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Observations on the Minute Structure and Mode of Contraction of
Voluntary Muscular Fibre ; being the abstract of a Paper read
before the Royal Medical Society, Edinburgh, December 15th,
1848. By W. Murray Dosrig, F.B.S.E.

[With a Plate.]

Tur structure of cross-striated muscle is a subject which has
more or less engaged the attention of minute anatomists, since
the first introduction of the microscope as a means of histological
research.

There is perhaps no animal texture as to the nature of which
more contrary opinions have been held, or more conflicting state-
ments advanced, than that of voluntary musele, so that even at
the present time it must still be considered a question by no
means set at rest.

My object in the present communication is to state briefly
the opinions which a careful examination of this texture in seve-
ral animals has led me to adopt, confining my observations to the
elementary fibre, independent of its sarcolemmal sheath.

Before proceeding to do so, I shall very shortly notice the
opinions of the principal microscopic anatomists who have been
empioyed in this investigation.

Robert Hooke and Leuwenhoek were the first to examine
muscular fibre with the microscope. Robert Hooke speaks of
the ““fibres resembling a necklace of pearl ;” it is probable that
by fibres he means the ultimate fibrille.

Leuwenhoek saw and figured the transverse stri, which he
regarded as only surface-markings produced by the windings of
a spiral thread. e considered the fibre to be composed of glo-
bules, less in size than the corpuscles of the blood. He made
cross-sections of the fibres, and showed them to be polygonal and
surrounded by areolar texture.

Malpighi, in an isolated passage of his works, notices the
transverse strie.  De Heide also deseribed and figured them.
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Mode of Contraction of Voluntary Muscular Fibre. 3

Mr. Skey, in a paper in the  Philosophical Transactions,” sets
forth as his opinion, that each muscular fibre is a tube, contain-
ing 1n its interior a semi-transparent amorphous substance ; the
tube he supposes to be composed of fibrille, and the transverse
striee to be depressions on the surface of the fibre.

The views of Miiller, Schwann, Lauth and Henle are very
similar to those advanced by Fontana.

‘Schwann considers the fibrille to be beaded filaments, pre-
senting under the microscope a succession of dark points sepa-
rated by light and somewhat narrower portions of the fibril,

Dr. Martin Barry holds the structure of musele to be spiral ;
he says each fibril is composed of two spirals coiling in opposite
directions.

From these observers I shall pass to those who in recent times
have examined the fibrillze of muscle, with a view to determiriime
the real constitution of these filaments.

The publication of Mr. Bowman’s paper in the ¢ Philosophical
Transactions’ was an wra in the microscopy of muscle, though he
does not seem to have been able to make out the ultimate con-
stitution of the fibrillze, which he considered wexa composed of a
series of highly refracting particles of one kind ; he thus describes
them :—

“Fibrillze present alternate dark and light points when the
part 1s a little out of focus. The light parts are the centres of
highly refracting particles acting as lenses; the dark points the
intervals between them. If now the focus be carefully adjusted
and the achromatic condenser be used for the purpose of defining
the outline with the utmost precision, each dark interspace be-
tween the refracting points will be found to be reduced to two
very slender straight lines, crossing the fibrille in a transverse
direction, and giving the light spaces as now seen a rectangular
figure.” (Fig. 3ab.)

Dr. Sharpey, from an examination of Mr. Lealand’s prepara-
tions of the muscle of pig, considers the sarcal particles each to
be composed of a dark central and clear outer part. Dr. Sharpey
mentions that Mr. Lealand himself first pointed out a cross line
in the clear interval, and also the bright surrounding areas
(fig. 42 & b).

Dr. Carpenter examining the same dissections comes to a
similar conclusion (fig. 2 5).

Professor Allen Thomson of Glasgow, in his late work on Phy-
siology, deseribes the structure of the fibrille in the same way as
Dr. Sharpey : but since the publication of that work he has been
led to doubt the existence of any lateral elear edge, as he himself
has informed me.
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that it is really opake ; for under a superficial focus it also be-
comes clear, as 1 shall presently deseribe. I shall still retain the
term as expressive of what is observed when the fibril is seen
under the distinet focus.

If the focus of the instrument be now adjusted for the more
superficial part of the fibril, or a little above it, a remarkable
change is observed ; the general appearance of the fibril is dimi-
nished in distinctness, and what was befere the dark space now
appears clear (but not so translucent as the clear space in the
distinet focus), and 1s then seen to be crossed transversely by a
dark line (fig. 6 b).

The clear area or space undergoes a similar change of appear-
ance, becoming quite dark, but no line can be observed to cross
it. The foeus under which this is observed, to avoid confusion
I shall call the superficial focus (fig. 6 b).

It will perhaps be considered trivial thus to describe the ap-
pearance of the fibrille under an indistinet foeus: but that it
1s not so, I hope afterwards to be able to prove; for on the
change of appearances thus presented, I believe hangs the true
explanation of the cause of the transverse strie of voluntary
musele.

In some kinds of muscular fibrille, it is a matter of great dif-
ficulty to perceive any dark transverse line in the clear space:
this avises from the extremely small size of this space, especially
when the fibril is in a relaxed condition, and is more particularly
found in the examination of the musecular fibrils of fish, lobster or
crab, in which indeed this line can be very rarely seen (fig. 7 ).
Hence most probably the reason why Mr. Bowman does not re-
present 1t. In such cases the only way to obtain a view of it is
by stretching the fibril when in a perfectly fresh state; this
cross-line of the clear space in the lobster partook more of the
nature of a band, in the cases where I was enabled to examine it
(PL. VIL. fig. 7 @). Inthe fish (salmon) I have only seen it in a
few cases, but in these the appearance was so distinet as not to
leave the least doubt of its existence.

I am not aware that this eross-line in the lobster, salmon, skate
and frog has been seen by any preceding observers. In the pi
and human subject it has been seen; I have also distinetly ob-
served it in the muscular fibrille of the ox. Lyl

The length of the dark and clear spaces is sometimes identioal ;
at other times, and more frequently, the clear space is shorter ;
and in the lobster and salmon is often so narrow as to be dimi-
nished to a somewhat dark line when the fibril is in a perfectly
relaxed condition. '

I have also frequently observed, in dissections of the museular
fibrillie of the frog and salmon, an appearance which I consider it
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tignous clear space ; in fact, that we are not able fo say with any
degree of certainty, that any portion of a muscular fibril in the
mature state is a cell containing fluid, as Mr. Erasmus Wilson
believes.

3. That the clear space can be distinetly seen to have a dark
line erossing it transversely and dividing it into two equal parts,
and that the dark space also presents a similar division caused by
a line which is generally seen of a lighter shade than the other
parts of the same space, and not a broad black band as is erro-
neously represented by Mr. Erasmus Wilson (fig. 6 2 & fig. 5 a).

4. That no clear area exists at the edge of the fibrille extend-
ing transversely outwards from the dark spaces, giving the
fibrillze the appearance of a chain of nucleated cells, as is repre-
sented by Dr. Sharpey and Dr. Carpenter (fig. 4)..; Fhis conclu-
sion I have been irresistibly led 4@ by the following considera-
tions :—

a. The fact that when two fibrillee lie side by side, the edges
of the black spaces are in accurate apposition.

b. That if this lateral clear area really existed, the fibre would
be spotted, or at least marked with longitudinal striz quite as
distinet as the transverse ones, which in this case would not be
well-marked (fig. 4 a).

e. That the edges of the clear space can be seen under a fine
mstrument not to extend farther laterally than the edges of the
dark space (fig. 6 a). e

[T perceive Mr. Quekett in one of the plates to his recent
work on the Microscope ha&d&stinctly represented this, though
he gives an incorrect diagram to explain an appearance which he
represents quite correctly. ]

d. That the cross-line in the clear space measures exactly the
same as the breadth of the dark space, and that it can be di-
stinctly seen in favourable cases to touch the edges of the clear
space (fig. 6 a).

5. That it seems probable that there exists a homogeneous
connecting medium among the fibrille (fig. 8 a & b).

6. That the structure of cross-striated muscular fibre is essen-
tially the same in all the members of the animal kingdom.

7. That from all I have seen of the structure of voluntary
musele, I am perfectly certain that the appearances presented arve
quite inconsistent with any palpable spival arrangement, either
in the fibre or fibrille, as is still the opinion of Dr. Martin Barry.
Mr. Bowman’s observations ought to have set this point at rest.

8. That the dark spaces become clear, and clear spaces dark,
during a change in the focus of the instrument, causing a pecu-
liar appearance of movement on the fibrille (fig. 6 « & b).
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of unstriated musecles in some Filarias and in a Vesicularia, a
swelling took place in the centre of the fibre which thus became
shorter and thicker.

Dr. A. Farre observed a similar fact in the unstriated muscles
of the Polypifera.

The admirable researches of Mr. Bowman have left us little to
wish for with regard to the nature of the contraction ; I refer to
his observations published in the € Philosophical Transactions’
for 1842. All his observations were made on muscular fibres of
animals shortly after death.

I shall brietly allude to some observations made with reference
to this subject on the living and umnjured tadpole,

In April this year (1848), when anerving the circulation in
the tail of a tadpole after the disappearance of the gills, I was
surprised on noticing that the cross-striated muscular fibres were
distinctly visible through the external tegument; the contrac-
tions after the animal was somewhat exhausted were slow and
beauntiful, not uniform throughout, as is the case when the tail is
observed immediately after the death of the animal and stripped
of its integument : the former is the active, living and voluntary
the latter the passive contraction. '

When the contraction was comparatively slow, the approach of
the transverse strize could be seen with extreme distinctness ; the
relaxation was as instantaneous as the contraction in that part
of the fibre which was the subject of it.

The circulation of the blood was visibly accelerated after a
rapid series of contractions ; the blood seemed to be pressed out
of the vessels of the part undergoing contraction ; on relaxation
taking place the afflux was immediate.

These observations were made at a time when 1 was much en-
gaged with other matters, and are consequently very imperfect.
I hope to be able to resume the inquiry during the ensuing
spring, when these interesting animals can be obtained in a pro-
per state for the examination, I believe this is the first obser-
vation of the contraction of a cross-striated muscle, so high in
the scale of being as the Batrachia. I may mention that Dr.
Allen Thomson repeated my experiments on the tadpole about
the same time and with similar results.

Among the Rotifera I have observed very beautiful examples
of cross-striated musele, more especially in the Euchlanis tri-
quefra and i the Euchlanis Hornemanm, which are not uncom-
mon species ; the approach of the transverse strize is very marked.
The relaxed fibres are subject to a degree of zigzag flexure when
other muscles of the animal are in action.

In conclusion, one word on the mode of displaying or separa-
ting fibrillze from the mass of a fibre, which is unquestionably a
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