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1901.] Properties of the Avterial and Venous Walls. 1EIET

skeletal muscle, it (or the ammonium salt) causes speedy and complete
relaxation of the contracted arterial muscle (fig. 1). This relaxing
effect is much more powerful and rapid than that which follows 1m-
mersion in saline solutions, such as ammonium chloride (13 per cent.),
which dissolve out the muscle-proteid, and the mode of action seems
to be different, for the sulphocyanide solution seems to extract very
little proteid from the arterial wall when it has acted sufficiently long
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Fig. 1.

to cause complete relaxation ; on the other hand, sulphocyanide canses
precipitation of proteid in a saline extract of the arterial wall. In
contrast with this, saline fluids like the ammonium chloride solution
extract a large amount of proteid before they effect complete relaxi-
tion, and many hours are necessary for the completion of the effect
(e.q., 24 hours). Magnesium sulphate solutions (5 per cent.) require
days.

When relaxed by sulphocyanide the artery shows a permanent loss
of excitability and contractility.

Ammonia. Vapour.—A contracted artery exposed to strong aAmmonia
vapour (in the same way as described in the case of chloroform vapour)
speedily begins to relax; in a very few minutes the change 15 well
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marked, and in 10 or 15 minutes relaxation is usually complete, even
in a thick-walled tube like the carotid of the ox.

Graphic records were made of the action of ammonia vapour by an
arrangement similar to that used with the sulphocyanide solution,
Fig. 2 shows the effect upon a transversely cut strip of the wall of a
contracted artery, and upon a recently excised skeletal muscle (frog’s
gastrocnemius). The upward movement of hoth levers indicates relaxa-
tion—very extensive in the case of the artery. The ammonia vapour
was applied at the moment of the first time signal,

Fig. 2.

It is to be noted that when a strip of artery is suspended in this
way it often contracts slightly prior to the application of any reagent
—apparently a response to the stimulus of stretching or 6f compression
of its ends by the clamps which hold it, or a combination of these
CAlses,

Heating.—Keeping an artery at about body temperature for a
mumber of hours (e.g., 24) causes the contraction to pass off, as has
already been stated.

Heating to about 50—55° C. induces complete relaxation in a few
minutes. The effects of heat will be described in detail later.

Kneading, Rubbing, Stretching.—More or less extensive relaxation of
a contracted artery can be speedily induced by kneading or rolling the
vessel between the fingers for a minute; the wall becomes much less
firm, and the lumen opens up markedly—e.g., from a diameter of
"5 mm. to twice that size or more ; later it may again contract to
so0me extent.

Mayo* observed that an artery exposed in a living animal hecame

# ¢ Qutlines of Physiology,” London, 1837,
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different effects, according to the state of the artery at the time—
whether it is contracted or relaxed:; in the case of the contracted
artery there are also certain differences in its behaviour at the early
and the late stages of contraction.

Relaxed Artery—An artery in a state of relaxation behaves in essen
tially the same way when heated, whether its relaxation is due to
(¢) the gradual passing off of post-merfem contraction after some days,
or (b) to being kept at about body temperature for 24 hours, or () to
its having been frozen for some hours, or (d) to treatment with
potassinm or ammonium sulphocyanide solution, or (¢) exposure to
ammonia vapour. When the temperature is gradually raised there 1s
no important change, though slight shortening may gradually oceur,
until it reaches 60—65° C., when a well-marked and commonly very
extensive contraction takes place; this is seen whether a transverse or
a longitudinal strip is recorded, and the change is evident in an un-
opened segment of artery, suspended in the bath—the lumen becomes
very markedly diminished, while the arterial wall becomes much firmer
to the touch., When the shortening has been completed, and the tem-
perature is allowed to fall, there slowly occurs a certain amount of
lengthening, but this is always very incomplete. (Fig. 3.)
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F1a. 3.—Artery (ox) relazed by freezing. Transverse strip, 10 mm. long; load,
2 grammes. The minor oecillations preceding the extensive descent of the
lever, beginuing at 61° are more distinet than usual; they are often entirely
absent. Carotid (horse) relaxed by freezing, Transverse strip, 18 mm. long.

This characteristic heat-contraction at 60—65" seems to be due to
the elastic and connective tissue elements of the artery, and not to
depend essentially on the properties of the muscular coat. For it is
well seen in pieces of artery which have had their muscle-proteids
almost completely extracted by prolonged maceration in large
quantities of saline fluids (ammonium chloride 13 per cent., &e.). 1t
resembles the contraction got from a piece of tendon or of ligamentum
nuche (ox), placed in the bath and recorded by the same apparatus.
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A slender tendon (cat) was found to show extensive shortening at
about 63°. Hermann* found that tendon began to contract at 65°
and finished at ¥5°. Brodie and Richardsont describe the contraction
as beginning at 60° and being complete at about 64°,

Gottschlichf found that a piece of ligamentum nuche shortened on
heating and lengthened on cooling for all temperatures up to as high
as 65°.  Another shortening, not removed by cooling, developed
between 65° and 75",

It may be.mentioned that a frog’s muscle tested with the apparatus
I have used for the arterial strips, shows very clearly the three heat:
contractions studied by Brodie and Richardson§ with the aid of a
photographic method at about 34°, at 45—50°, and at 55°—60°,

Contracted Artery,—When an artery which is in a state of posi-
mortem contraction 1s gradually heated, it undergoes a characteristic
change at a temperature of 50—55° C.—sometimes a little helow and
sometimes a little above this level. It becomes relaxed, as is shown by
the tracing given by a transverse strip ; the rise of the lever indicates a
marked elongation of the arterial strip (fig. 4) ; the same change is

¥16, 4.—Carotid (ox). Transverse strip ; 25 hours p.w. Load under 1 gramme.

evident in a piece of unopened artery by a notable enlargement of the
lnmen, while the walls of the tube lose their firmness. When this relaxa-
tion has occurred, a subsequent lowering of temperature does not restore
the [contracted condition. Excitability and contractility are absent
after the temperature has been raised to about 50°. It is important

® ¢ Pfliiger’s Archiv’® (1873), vol. 7, p. 417.

+ ¢ Phil. Trane.,’ B, vel. 191, p. 127,

+ ¢ Plliiger's Avchiv? (1838), vol. 54, p. 109.
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Tracings made 14 days and 16 days p.n., showed an amount of
relaxation less than is seen in fig. 5, but greater than in fig. 6.

F1a. 5—Transverse strip, carofid (horse), which has been kept in olive oil for
10 days after death.

Fra. 6.—Upper tracing from transverse strip of jugular vein. Lower tracing from
horse's carotid kept 18 days in olive oil,

Strips eut; from a contracted artery parallel to the long axis of the
vessel behave, when heated, very differently from transversely cut
strips. Indeed, the former show alterations in length which are—up
to a certain temperature the converse of those shown by the transverse
strip, the contractions of the transverse strip between 20” and 357, and
between '40° and 50° are accompanied by elongations of the longitudinal
gtrip—less |in amount it may be, but coineiding pretty accurately in
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Morgen* heated a ring from the cesophagus of the dog and observed
abolition of irritability at about 50°.

From the evidence available it is clear that relaxation at 50—55" C.
is a phenomenon of widespread occurrence in living mammalian
unstriped muscle showing tonic contraction ; the muscle is dead when
this relaxation is completed.

Eaperiments on the Aorta and Pulmonary Artery.

Transverse and longitudinal strips were examined soon after death
in the same way as the carotid. The changes observed were similar
in general character to those described in the carotid at similar periods
.1ftu death—relaxation about 50—55°, preceded in many cases by con-
traction, &c.

Jut these changes are very slight in extent in the aorta and
pulmonary artery, as might be EYPLL‘LLd vessels provided with
muscular tissue in relatiy Ll_‘:. small amount. (}.*lrr. 8.)

Aorta (Sheep )

Fia. B.

At the same time the contr action at 60—65" 18 hardly so extensive
as might have been looked for in strips containing 8o much elastic and
connective tissue.

% ¢ Untersuch. aus d. Physiol. 1nst. zu Halle," vol. 2, p. 161 (1890).
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Erperiments on the Jugular Fein,

Strips of vein when heated gave very definite and constant results,
Hhmlumtw began almost immediately, and went on at first pretty
quickly (from the original ttﬂnpvmmt] (Jf 14—16" up till about;30°),
then more gradually, till at 60—65° (usual ]:r at 627 or 63°), .IEJ:III and
very extensive shortening took place, going on commonly till the
temperature is above 70°. Subsequent cooling is attended by a decided
elongation, though the fstrip uti!l remains very much shorter than it
was to begin with. (Figs. 6, 9, and 10.)

L= l".|'n L =]
P 13 1o v oy U

Fia. 9.—Upper tracing from transverse strip of jugular vein, lower from carotid
artery of horse.

Caroled (Ox)
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Fig. 10.

When the temperature 1s only raised to 40° and then allowed to

fall, shortening goes on as before up to that point, and the strip
;9
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lengthens again during m‘tﬂing, so that it returns to the same, or
almost the same, length as it was at first. (Fig. 11.)

Fig. 11.—Upper tracing, jugular vein; lower, carotid. Transverse strips, heated
up to 40° and then allowed to eool.

Saline Extracts of Contracted Artery,

Qaline extracts of the fresh arterial wall were made from the
carotid, &e., usually with 5 per cent. MgSO, solution ; 10 per cent.
NaCl and 13 per cent. NH,CI were occasionally employed. The outer
and inner coats were often stripped off as completely as possible, so
that little more than the tunica media was used.

The 5 per cent. MgSO, extract is usually neutral.

It was heated up gradually by Halliburton’s method, sometimes
without acidulation, sometimes faintly acidulated with 2 per cent.
acetic acid. The rise of temperature was commonly about the rate of
1° €. per minute, though this was made to vary widely, and the fluid
was often kept at certain temperatures for many minutes.

Acidulated Extract.

Coagulation occurred between 45° and 50°,- usnally about 47
When this was filtered off and the heating continued, a second coagu-
lation took place at 55—60"—figures corresponding with the coagula-
tion temperatures of Halliburton's paramyosinogen and myosinogen.

(There was some evidence of a further slight coagulation at about
72—75°) The amount of coagulation occurring at 45—50° and at
55—60° varied very markedly ; sometimes the one and sometimes the
other predominated. Tt is to be noted that when the preliminary
acidulation is done a certain amount of precipitation oceurs—probably
nucleo-proteid, in part at least. After filtration, the liquid is treated
as above described.
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with those taken from relaxed arteries; transverse strips exhibit the
most notable contrasts. As the condition of post-morfem contraction
does not seem to have been taken into account by previous observers
or known to them, it was obviously important to test the arterial wall
in the conditions of contraction and relaxation respectively.

Frg.12.—Aorta (sheep). Transverse strip. Interval of 12 minutes after unloading;
then loaded a second time after the drum had been moved on about 1 cm.

Fre. 13.—Aorta (sheep). Longitudinal strip.

Reluwed Arterics.—Both transverse and longitudinal strips made
from & relaxed artery show broad features that are similar in the
main; the artery may be relaxed by any of the methods already
described.

The result obtained is similar to what has just been described in the
case of the aorta and pulmonary artery. :

Effects of repeated Stretching.—1 have made numerous expen.ments‘ on
the effect of again stretching a strip of arterial wall some little time
after it has been stretched by the addition of weights in the usual way
and then unloaded.
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The general character of the tracing is not altered in the aorta and
pulmonary artery or in the relaxed carotid, though the actual amount
of stretching is much increased, especially with the first weight or two.
(Figs. 12, 14, 15, and 16.)

F16. 14,—FYulmonary artery (sheep). Transverse strip. Loaded a second time

alter an interval of ¥ minutes,

Fig. 15. —PLI]II'II}I!IH‘_‘I.' artery li:!l:l.'l..‘|:l:|. Liogituuinal EiH‘i[ZI. Loaded again affer an

interval of T minutes.

Contracted Arteries.—Transversely cut strips of contracted artery
vield remarkable results, entirely different from those just deseribed.
Equal increments of weight cause increments of elongation, relatively
small at first, and increasing in magnitude up to a maximum, beyond
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F16. 16.—Carolid (ox), relaxed. Transverse strip. Lcaded agaio after an interval
of 12 minutes.

F1a. 17.—Carotid {ox), relaxed. Longitudinal strip. Loaded a second time after
an interval of 10 minutes,

which there comes a progressive diminution in the amount of elonga-
tion produced by each successive addition of weight. Hence a line
joining the lower ends of the vertical lines representing extension is a
curved line at first convex towards the axis and then concave. (Fig. 18.)

In the early part of the process of stretching a contracted artery the
resistance is solely muscular ; later, when the muscular resistance has
heen so far overcome that the strip is stretched to what would be its
normal length in a passive or relaxed artery, further stretching
brings into play the resistance of the elastic and other elements in the
arterial walls, and, as we have seen, a strip from such an artery resists
elongation more and more, with successive increments of stretching
force.

The hehaviour of a transverse strip from a contracted artery 1s so
constant and characteristic that it is always easy to tell from the
tracing obtained whether the artery was contracted or relaxed. I am
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not aware that any other tissue or structure has been shown to give a
tracing of this sort.

These results are strikingly different from those of Wertheim,*
Roy,T and others; these workers employed (chiefly or exclusively)
strips of aorta in which little muscular tissue is present, frequently
taken from the human subject some considerable time after death
(from various diseases). Their tracings show a diminishing amount
of elongation for unit weight, the same result that I have obtained in

F1a. 18.—Carotid (ox), contracted. Transverse strip; 8 hours pam. Second
loading after interval of 15 hour.

the aorta and pulmonary artery. Some of Roy's curves are at first
nearly, though not quite, straight in the early part of their course,
i.£,, the elongation was during that part nearly, though not quite,
proportional to the stretching weight : then a more marked and pro-
gressive diminution in extensibility becomes evident.

In some of my tracings the increment of length caused by the appli-
cation of Lhe first weight is very small—the smallest of an increasing
series ; in other cases the first extension is more considerable, and is
followed by a very small one, to which others succeed in progressively
increasing series. As regards the extent of the first elongation much
seems to depend on the exact arrangement of the strip before the first
'I.'-'lji.[_fihl 18 Fl[]il][ﬂll_, and on the r]l_!;_fl'{'[? of its curvature, &c.

In some instances when a strip of artery taken not very lrmg atter

T “dJournal of Physiology,” vol. &, p. 125.
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death is used, the series of increasing extensions is broken by a number
of smaller extensions to give place again to larger increments. This
1 probably due to a contractile reaction of the muscular tissue of the
strip against the stretching force, or is a result of mechanical stimula-
tion cansed by the clamps grasping each end of the strip. (Fig. 19.)

Repeated Stretehing.—When a transverse strip is weighted in the way
deseribed and then unloaded, and after a time again weighted in the
same way, a second tracing is obtained differing very su*ﬂ;inglv from
the first. It is in fact essentially similar to that obtained from a strip
of relaxed artery. The extension caused by the first weight is very
great. A third experiment of the same sort gives 1‘E511|t$hﬂfir?clliiét“}
similar to those of the second experiment. (Figs. 18 and 19.)

Fia. 19.—Carotid (ox), contracted. Transverse strip. During the first loading
the lu rzest extensions were Tollowed bj two or three small ones; these were
encceeded by decidedly larger ones which gradually diminished in S1Z@. =

Longitudinal Strip of Confracted Avtery.—With strips of similar dimen-
sions cut longitudinally from the arterial wall, the total elongation
produced by a total load similar to that used with transverse strips
(¢.q., 240—340 grammes) is very much less than withjtransverse strips

commonly between a half and a third.

The character of the tracing differs in the two cases. In the longi-
tudinal strip there is only a slight increase, if any, in the amount of
elongation produced as the earlier weights are added, then a progres-
sive diminution.

After unloading, the longitudinal strip recovers much more readily
and completely than the transverse strip ; the former shortens quite to
its original length. (Fig. 20.)

Further, a repetition of the process of loading does not cause the
striking alteration in the tracing seen with the transverse strip; with
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the longitudinal strip the second loading gives a result essentially
similar to the first.

FiG. 20.—Carotid (ox), contracted. Longitudinal strip. Second loading after
interval of 12 minutes.

Jugular Vein.— Transverse® and longitudinal strips give results very
similar to relaxed arteries, though of course much smaller weights are
required to stretch them ; inerements of 5 grammes were used instead
of 20 grammes.

When stretched a second time, the difference in elongation is much
slighter than in arteries ; a longitudinal strip of vein may indeed show
no appreciable difference. (Figs. 21 and 22.)

Fia. 21,

Contracted Arlery treated with Salicyl-sulphonic Acid.—A contracted
artery which was left in 2 per cent. watery solution of salicyl-sulphonie
acid for 24 hours with the result that its proteid constituents were pre-
cipitated, gave a series of elongations almost proportional to the
weights employed, recalling the results got with iron wire or india
rubber. This is well seen in fig. 23.

A second application of the weights—if the first stretching was not

® Cf. Braune's ‘Beitrige z. Anat. u. Phys.,’ 1874 p. 7, anl Bardeleben's

' Jenaische z:*ilytzhriﬂ.,’ vol., 12, p. 40, lh'}‘:‘i, on the L-'I:|_:|,|1yu5 i1 ]ungth of 1':"Lt|:l"w]:|:'.'|
welghted.
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extensive

—may give a tracing differing relatively little from the first
loading—in marked contrast with what happens in a contracted artery.
The elongation caused by the first weight (in the second loadingjhiﬁ

frie ,-"!rl" I.-l I e r I -t'. II|I'|l e f___. n _.l'

Fic. 23.—Carotid (ox), in contracted state, fow hours after death was put into
2 per cent. solution of salicyl-sulphonic acid and kept in the solution for
24 hours. Transverse strip then loaded. Second loading after interval of

15 minutes.

small ; the subsequent ones are somewhat larger than before—to dimi-
nish after a time. When the first stretching is very extensive, the
second weighting may give results more resembling those got with

a contracted artery.

Relation of Cubic Capacity of an Artery to Internal Pressure.

Various observers have investigated this subject, but their results are

very discordant.
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A repetition of the process of raising the pressure sometimes causes
the maximum elongation to oceur much earlier than before, e.g., with
the rige from 50 to 100 mm., or from 100 to 150 mm. At other times
there is simply a general increase in extensibility without the maximum
elongation coming early (0—300 mm.). (See Fig. 32.)

Fia. 32.—Elongation of contracted artery with rise of internai pressure,
0—300 mm. Length 16 mm.

Reluzed Artery—A relaxed artery tested in the same way shows a
vastly increased elongation when the internal pressure is raised. The
maximum elongation oceurs with the first or second rise; sometimes
the second and third are equal in extent. (Fig. 33.)

Fic. 38.—Relaxed artery which has been kept in blood for some days—tiil
contraction had passed oft. Length 21 mm.

A repetition of the rise of pressure shows an increased extensibility
—especially for low pressures.
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The artery was usually first tested in its contracted state, then
relaxed by one or other of the methods mentioned, without any dis-
turbance of the cannula or plug, and again tested in the same way as

-

before. (Compare figs. 32 and 34.)

F1G. 34.— Artéry, relaxed by keeping in warm chamber at 39° C. for 24 hours.
Same portion of artery as was used (in contracted state) in fig. 32,

The relatively great tendency to elongation, even under low or
moderate iternal pressures, in a relaxed artery is important with
regard to the tendency of certain arteries in the human body to become
elongated and tortuous, apart from any recognisable structural change
in the vascular wall. Elongation of the healthy temporal artery when
relaxed is easily discernible even in young subjects; prolonged and
frequently-recurring periods of relaxation tend to induce a more or less
distinctly tortuous condition. Prolonged relaxation of the arteries of
the uterus and mamma during pregnancy leads to similar changes
in them.

Pulsalile Expansion of Relazed and Contracted Arteries—I have ex-
amined the pulsatile expansion of arteries when a rhythmical series of
elevations and depressions of internal pressure is mechanically pro-
duced—in imitation of the rhythmical changes of pressure caused in a
normal artery by the pumping action of the heart. This was tried
when the pressure within the artery was at zero to begin with, or
when a certain height of pressure had first been established ; the
apparatus for testing distensibility already described was used. Rhyth-
mical compression of a rubber tube containing air in connection with
that filling the interior of the artery was used to produce the pulsatile
variation of pressure. The changes in the volume of the artery in
response to the variations of pressure in its interior were shown by
the to and fro movement of the oil in the horizontal graduated tube.
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