (in p) 

1.8 cm. 2 

3.2 cm. 4 

4.1 cm. a. 

7.1 cm. 16 

97 225 

159 390 

15 565 

8 910 

Chick - Anterior Latissimus Dorsi 

(This work was carried out in collaboration with Dr. B. L. Ginsborg). 



Average Fibre Diameters in Transverse 

Sections of Anterior a acilis. 

The average fibre diameter was calculated for four sections from the level 
portions at each end of tiEf, graph on Plate 4; and eight sections from 
the central raised part of the graph. 

Total No. of Total Wt. in Average cross -sectional 
fibres counted mgm. fibre area (sq. p) 

350 1105 52.2 
Pubic 

End 442 1390 52.1 

453 1460 53.4 

590 1955 54.0 

762 1680 35.9 

Central 757 1620 34.9 
Peak 
Area 583 1340 38.0 

738 1630 36.6 

932 2220 38.8 

883 1930 35.1 

804 1905 38.6 

850 1920 36.8 

513 1470 47.5 
Tibial 
Ind 574 1600 46.2 

406 1150 47.0 

459 1290 46.6 
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2. Experiments with wire markers : 

In the initial series of experiments, eleven rats were used, and in each, two 

wire markers were implanted in the anterior graci!is and two in the stern- hyoid. 

The animals were x -rayed shortly after the markers had been introduced, and 

thereafter at weekly intervals until they were fourteen weeks old and had undergone 

tïieir period of most rapid growth. The markers were inserted transverse to the long 

axis of the muscle, but as growth took place some tended to swing round till they 

lay longitudinally. 

Results were charted in two ways. X -rays (ùn small dental filme) were placed 

between two sheets of glass and projected with a photographic enlarger onto 

sheets of paper. Prior to this, the positions of the muscle attachments had 

been marked on the x -ray with ink or by scratching, and they could then be seen 

clearly on projection. 3 base -line was drawn on the paper, and the origin 

attachment placed on this. Magnification was constant, and in each case the 

positions of the markers and the insertion attachments were marked. This was done 

for each of the weekly x -rays, and the results graphed. It was seen, by the time 

the animals had reached the age of about ten weeks, that the changes taking place 

in the positions of the markers were fairly regular, and therefore that wekly 

x -ray was unnecessary. It was therefore decided to take one more film four 

weeks later, to end the series. 

The results showed that the markers wee separating fairl, evenly from one 

another and fro;;the ends of the muscles. The lines connecting the markers on 

the graphs are fairl straight, but now and again there is an apparent anomaly 

where the total length of the muscle on one reading is les.. thanthat on the 

previous reading. The length id affected by flexion or extension of the joints 

of the part, even when the animal is relaxed under chloroform as was the case 

when the films were taken. 



These irregularities do not show if the x -rays are projected so that the 

two ends are a constant distance apart - 10 cm. was arbitrarily chosen as 

the distance - and the markers put in in relation to the ends of the muscles. 

If the markers are separating evenly from one another and from the ends of the 

muscle, they will on this seami type of projection remain at constant distances 

from one another and fro::the muscle attachments. This did appear to be the case, 

though the mobility of the loop type, and variation in the points from which 

measurements were ta:en, p roduced irregularities. The most consistent results 

were obtained from the small type of markercbmpletely within the muscle substance, 

and this type of marker was used in all subsequent experiments. 

Twent four rats were then taken, twelve males and twelve females, and in 

half the anterior gracilis was used, and in half sterno- hyoid. Four markers 

were placed in each muscle. The rats were operated on when three to four weeks 

old usually, and were x -rayed shortly after the introduction of the markers, 

and then again on two occasions at intervals of four to five weeks. The results 

were recorded by the second method described above, where the muscle ends are 

brought to a constant distance apart in projection. Instead of marking the whole 

length of the muscle attachments on the films, tie midpoi4t only was represented. 

results again show that the markers are separating evenly from one another, 

maintaining their positions relative to themselves and to the ends of the muscle. 

After these experiments had been carrie '. out, it was found that sterno -hyoid 

has a second band of endplates deep to the sternum, and diesedtion, together with 

cross sections of the lower parts of the muscle, showed that in its lower extent it 

is no longer a strap muscle; the outer fibres curve forwards and inwards, anterior 

to the inner fibres, so that the muscle converges on an attachment to the "handle" 

of the tennis -bat shaped manubrmum, rather than being inserted as a strap to the 

back of the circular part. 



Sterno -hyoid could thus not be taken as an example of a single -band 

muscle, but its companion in the neck, sterno- mastoid, which could be seen 

in its whole len> -,th, showed one single band of endplates at its middle. 

Counts of fibres in cross sections at intervals along the muscle indicate 

that the fibres run from attachment to attachment, and this muscle was taken 

as example of the single -band type. Four rats were operated on, under the 

same conditions as before, and both sterno- mastoids were operated on in each 

animal, four markers being inserted in each muscle. Again the markers 

separated proportionately from one another and from the ends of the muscle. 

Since this method of charting results gives no indication of the amount 

of actual growth of the animal, the length of the femur was taken in those 

rats in which anterior gracilis was operated on, as an indication of increase 

in size of the animal. For the neck muscles, the actua.L length of the muscle 

was taken. In one instance for each of the three muscles used, the actual 

x -rays were used at the three ages to give contact prints which show the 

markers separating. 

Results from all three muscles are very similar. The markers separate 

even..y from one another, maintaining their relative positions to the ends of 

the muscle. Often they change position slightly between the first and second 

monthly x- rays, whereas positions of the markers at the third are usually very 

similar to those at the second. Occasionally a slight apparent drift of all four 

markers to one end of the muscle is noticed, but this is slight compared with the 

overall changes in length that have taken place, and the markers invariably 

maintain their relative distances from one another. Though the wires were 

placed transverse to the long axis of the muscle, they did in some cases rotate, 

even to thezextent of coming to lie in the same line as the muscle fibres. 

The central knot on a wire was however assumed to have remained in its original 



position through an rotation that occurred. 

The results shown are six from anterior gracilis; two showing similar 

results from sterno- hyoid; and four from sterno- mastoid. 

An attempt was made to study the relation of the wire markers t., the muscles, 

the intention being to remove wires just before embedding the muscle in paraffin. 

The wires were, however, found to be firmly adherent to the muscle substance, 

and on pulling them out, tears were produced in the muscle. The intention had 

been to section the muscles longitudinally after removing the wires, in order 

to study the positions of the wire tracks in relation to the muscle fibres 

and connective tLsue, but this project had to be abandoned. 

3. Sarcomere length at different ages : 

The two electron micrographs il_.ustrated in Plate 6, of longitudinal sections 

of muscle from the sartorius of a seven -day rat and a young adult rat, show that 

there is little difference in the lengths of the sarcomeres at the two ages. 



If 

Discussion 

1. Muscle structure. 
2. Significance of results with wire markers. 
3. General discussion on muscle fibre growth. 
4. Possibilities for future work. 

1. Muscle Structure 

As early as 1862, Kuhne described the aggregation of motor endplates in frog 

muscles in certain fixed zones, and it has been shown by many workers since that 

the endplates in a muscle are frequently grouped together rather than having a 

scattered distribution. When muscles of the rat and mouse are stained by techniques 

to determine the sites of cholinesterase concentration, the endplates are seen to 

lie in bands across the muscle at right angles to the lines of the fibres. Most 

have a single band running transversely across about the middle of the muscle, 

the band being straight in parallel fibred muscles and curved in pennate specimens. 

The endplates remain midway between the two attachments of the muscle fibres. 

Not all the rat and mouse muscles have a single band, however. As reported 

above, at least four rat muscles possess two bands of endplates, situated approximately 

one and two thirds of the way along their length. 

Schwarzacher has studied these muscles fairly thoroughly, and his findings on 

their structure' correspond fairly well with the results of the present investigation. 

His metháds.were.'to._demonstrate the motor endplates by Koelle's technique, and to 

isolate individual fibres from muscles by teasing following maceration. He finds 

that the muscle fibres in single band muscles extend from one attachment to the other, 

and this finding is in keeping with the graph of fibre counts in transverse sections 

serially along the length of the rat sterno- mastoid, which shows that the number of 

fibres remains constant through the whole muscle. 

In the anterior gracilis, Schwarzacher states that 89ia of the fibres end in the 

middle third of the muscle by interdigitating with those from the opposite attachment; 



the remaining 14:2 he claims, extend through the muscle from one attachment to the 

other and possess two motor end -plates. Again the graph of transverse section fibre 

counts would support this finding. The graph shows a level area at both ends, while 

the middle third or so of the graph is raised to a peak - at this area according to 

Schwarzacher, 890 of the fibres should be tapering to terminatinn. The peak is 

less than double the level of the flat regions of the graph on either side of it, 

which would be expected if not all the fibres from each side are terminating at the 

middle third. 

Calculations of the average fibre diameters for sections from anterior gracilis 

further support Schwarzacher's findings, the average fibre diameter in sections from 

the central peak area of the graph being clearly lower than figures for sections 

from the level "actions nearer the two ends of the muscle. 

The only points in which the findings in these studies disagree with Schwarzacher 

are with regard to sterno -hyoid and semitendinosus. In the former, he is apparently 

not aware of the presence of a second band of endplates deep to the sternum; while 

in semitendinosus, which has three bands of endplates, he did not realise that the 

third band, apparently unique in a rat muscle, is actually a single band across the 

second head of origin of the muscle. 

The simple distribution of motor endplates seen in the rat and mouse is replaced 

in many muscles of larger Mammals by a more scattered endplate picture. Tibialis 

anterior of the rabbit, as used by Crawford in his expeáiments, is an example of this. 

Such .a muscle might be built up of a number of short fibres each with an endplate at 

its midpoint, or a series of longer fibres each innervated at more than one point, 

or some combination of the two. 

When Adrian (1925) investigated the structure of the cat tenuissimus, teasing out 

individual fibres after macerating in nitric acid, he found this muscle, which has 



a scattered endplate distribution, to be composed of a series of fibres several times 

hhorter than the total length of the muscle. Schwarzacher has recently shown that 

many muscles in the human foetus are composed of fibres running from attachment to 

attachment, each having an endplate near its midpoi4t. Sartorius and gracilis, 

on the other hand, have a number of endplates along the length of each fibre. 

2. Significance of Results with Wire Markers : 

The muscles of the rat were chosen for these experiments because of their 

simple structure. The object of this study is to determine at what point or points 

along its length, a muscle fibre grows. If the arrangement within a muscle of its 

component muscle fibres is known, and these muscle fibres can be marked at points 

along their length and the markers followed throughout a period of growth, it should 

be possible to form conclusions regarding the site or sites of growth. 

The muscle fibres in the rat sterno- mastoid extend from one attachment to the 

other. By placing four markers within the muscle and following their separation 

over three months, it was hoped that a definite indication of the growth site would 

emerge. If, as the older writers believed, the sarcoplasm at the muscle tendon junctinn 

is the active growth site, it would be expected that the markers would gradually 

move relatively further and further from the muscle ends. If on the other hand, 

growth too place all along the fibre, the markers should retain their relative positions 

to one another and to the muscle ends. 

As has been described above, the markers remained at proportionate distances from 

one another and from the attachments of the muscle. This was also the case in the 

rat sterno -hyoid and anterior gracilis. These findings indicate interstitial growth. 

It remains doubtful, however, virmithetett&Auirkers indicate growth of the muscle 

fibres themselves. They may equally well signify changes taking plexe in the coanectkve 

ti,sue of the muscle. It is unlikely that any muscle fibre could survive for a length 



of time after having been transfixed by a piece of tantalum wire. Unfortunately 

it was impossible to remove the wires to ascertain their actual position relative 

to the fibres and connective tissue.. 

3. General Discussion on Muscle Fibre Growth : 

There are several possible sites for growth on a skeletal muscle fibre. 

Older workers were of the opinion that growth took place by the accretion of 

sarcomeres at the ends of the muscle, in the region of the muscle tendon junction, 

and this view was supported by Spiedel in his studies on the living tadpole tail, 

where counts of the numbers of sarcomeres showed that they increased progressively 

as growth occurred. 

Growth might however take place all along the fibre - regular interstitial growth 

such as was suggested by the movements of the wire markers in the present 

Growth could conceitably be confined to certain points along the shaft of a fibre, 

such as the middle section, or the segments opposite the fibre nuclei. 

There is no evidence of any cytoplasmic differentiation along the shaft of a 

muscle fibre. Comparison of sarcomere length in a seven day and a young adult rat 

show th.tthere is little change betwee_ì the two ages, yet the anterior gracilis muscl9, 

from which these sections illustrated in Plate 6 were taken, doubles its length in the 

interval. Growth in length must therefore be, as Spiedel stated, by the adding on 

of new sarcomeres rather than by the expansion of those already present. It is 

unusual to see variation in sarcomere size, apart frornthe changes produced by contraction 

bands, though small sarcomeres have recently been reported in tissue cultures of 

develoN.ng muscle. Certainly, small sarcomeres would seem to be a rarity, and 

examination of a skeletal muscle fibre does not show the range in size of sarcomeres 

that would be expected if these were being added all along its length. 



Moreover, the biochemical composition of a sarcomere probably demands a constant 

number of cross linkages between the actin and myosin filaments (Huxley, 1957), 

for each indifidual species, and therefore interposition of "bab"sarcomeres is 

unlikely. 

The most feasible site on a skeletal muscle fibre for accretion of new sarcomeres 

remains the undifferentiated zone of protoplasm between the termination of the myofibrils 

and the attachment of the tendon to sarcolemma. This was the fiew of Schmidt and 

earlier workers, since supported by Spiedel, and in no way disproved by the recent 

electron microscopic findings of the structure at the muscle tendon junction. 

If it is the case that the ends of the muscle fibres are the sites of active 

growth, and the markers used in this series of exeriments are growing with the 

connective tissue, then we must envisage a growing skeletal muscle fibre sliding 

as it lengthens within its tube of surrounding connective tissue. 

The motor end -plate is built into the side of the muscle fibre, the terminai 

ramifications of the nerves invaginating but not penetrating the sarcoleAa. It 

seems hard to believe that so highly organised a structure as the end -plate could 

alter its position in relation to the contractile substance of the muscle fibre 

as it grows, but if growth takes place at the ends of the myofibrils only, then the 

motor endplate must move. 

In the frog sartorius studied, the two endplates on a single fibre were further 

apart than the total length of the limb in a small animal of the same species. 

Similarily, in the anterior latissirnus dorsi muscle of the chick, the endplates 

separate proportionately with the increase in length of the muscle. These changes 

cou-td only come about in one of two ways : either the motor end -plate alters its 

:osition on the growing fibre, or the fibre grows interstitially. 



4. Possibilities for Future Work : 

a. Nuclear studies : 

Schmidt and others have emphasised that the muscle nuclei play an active 

part in growth of the myofibrils, and Crawford refers to rapid nuclear proliferation 

occurring in the regions of undifferentiated sarcoplasm ai the fibre extremities. 

If this be the case, it should be possible to discover the sites of active growth 

by determining the positions of concentrations of actively dividing nuclei. These 

might be shown by arresting mitosis with colchicine, or by indicating dividing 

nuclei with thymidine. 

b. Physical labelling of muscle fibres : 

This is technically difficult to accomplish on account of the small size 

of the muscle fibres, and any damage to the fibre is liable to kill it or at least 

to distort its growth processes. A scar sufficiently slight to allow the fibre to 

continue living will be hard to detect again, and it would be almost impossible 

to mark the same fibre in more than one place. A point on a fibre might be marked 

by depositing iron ions from an electrode, and subsequently showing their position 

by means of the Prussian blue reaction, but again the deposition of sufficient iron 

to give a clearly visible reaction would in all probability kill the fibre. 

Fluorescin iso- cyanate, which attaches itself to proteins and be detected in 

sections with the fluorescence microscope, might give the answer. If a quantity 

were injected into the substance of a muscle, a portion would presumably attach 

itself to the connective tissue, while part would penetrate the muscle fibres themailves 

and grow with them. The distribution of the substance c,uld then be detected 

after varying periods of growth, by cutting thin sections and studying them by 

fluorescence microscopy. 

c. Synthetic labelling of myofibrils : 

The site of formation of new sarcomeres might be shown by incorporating in 



an animal's food, a radioactive amino acid essential to the muscle proteins. 

The positions in the myofibrils of this substance could then be determined 

by radioautographic techniques. 
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PLATES 

Plate 1 : Rat sterno- mastoid. 

2 : Rat sterno- hyoid. 
3 : Rat anterior gracilis. 
4 : Graphs of muscle fibre counts : a. rat sterno- mastoid : b. rat ant. gracilis. 

5 : Endplates : a. rabbit tibialis anterior : b. chick ant. latissimus dorsi. 

6. : Sarcomere length. 

Experimental Series : 

Plate 7 Anterior gracilis 1. 
8 : Anterior gracilis 2. 
9 : Anterior gracilis 3. 
10 : Sterno -hyoid 1. 
11 : Sterno -hyoid 2. 
12 : Sterno -hyoid 3. 

Second Series : 

Plate 13 : Anterior gracilis 4. 
14 : Anterior gracilis 5. 
15 : Anterior gracilis 6. 
16 : Anterior gracilis 7. 
17 : Anterior gracilis 8. 

18 : Anterior gracilis 9. 

19 : Sterno -hyoid 4. 
20 : Sterno -hyoid 5. 

21 : Sterno- mastoid 1. 
22 : Sterno- mastoid 2. 

23 : Sterno -mastoid 3. 
24 : Sterno- mastoid 4. 



Plate l. 

Rat - young adult showing 
motor endplates in muscles 
of neck. 
Acetylthiocholine method. 
(x 2 approx.) 

Rat - x -ray of young adult 
with wire inserts near sites 
of attachment of right 
sterno- Îaastoid. 
(x 2 approx.) 



Plate 2 

Rat - young adult showing 
motor endplates in muscles 
of neck : a window has been 
dissected from upper part 
of sternum to expose second 
band of endplates in sterno- 
hyoid. 
Acetylthiocholine method. 
(x 2 approx.) 

Rat - x -ray of young adult 
showing wires inserted near 
attachments and down margins 
of sterno- hyoid. 
(x 2 approx.) 



Plate 3 

Rat - young adult showing 

motor endplates in muscles 

of medial aspect of right 

thigh. 
Acetylthiocholine method. 

(x 2 approx.) 

Rat - x -ray of young adult 
in which wires have been 

inserted near the attachments 

and down the sides of the 
anterior gracilis. 
(x 2 approx.) 



Plate 4 
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Graph of results of muscle fibre counts in serial 
transverse sections through rat sterno- mastoid. 
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Graph of results of muscle fibre counts in serial 

transverse sections through rat anterior gracilis. 



Plate 5 

Rabbit - right tibialis anterior 

showing motor endplates. 

Acetylthiocholine method. 
(x s approx.) 

Chick - section of single 
muscle fibre from anterior 
latissimus dorsi showing 
three motor endplates. 
Azo -dye coupling method. 
(Marker = 1 mm.) 



Electron micrographs of longitudinal section of muscle 
taken from the anterior gracilis of a seven-day old 
rat (left) and a young adult rat (right). 
The z -bands are lying obliquely across the myofibrils, 
and tSI, the length of a sarcomere in each case, is 

taken as the distance between the centre of one z -band 
an.a the next on the same myofibril. 

x 32,000 

Plate 6 
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