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605 ME. J. LISTER ON THE PARTS OF THE NERVOUS SYSTEM

that part produced the same effect as irritation of the sympathetic, namely, pallor with
diminished temperature®. M. ScHIFF afterwards ascertained, that after destruction of
the lower part of the eervical and upper part of the dorsal region of the cord in Bats,
there is an immediate dilatation of the small vessels of the wings+t, and Brown-Sgquann
had previously shown that after transverse section of the spinal cord in the lumbar region
in Birds and Mammals, an increase of 1°, 2° or 3° Faur. took place in the temperature of
the paralysed parts. All these facts tend to the same conclusion, namely, that the spinal
cord is the part of the nervous centres which presides over the blood-vessels, and that
one important action at least which it induces in them is constriction of the cireular
coat of the arteries. But there still remains, T believe, some difference of opinion with
regard to the interpretation of BERNARD'S experiment; and there might be some colour
for the idea that the red and turgid state of the vessels seen after division of the
sympathetic in the neck was due to a change in the blood, such as occurs in inflamma-
tion, and that the pallor ensuing upon galvanizing the nerve was the result of a retwm
of the vital fluid to its normal condition after restoration of nervous influence. But all
ambiguity of this kind seems to me to be removed by some observations made several
years ago by Mr. Waarrox JoNes upon the Frog. This animal is peculiarly adapted
for investigations on this subject, because both the calibre of the vessels and the state of
the blood as it flows through them can be observed with the utmost facility in the web;
and Mr. Joxes found that division of the sciatic nerve was followed by dilatation of the
arteries, but that this increase of calibre, so far from being caused by an obstruction in
the progress of the blood, was accompanied with unusnally free and rapid flow through
the capillaries§. But with regard to the part of the nervous system which regulates the
contractions of the arteries, some more recent observations by the same author are at
variance with the conclusion above drawn from experiments by others upon Mammalia.
For he states that the division of the roots of the sciatic nerve within the spinal canal
failed to produce dilatation of the vessels; whence it was inferred that the sympathetic
fibres of the sciatic trunk, as distinguished from those derived from the cord, are the
channels through which the stimulus is transmitted to the arterial coats|. WaLLER
and BUDGE's experiments, on the other hand, appear to show that itis from the cord that
the sympathetic derives its controlling power over the arteries. This discrepancy upon
a matter of such great importance in physioclogy appeared to me to demand further
inquiry ¥, and I propose in the present paper to communicate the results to which this
investigation has led.

* (Comptes Rendus, vol. xxxi. pp. 877, 575.

+ Gazette Hebdomadaire de Med. et de Chir. 1854, pp. 421, 424.

1 Experimental Researches, New York, 1858, p. 8.

§ BEssay on the State of the Blood and the Blood-vesselsin Inflammation, by T. Wianroxn Joxes, Esq.,
FRS. Guy's Hospital Reports, vol. viii. p. 12.

|| Observations on the State of the Blood and the Blood-vessels in Inflammation, Med. and Chir. Trans,
vol. xxxvi

o Hince this paper was read, my attention has been called by Professor Goopsin to experiments recently






610 ME. J. LISTER ON THE PARTS OF THE NERVOUS SYSTEM

spinal system, as distinguished from the sympathetic, does influence the contractions of
the arteries of the frog’s foot. Here, however, as in the case of the divided sciatic
nerve, the effects were not permanent. Six hours later the arteries on the left side
appeared smaller than they had been, though still bearing marks of the operation by
remaining constant in calibre, whereas those of the right foot exhibited very frequent
variations, from pretty full dilatation to almost absolute closure. Next day the same
state of things continued, the vessels of the left foot being constant in size for four
minutes together, while in the right foot an artery exhibited about eight distinct varia-
tions of calibre per minute as observed by micrometer; but after three days more they
had become both small and variable in the left foot, and seemed to have quite recovered.
On the application of galvanism to the cord, however, both legs were thrown into
violent spasm, showing that communications still existed between the left limb and the
nervous centre; and it appeared probable that the branches which remained undivided
had come after a while to supply more or less perfectly the place of those which had
been cut. A similar explanation seemed applicable to the speedy recovery of con-
tractility in the vessels after cutting the sciatic, other nerves in the limb supplying the
place of the divided trunk.

In another experiment, performed on the 11th of April, the roots of the nerves
on the right side were divided within the spinal canal, beginning at the head and pro-
ceeding gradually backwards. No enlargement of the vessels of the webs occwrred until
the roots of the sciatic plexus were cut, when full dilatation of the arteries of the right
foot took place, one which had a few minutes previously varied from 1 to 2 degrees of
the eyepiece micrometer being now 34° in diameter, and remaining so for ten minutes
together., Half an hour later, however, T was astonished to find the artery again con-
tracted to 2°, and not quite constant in calibre. But next day, on dissecting the animal,
I found that some branches of considerable size between the cord and the seiatic plexus
remained entire.

This experiment, while confirming the proof of the influence exerted by the cord over
the arteries of the feet, convinced me how difficult it is to make sure of dividing all the
roots of the nerves for the hind legs within the spinal canal ; the operation being a very
delicate one, while the parts are obscured by the bleeding which occurs in the living
animal. At the same time the speedy recovery of funetion after partial division of the
roots, pointed out a ready source of fallacy in such experiments, Had T deferred the
examination of the web for half an hour in this case, there would have been no evidence
of any effect produced on the vessels by the operation, and yet, had it not been for
dissecting the frog, T should not have doubted that all the roots had been severed.

Dilatation of the vessels of the webs having been found to follow division of the roots

of the spinal nerves, it appeared important, in order to complete the evidence on the
point at issue, to observe the occurrence of contraction in the arteries on irritation of
the cerebro-spinal centre. For this purpose, on the 14th 1 laid open the cranium of a
frog under chloroform and thrust a very fine needle into the cerebral hemispheres,
while one of the feet was stretched under the microscope: no effect was, however, pro-
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612 ME. J. LISTER ON THE PARTS OF THE NERVOUS SYSTEM

Abundantly sufficient proof had now been obtained that the cerebro-spinal axis does
contain a neryous centre for regulating the contractions of the arteries of the feet.
But it was uncertain whether that centre were confined to any one part of the cord, or
diffused extensively through it and the brain; or even whether a similar office might not
also be discharged by some of the sympathetic ganglia. With a view to determining
these points, which are of great physiological interest, several experiments were per-
formed, some of which it will be necessary to relate; but in order to make their deserip-
tion intelligible, it will be well to say a few words regarding the arrangement of the
spinal cord in the frog. It does not occupy the entire length of the spinal canal, but
extends backwards only seven-tenths of the distance from the occiput to the sacrum,
while the posterior three-tenths of the canal contain merely the canda equina, including
a slender filiform prolongation of the cord, which, though apparently composed in part
of nervous matter, seems to give off no nerves.

In the accompanying sketch of the superior aspect of the brain and
cord of a frog, magnified two diameters, the distance from @ to b repre-
sents the length of the spinal canal. The principal nerves for the hind
legs spring from the cord near its extremity, but other smaller branches
with the same destination arise nearly as far forward as the middle
of its length. There are also connecting filaments between these and
some nerves for the abdominal parietes, taking origin slightly further
forward than the middle of the cord. Thus the nerves for the poste-
rior extremities are furnished chiefly, but not quite exclusively, from
the posterior half of the cord. To expose the cord in its entire length
without injury to it or any of its slender branches is troublesome,
and also involves much loss of blood. 1t is therefore very desirable to
be able to come at once on any part of the cord you may desire,
without laying open the whole canal. This can be readily done from
the data above given. The articulation between the occiput and first vertebra can be
felt through the skin, as also can the commencement of the sacrum; and the distance
between these points is the length of the spinal canal. This, multiplied by 0-7, is the
length of the cord: the requisite fraction of this length is then measured from the
occiput and gives the place required.

Assistance may also be derived from the circumstance that the posterior edges of the
scapulee correspond very nearly with the mid-length of the cord, overlapping the posterior
half by only about 4'5th of the whole.

To proceed with the experiments. On the 16th of April, a large frog being put
under chloroform, the entire brain was removed about 3 o'clock p.x. without injury to
the cord.  After this operation, the arteries, which had previously been of pretty full size

elucidating the nature of inflammation. Little if mny reflex action of the limb oceurs when irritanta are
applied to the web; and if no great amount of blood have been lost in the operation, the creature will survive
it a long while, e. 4. eight days in one case.
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614 MR. J. LISTER ON THE PARTS OF THE NERVOUS SYSTEM

artery was found quite constricted and the web exsangunine. At 6 6= 10* the artery
had somewhat dilated, and measured 13°, but the blood was moving very slowly through
the vessels, the heart being evidently exceedingly enfeebled. At 6* 40™ the portion of
the cord was detached from the roots of the nerves which sprung from it and removed
from the canal, immediately after which the artery was found dilated to 13%, but the
blood had ceased to move in consequence of the feebleness of the heart.

The experiments upon this animal show that if the brain and anterior third of the
cord act at all as nervous centres for the arteries of the feet, they are certainly not the
only parts which possess that function; and also, that irritation of any part of the
anterior half of the cord gives rise to contraction of the arteries of the webs, followed
by dilatation, varying much in extent and duration, but generally proportioned in both
respects to the previous constriction. It is probable that the dilatation would have been
greater after the last operations, had the heart been working more powerfully; for it
will hereafter appear that a cerain amount of distending force on the part of the blood
is necessary for the vessels becoming fully expanded.

On the 18th of April, having put a large frog under the influence of chloroform, T
removed a vertebral arch opposite the junction of the middle and posterior thirds of the
scapulee, and then cut across the cord in that situation, 7. . rather more than a line
anterior to its middle; a slight retraction of the two segments proved that the division
had been thoroughly effected. This was at 10 o'clock aa. A few minutes later the
arteries had recovered from the effects of the irritation; one selected for special observa-
tion, having measured 13° just before the operation, now varied occasionally between
11° and 13°, and the circulation was rapid through the vessel. The next vertebral arch
posteriorly having been removed, the cord was divided as far back as it was exposed, at
10 23= 50°; immediately after which the web was found exsanguine in consequence of
complete closure of all the arteries, which continued almost in the same condition for
ten minutes, at the end of which time the artery selected was still so small as to trans-
mit single corpuscles with difficulty. At 10" 35= the portion of cord included between
the points of section was detached from the roots of the nerves connected with it and
removed from the canal. It measured nearly a line in length, and the posterior seg-
ment thus shortened proved afterwards to be only a very small fraction more than half
the length of the cord. The vessels afterwards relaxed slowly, so that at 10% 37= the
corpuscles were passing a little more freely through the artery. At 11 15™ the artery
measured 13°, but transmitted the blood in a very languid stream; and at noon the
evidences of circulation were so equivocal, that 1 suspected the creature, which was wealk
to begin with, to be dead, though this afterwards proved to be a mistake. At 0 46" Pp.M.
the same state of things continued, and the artery still measured 14°, having remained
unaltered in calibre for the last hour and a half; but I determined to try the effect of
irritating the posterior segment of the cord, and introduced the point of a needle a short
distance into its anterior extremity and withdrew it immediately, keeping my €yc OVEr
the microscope. The effect upon the artery was :mmediate constriction, causing a retro-






616 MR. J. LISTER ON THE PARTS OF THE NERVOUS SYSTEM

that influence through the branches which connect them with the sympathetic, but
only through the roots of the nerves given off from the more posterior parts of the
cord.

On the 2nd of June, a large frog having been put under the influence of chloroform,
the vertebral arches were removed, from the sacrum to the posterior edges of the sca-
pule, and at 0* 30® p.ar. the cord was divided immediately behind the latter situation,
i. ¢. a little behind its middle. The left foot being examined shortly after, the arteries
were seen to be considerably constricted ; one of them, which appeared to be a principal
trunk, permitting single corpuscles to pass with difficulty, and the contraction became
extreme after irritation of the posterior segment of the cord with a needle. The whole
of the exposed part of the cord and the cauda equina, including the chief branches of
nerves for the hind legs, were then removed (at 0* 56=), and when the foot was again
looked at, at 1* 107, the circulation, which had been previously entirely arrested by the
contraction of the vessels, was going on rapidly through dilated arteries, the one before
mentioned now measuring 3°. This, however, proved not to be the extreme degree of
dilatation of which the vessel was capable; for a stream of water at about 120° Famg.,
thrown for perhaps a second upon the foot, induced, after brief imperfect contraction, an
expansion to nearly 4°, which again was followed after a few minutes by a return to 3°
This experiment was several times repeated. In the right foot, which had not been
subjected to the hot water, though necessarily equally affected with the other by the
removal of the portion of cord, the arteries were found of moderate size at 3* 45=,
having evidently recovered, to a considerable extent at least, their contractile power
during the 2§ hours which had elapsed since the operation. One which at this time
measured 1§°, became dilated on the application of hot water to 3°, and afterwards con-
tracted spontaneously to 2°.

At 4% 15® an additional portion of the cord was removed, so as to clear the spinal
canal as far forward as the anterior third of the scapulie. The arteries became at once
dilated to some extent, notwithstanding that the heart’s action was greatly enfeebled
by this operation; and at 6 45™ they had attained nearly the full diameters that the
hot water had before induced, while the circulation had somewhat recovered. Next
morning the arteries of the two feet, the dimensions of which were before given,
measured 4° and 3° respectively, and they continued without the slightest variation until
5" 25™ p.m.; the circulation meanwhile had continued to improve, and was healthy,
though still langnid. I then removed the remainder of the cord and the entire brain
without producing any effect whatever on the size of -the arteries, and they still measured
precisely the same at 10* 45™ p.a.  The following morning the frog was dead, and the
tissues of the web had become opaque by the imbibition of water.

In this case the arteries recovered their contractile power after the removal of the
greater part of the posterior half of the eord, together with the chief roots of the nerves
for the hind legs; but when the part which furnishes branches to the posterior extremi-
ties had been completely removed, the arteries became permanently dilated ; and, though
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fi* p.ar., an hour and a half after the amputation, the vessel still maintained the same
calibre, but at T* 35 it was slightly less, viz. 4°, which was still its measurement at
11 o'clock. Hitherto no change distinetly referable to vital contractility had taken
place, but on the following morning the vessel was reduced to 3° in diameter, and on
the 4th of April it was of different sizes in different parts, viz. from 14° to 3°, and varied
somewhat during the course of the day. Still more striking changes in the diameter of
the artery appeared on subsequent days; thus the vessel was sometimes constricted to
absolute closure in one part of its course, and dilated to a very considerable degree,
é. g. 34°, in another part. More commonly, however, the artery, though never uniform
in size as in health, had a general tendency either to moderate constriction or dilatation.
The variations occurred frequently during the twenty-four hours, and on one occasion I
saw the artery in the act of slow contraction at one part driving the blood into a
dilated portion at a little distance. So late as the evening of the 10th of April, 7. .
during the ninth day after amputation, far later than vital contractility is generally
believed to last in a limb so circumstanced, variations of ealibre continued to show them-
selves: but on the 11th of April the vessel had an almost uniform width of nearly 37
and exhibited no variations, while, at the same time, other evidences of loss of vitality
in the tissues began to show themselves. The accompanying outlines of the calibre of
a limited portion of the artery, which was the subject of special observation, have been
made from micrometrical measurements selected from among a large number daily
registered. They will serve to convey an idea of the more striking varieties of appear-
ance presented at different times. It may be mentioned, that the diameter of the vessel,
when most dilated, was about 4} times the length of a red corpuscle of the frog’s blood.

April 3. ...... G (s Soc v i e e e
-\-\"""--._.__\_‘_ _'_-_-_'_'_-_'_'___-_'_'_______.--
e———
Aprl 6. ...... 815 PM == T
Prll A :L\-‘-\"_\_"-:\_\__'_—— —— ____T'_:_-—'—'_'_'
Aprl T B T2
pnl ::::-::“'—\——.______.._. --——'__'_"_,_'_-—-u-——"—'_'_'_._-d‘;:
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April 10. ...... 5§ OPwm, '“-\_‘_h__‘_‘_‘_‘__
et — ST T ﬁ
April 11. ...... 11 10 A M_. SRR
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It must be added, that the limb was kept wrapped in clean wet lint in a cool place
in the intervals of the observations, and that during the periods of examination care was
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From the analogy of the intestinal and cardiac movements®, it is probable that the
local coordinating apparatus for the arteries comes into play in all cases of arterial con-
traction in the living animal, and is the medium through which the nerves which arise
from the cord act upon the vessels. But it is very important to bear in mind that it is,
under ordinary circumstances, in entire subjection to the spinal system, and only acts
independently under special conditions of local irritation.

It remained as yet undecided whether the nervous centre for the arteries contained in
the cerebro-spinal axis were extensively diffused or limited to some particular region of
it. The experiments hitherto related had revealed nothing absolutely irreconcileable
with the hypothesis of a spot about the middle of the cord being the special regulator
of the contractions of the vessels; a view indicated, though by no means proved, as
regards the arteries of the face and fore-limbs in Mammalia, by the observations of
Warer and Bunce and of Scirr, alluded to at the commencement of this paper. Tt
appeared probable that this point might be readily determined by removing the middle
third of the cord, and ascertaining whether or not the arteries still retained their con-
tractilityt. Accordingly, on the 26th of August, 1857, having selected for measurement
an artery in one of the webs of a frog, I divided the cord transversely at the distance of
a quarter of its length from the posterior end, at 11" 7= s, During the next half-
hour the diameter of the vessel was observed varying frequently from 3° to 14° At
[1% 34m the cord was again cut across opposite the middle of the scapule, i. 6. at a
distance of a little more than a quarter of its length from the occiput. After this opera-
tion the artery was observed fonabout a quarter of an hour varying occasionally in calibre
between 1° and 2°. At 118 53™ the portion of cord intervening between the two trans-
verse incisions, and measuring very nearly half its entire length, was removed, imme-
diately after which the artery measured 14°. At 11" 55™ its diameter was 1°, the heart
meanwhile continuing in good action, and twelve minutes later the vessel was again seen
to change in calibre from 1° to 13° and back again to 1°. The heart's action after-
wards became very feeble, and the parts of the nervous centres concerned in regulating
the arterial calibre appeared also to be failing in their functions, the vessel varying very
slightly, and gradually increasing in diameter, till towards 1b pr.w. its measurements
were from 2° to 23° At 1b 1 the posterior end of the cord was removed, immediately
after which the diameter of the artery was above 22° or larger than ever seen before;
at 18 4™ it was near 24°, and continued so at 1M 10m. Soon after this the civeulation
ceased entirely.

In this case, notwithstanding the removal of the two middle quarters of the cord, the
arteries were observed moderate in size and varying in calibre at a time when the heart

" was acting well. Hence it was evident that the middle portions of the cord are not

* See “ Preliminary Account, &e.,” before referred to.
t In the original manuscript T was obliged to express my regret that time had not yet permitted me to
carry out this iden.  The dates in the text indicate that it has been done since the paper was read.
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than the tip of it; but allowing for a certain amount of contraction, it may be reckoned
as one-fifth.

This case shows that the extremity of the cord acts as a nervous centre for the arteries.
But the experiment of the 2Znd of June proved that after the removal of the greater part
of the posterior half of the cord, the vessels still remained under the control of the
nervous system*®. Hence it is clear that the nervous centre for the arteries is not con-
fined to any limited region of the cord. ;

This experiment also indicates, in a very striking manner, how small a piece of the
cord will suffice to regulate the calibre of the arteries, and how little effect may be pro-
duced, even in the first instance, by the removal of a large portion which also possesses
that function. For it was shown, by the absence of contraction in the vessels when the
anterior segment was irritated, and still more conclusively by the absence of dilatation
when the anterior segment and the brain were removed, that the posterior segment was
the only part capable of acting on the arteries after the removal of the middle segment ;
or, in other words, that this operation deprived the arteries of the influence of the whole
cerebro-spinal axis, except the posterior fifth of the cord. Yet, although the heart was
acting powerfully at the time, the dilatation produced by this procedure was only mode-
rate in amount, and very transient. Hence it follows that the mere fact of the speedy
return of the arteries to their former state of contraction, after removal of an anterior
portion of the cerebro-spinal axis, as seen in the experiment of April 16th, 1857+, is no
ground whatever for believing that such a portion does not act as a nervous centre for
the arteries. This being clearly understood, the invariable occurrence of contraction,
when the posterior part of the brain or the anterior half of the cord was imritated, in the
experiments of April 14th and 16th, 1857, must be regarded as strong presumptive
evidence, if not absolute proof, that they as well as the posterior half of the cord pre-
side over the arterial contractions in the feet, although, as shown at page 615, they
appear to exert their influence only through those roots of nerves which take origin
from the posterior regions of the cord. On the other hand, the cerebral hemispheres
seem to take no part in this function, so far at least as it is safe to draw any inference
from the negative evidence derived from a single experiment performed upon them, viz.
that mentioned at page 610,

The fact that the removal of a large portion of the cord is followed by only temporary
dilatation of the arteries, provided that a part remains which furnishes roots of nerves
for the posterior extremities, is in harmony with the transient effects which were seen to
be produced upon the vessels by partial division of the roots of the nerves within the
spinal canal in the experiments of April 8th and 11th, 1857§. Tn both these cases the
arteries of the webs appeared to recover their contractile power completely, although the
leg remained nearly, if not entirely, paralysed; which seems to indicate that a few fibres of
the nerves for the blood-vessels of a part can supply the place of the rest more perfectly
than is the case with the ordinary nerves of sensation and motion. This peculiarity of

* Vide page 616. + Vide page 618. t Vide pp. 611, 618. § Vide pp. 609, 610.
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sion of the nerves connecting the vessels with the nervous centre which presides over
their contractions. It has been shown by recent discovery that sensation and voluntary
motion are abolished in parts whose nerves have been divided, until repair has been
effected by a process of fresh formation of the nerve-fibres. But the control of the flow
of the nutrient fluid is not allowed to be interrupted in this manner, but continues to be
exercised more or less perfectly, notwithstanding nearly absolute severance of nervous
connexion.

Allusion has been more than once made to the circumstance that arteries do not
dilate so fully when the heart is very feeble as when it is in powerful action. This was
strikingly illustrated in the case of the frog which was the subject of operation on
April 16, 1857. Immediately after the experiments recorded at page 614, the heart
having ceased to cause movement of blood in the web, I induced complete constriction
of the arteries by irritating with a needle the posterior part of the cord, and then
thoroughly cleared the spinal canal of its contents. The artery under special observa-
tion did not, however, become dilated to a greater diameter than 147, although during
the earlier experiments, when the heart was acting vigorously, it had been observed to
attain sometimes a calibre of 3°. The heart never recovered its power, and the vessel
maintained this medium width as long as I continued to examine the animal, namely,
three hours.

From this and other similar observations, I infer that full dilatation of the arteries is
a merely passive phenomenon as respects the parietes of the vessels. Contraction is
effected by the muscular fibre-cells of their cireular coat, on the relaxation of which
the elasticity of the arteries tends to make them expand to a certain degree, beyond
which they do not dilate, except in so far as they are distended by the blood.

It was observed by WHARTON JoNES*®, that section of the sciatic nerve in the thigh of
a frog was followed after a time by eedema of the limb and exfoliation of the epidermis.
If this were dependent on the dilatation of the arteries produced by the division of the
nerve, the fact would have a very important bearing upon the cause of inflammatory
effusion. 1 find, however, that neither edema nor exfoliation results from permanent
full dilatation produced by operations upon the cord or the roots of the spinal nerves;
while, on the contrary, both took place in the case of division of the sciatie, given in
the early part of this paper, in which it will be remembered that the arteries reco-
vered their contractility completely within half an hour, and presented, during the next
twenty-four hours, precisely similar appearances with those in the other foot. Hence
it is evident that the phenomena in question are not due to vascular relaxation, but to
some other circumstances attending the operation performed upon the thigh.

It remains to be added, that, in a healthy state of the web, no change in the proper-
ties of the blood was ever observed to accompany the constriction of the arteries on
irritation of the cord, or the dilatation which followed the destruction of the nervous

* Medico-Chir. Trans, loe. cif.
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tents of the cells are described as dark granules suspended in a fluid; and both von
Wirricn and HariLess have distinetly seen the granules rolling along in the offsets
during the process of concentration. All the authorities agree in the opinion that the
fluid and granules move together from one part of the cell to another, the offsets being
supposed empty of both when the pigment is accumulated in the body of the cell®.

In some respects the above deseription agrees with my own experience of the common
frog of this country (Rana femporaria). T find that this well-known animal exhibits
changes of hue almost as great as those of the chameleon, every specimen being capable
of varying from a very pale to a very dark colour, the former being generally greenish
yellow, but in some varieties reddish; and the latter brownish black, or sometimes
coal black; while between these extremes any intermediate shade may be assumed.
The depth of tint is generally proportioned to that of swrrounding objects: thus a frog
caught in a recess in a black rock was itself almost black ; but after it had been kept for
about an hour on white flagstones in the sun, was found to be dusky yellow, with dark
spots here and there. It was then placed again in the hollow of the rock, and in a
quarter of an hour had resumed its former darkness. These effects are independent of
changes of temperature; for similar results may be obtained by placing a frog alternately
in a vessel from which luminous rays are excluded, and in a white earthen jar covered
with glass, in the same situation. Different examples, however, differ much in their
sensifiveness to light. A violent struggle on the part of the animal is often followed by
a speedy alteration from a dark to a pale state of the skin. It seems very doubtful
whether psychical excitement has anything to do with this occurrence, any more than
with the arterial confraction which invariably takes place under such circumstances.
Neither oil of turpentine nor galvanism, when applied to the integument, produces, so
far as T have seen, any effect upon its colour; our species being little influenced in this
respect by direct irritation. T have however frequently observed, after forcibly pinching
a dark web, that a pale ring, about fsth of an inch in breadth, has formed around the
area so treated; but this was very slow in appearing, being first noticed from half an
hour to an hour after the pinch was given.

The webs of the hind feet, examined under a low power of the microscope, exhibit
differences in the distribution of the dark pigments according to the tint of the skin,

# From the way in which vox Wirrron alludes to Briloxe's deseription, it is elear that the latter supposed
the cells to be contractile.  Vox Wrrrion himself in his first paper speaks of the movement of the pigment
indueed by galvanism as © satisfactorily " showing “ that the stellate pigment-cells are contractile.”” In his
second paper (vide MUrrer's Archiv, 1854, p. 268), he expresses some doubt regarding the contractility of
the eell-wall, but clearly speaks of the contents (fluid and granules) as moving together. Hanuess, after
deseribing “ the rolling of the pigment-molecules towards the centre of the cell,” goes on to say, © that this
rolling may be possible, there must be a fluid in the cells and offscts, fo whick the molecules owe their move-
ment.” He takes it for granted that the movement of the fluid must be due to some contractile agency, and
as he finds no apparatus of this nature around the eells, and as the unstriped museular fibres of the skin
have no special relation fo them, he infers that the cell-wall is itself contractile.

+ Other kinds of pigment are also present in the skin of the common frog, gencrally of yellow colour,
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the number of divisions traversed, these having a known proportion to the depth
measured. Opportunities for testing the correctness of this measurement were pre-
sented by other cells which lay edgewise, so that their thickness could be observed
directly.

Perhaps the strongest argument in favour of the cellular nature of these receptacles
of colouring matter is afforded by the universal presence of a nucleus in the central
cavity of each. In large frogs it is often difficult or impossible to discover clear evidence
of it, but in small ones, in which the web is much thinner and its constituent parts
therefore capable of clearer definition with the microscope, it can be quite distinetly
seen in the reticular condition of the pigment. Tts form and relations may be gathered
from figs 8, 9 and 10. In 8 and 10 the bodies of the cells are viewed on the flat, and
the nucleus appears as an oval colourless body, about g4th of an inch long by g4455th
of an inch broad. In fig. 9 the body of the cell is seen edgewise applied to the wall of
a capillary blood-vessel, which is embraced by its processes. The thickness of the
nucleus is thus displayed, and is shown to be equal to that of the cell in which it lies,
which in fact it causes to bulge slightly, and also nearly as great as the breadth of the
nucleus in figs. 8 and 10. In the cell of fig. 10, the thickness of the nucleus, measured
in the manner above described, was found about equal to its breadth. The nucleus in
fig. 8 is not centrally placed in the body of the cell, and I have in some other cases
seen it still more excentric*,

The contents of these cells are very minute dark granules or molecules suspended in
a colourless fluid, in which I have often seen them moving freely: when in considerable
mass they produce a jet-black appearance, but exhibit a brown tint when present only
in small quantity.

When the skin of the animal is very pale, the colouring matter is all accumulated in
the central parts of the cells. With regard to the method in which this change is
effected, I am compelled to differ altogether from the before-mentioned authorities, who
suppose that the granules and fluid are together forced by contraction from the pro-
cesses into the bodies of the cells. They seem to take it for granted that the depth of
tint of any one part of a eell depends simply upon the bulk of the contents situated
there, and the consequent thickness of the coloured medium through which the light
passes before reaching the eye. This, however, is by no means the case, as may be
seen by referring again to Plate XLVIL fig. 3. The pigment is there represented fully
diffused through the ramifications of the offsets, and some of the smallest of these are
darker than the bodies of the cells and the adjoining broad parts of the processes; yet
the former are far from being thicker than the latter: on the contrary, some of the
branches, though conspicuous for their blackness, appear but as delicate lines which can
be seen only at one focus when a glass of very high power is employed ; while the bodies
of the cells, as above mentioned, possess considerable thickness, and the processes are

* The precise relations and dimensions of the nucleus have been ascertained subsequently to the reading
of the paper,
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not exist in fig. 5, which represents the lower of the two cells in a more advanced state
of concentration. The remote branches of the processes were then for the most part
invisible, and those which did appear were generally pale, instead of dark, as they had
been during full diffusion. This difference does not depend on contraction of the
branches, but on the granules being absent from them, or sparsely scattered instead of
closely packed ; and I have often ascertained from some granules remaining widely sepa-
rated in a process, that it was of large calibre, though, without careful searching, it would
have seemed invisible. Evenin fig. 6 concentration is not represented absolutely perfect ;
for a few molecules arve to be observed near the black mass in the more circumferential
parts of the body of the cell. The extreme delicacy of the cell-wall makes it very
difficult to trace it among the surrounding tissues, and T have not attempted to give it
in these figures, which, it must be clearly borne in mind, represent only the colouring
matter. The external parts of the body of the cell and the principal processes may,
however, be sometimes discovered, though perfectly colourless in consequence of concen-
tration: they are then found to be of the usual dimensions met with in full diffusion,
showing that they are still full of fluid though destitute of granules. In fact the only
change of form to which the cells appear liable, is a slight bulging of the central part
at the seat of the black mass in the concentrated state, which I have detected in some
cases by camera lucida sketching, and which is consistent with the separation of the cell-
wall from the nucleus, implied by the ultimate disappearance of the central pale points
of fig. 4.

The movement of the granules towards the centres of the cells may be seen without
any great difficulty. The death of a healthy frog is always followed by complete concen-
tration of the pigment for a time, however much diffused it may have previously been,
and the process taking place gradually, its progress can be observed. 1If a frog with the
skin dark, and the pigment therefore diffused, be killed and the web examined soon
with a good glass of high power, the granules may be seen distinetly moving along the
offsets of each cell to join the dark mass which is becoming accumulated in the central
part. If the process is going on languidly, the individual molecules advance slowly with
slightly dancing movements, indicating that they are free in the fluid and not confined
in any way to the cell-wall.  If concentration is taking place more speedily, the granules
rush along so quickly that no time is allowed for observing their molecular movements,
and often their motion is so rapid as to elude the eye altogether. In one instance a large-
sized offset, which at first contained abundance of pigment, became gradually cleared in
this way of its colouring matter without any change in its dimensions, till it was almost
invisible on account of the very small number of molecules remaining in it.

It is thus a matter of direct observation, that the pigment-granules move along into
the bodies of the cells during concentration, and leave colourless fluid behind them in
the processes. It is clear that their motion cannot be explained by currents in the
fluid ; for streams proceeding towards the centre of a cell wonld necessarily be accom-
panied by a returning flow in the opposite direction, which would carry the pigment with
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consistent with the appearances described, is that of a mutual repulsion on the part of
the pigment-granules, induced by some agency strongest at the centre of the cell and
feeble in the remotest branches of the offsets.

On the 27th of October, 1857, I was observing a cell in which post mortem concen-

tration had oceurred, the pigment being in the angular condition. At one of the angles
movements of the granules were going on, of which I will content myself with giving two
examples. At one time a number of molecules started off together with great rapidity
from the black mass, but stopped after having proceeded a certain distance; some of
them remaining in their new position, while others returned at various rates towards
the centre. At another time an individual granule moved slowly away for a little space,
and then came back by a circuitous route to a different part of the mass from that
which it had left. ‘What I then saw has led me to believe that the movements of the
pigment-molecules are of a complex character that will perhaps never be fully explained.
In the mean time it is clear that concentration and diffusion are both active vital func-
tions, and that both imply peculiar relations of the centre of each cell to the pigment-
molecules, as distinguished from the fluid in which they are suspended.

These conclusions invest the pigmentary changes with deep physiological interest.
In the movements of the granules towards and from the centres of their containing
cells, we now have ocular demonstration that a particular kind of material may have
impressed upon it by wvital action, independently of musenlar contraction or ciliary
motion, tendencies to rush energetically to or from certain fixed points in the tissues,
through distances equal to nearly twice the thickness of a villus of the human intestine,
and several times greater than the average breadth of a human capillary interspace.
Whether we be able to explain the means by which such results are accomplished or
not. it is obvious that forces of similar powers and range of operation, if suitably
modified according to the circumstances of each case, would be more than adequate to
cause the passage of particles of fat from the cavity of the intestine into the central
lacteals of the villi, or the transit of the material required for a particular secretion or
act of nutrition out of a capillary into a neighbouring gland cell or other portion of
tissue ; and, again, for the discharge of an elaborated product of secretion into a duct, or
the return of waste matter into the blood-vessels or lymphatics. "We thus obtain a basis
of fact for what has hitherto been merely conjectural, in the explanation of the processes
of absorption, secretion and nutrition generally.

The functions of the pigment-cells are under the control of the nervous system *,
as is evident from the effects produced on the colour of the skin by a struggle on the
part of the animal. .

Much attention has been devoted by vox Wirrich to the inquiry, by what ganglionic
centres this control is exercised. He found that division of the sciatic nerve in the

* The part of the paper devoted to this branch of the subject has been entirely rewritten; md_thﬂ dates
in the text imply that most of the observations with reference to it have been made since the reading of the
manuscript before the Society.
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the truth of this idea, the following experiment was performed. In the afternoon of the
10th of October 1857 I divided in a pale frog all the soft parts in the middle of the
right thigh, except the femoral artery and vein and the seiatic nerve; and late in the
evening, having ascertained that the circulation was going on freely in the webs, I cut
the nerve also, no effect having been hitherto produced upon the colour of the limb.
Next morning the body generally was still pale, but the right leg was black from the
wound downwards. The same remarkable appearance continued till the evening, when
circulation ceased in the limb. On the 13th I performed the same experiment upon
both thighs of another large pale frog, leaving the sciatic trunks entire in the first
instance, until I had ascertained that the circulation in the feet had not been interfered
with. Three hours after this had been done I divided the nerve in the left thigh, and
in about forty minutes observed that the leg was d'en::idcdly darker below the seat of
operation.  After another hour I found the pigment stellate in the left webs, whereas
it was in the dotted condition in the right foot. T then cut the nerve in the right limb,
and within a quarter of an hour the leg was already considerably darker below the
wound, and the pigment in the webs had become stellate. Next morning the body was
still pale, but the legs were very dark, and they continued to deepen in tint, although
the animal was kept in a white earthen jar covered with glass in a bright light, till at
about 3 .. they were almost absolutely black, while the pigment was diffused in the
webs to the extremest degree, the body meanwhile and the upper parts of the thighs
retaining their former light colour. The tint of the legs remained unaltered till the
death of the animal, which took place several hours later.

The natural interpretation of these results appeared to be, that there exists a con-
stant tendency to diffusion of the pigment in a limb so soon as it is liberated from
the influence of the usually recognised nervous centres. It afterwards occurred to me,
that if this were really true, diffusion of the pigment might, by proper management,
be observed in an amputated limb before the supervention of the tendency to post
mortem concentration: for I knew, from reasons to be mentioned hereafter, that this
effect of death depended on the cessation of the flow of blood through the vessels, and,
from what I had seen of arterial contractions in the frog's web, and vermicular move-
ments of the mammalian intestine from a similar cause, I felt sure that, if the blood
were retained within the vessels, the arrest of the circulation could not be instantaneous
in its effects upon the pigment, but that some minutes would probably be required to
develope them ; during which time the diffusion resulting from liberation of the pigment-
cells from the influence of the ganglia in the trunk would proceed unchecked. Accord-
ingly, on the 3rd of September, 1858, having tied a string tightly round the ankle of a
pale frog, I immediately amputated above the ligature, and, avoiding the loss of time
involved in tying out the toes, placed the foot at once on a plate of glass with a drop
of water, two adjacent toes being kept apart by morsels of moistened lint. Within a
minute and a half of the application of the string, the pigment in the web was observed
to be in the angular condition, with short simple projecting processes, 7. 8. approaching
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These facts indicated pretty clearly that the eyes are the only channels through which
the rays of light gain access to the nervous system so as to induce changes of colour
in the skin. But for the sake of confirmation T thought it worth while to perform the
following experiment. Two very dark frogs having been obtained, T put a hood of
black cloth on the head of one of them, leaving the body and limbs uncovered, an aper-
ture being made in the cloth below the throat for the purposes of respiration, and then
placed them both in the same glass vessel exposed to white light. The struggles of the
animal while the covering was being adapted and secured, had the effect of making it
grow much paler, so that it was of about medium tint when introduced into the glass;
while the other, which was from the first the darker of the two, still retained its original

coal-black appearance. Half an hour after this had been done, the contrast between.

them was much diminished, partly in consequence of the dark one having become
slightly paler, but much more from the paler having grown darker. After another half
hour they were of precisely the same colour, and when another similar period had
elapsed, that which was the darker to begin with was distinctly the paler of the two,
being much lighter than at first, though still considerably darker than mediom. A
hood was now placed upon this animal, and that upon the other was removed, and both
were replaced in the same light as before. This procedure occupied about ten minutes,
and within seven minutes of its completion the creature which had the head uncovered
was already the paler of the two, having grown decidedly lighter in colour; while that

on which the cap had been last placed seemed somewhat darker; and after another

hour, while the latter was still of much the same dark shade, the former, with the head
exposed, was very much paler, being about midway between the medium and the palest
possible tint. An experiment of the same kind was performed upon another pair of
frogs with very similar results, the details of which it is not necessary to mention. I
afterwards found that the presence of the hood tends to check diffusion, or even in some
cases to give rise to concentration of the pigment, probably by making the animal
struggle to throw it off; so that in one instance a frog which was put in a perfectly dark

place, immediately after the cap had been put on, grew much paler in the course of two

hours. This circumstance prevents the skin from becoming as dark on the application
of the hood as it would do if the head could be covered without exciting the animal.
This, however, only renders the facts above mentioned more striking, so that they afford
of themselves sufficient proof that the direct action of light upon the integument is
incapable of affecting the pigmentary functions; and thus the conelusion before arrived
at receives complete confirmation from these experiments.

There is of course nothing new in the fact that other functions besides vision may be
excited in a reflex manner through the optic nerves; the contraction of the pupil, and
the sneezing experienced by many persons on coming suddenly into bright sunshine,
being well-known examples of such phenomena. On the other hand, the view that the
cutaneons nerves are sensitive to luminous impressions was destitute of any support from
analogy *.

* Tn the chameleon, a part exposed to the sun becomes darl, while the rest of the body remains unaffected.
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sciatic trunk. Hence it appears that post martem concentration is the result of the cessa-
tion of the flow of the blood through the vessels, and that it is a purely local phenome-
non developed in some manner quite independent of the central organs of the nervous
systen.

The period at which it occurs varies a good deal in different cases. This seems to
depend partly upon whether the blood is retained in the vessels or not. Thus in one
instance in which a piece of web was cut out, so as to ensure complete escape of the
vital fluid, the process was already considerably advanced within nine minutes; whereas
i the case above related, in which the blood was retained in the limb by a ligature,
concentration did not commence till full a quarter of an hour after amputation. The
season of the year also seems to have a great effect. In a cold room, in the depth of
winter, I have known some hours elapse before the pigment began to change in an
amputated limb: this is probably owing to greater languor in all the vital processes
during the period in which the creature naturally hibernates.

The dead frog, if previously healthy, assumes after a while a nearly uniform pale
colour, concentration being carried to the extreme degree in all parts. It does not, how-
ever, remain in this condition; for when a variable time has passed, the skin becomes
again somewhat darker, and on microscopic examination the pigment is found pretty
uniformly angular or stellate. Nor are these the only changes to which the pigment
is liable after death, as I first became aware in April 1858, when examining an ampu-
tated limb with reference to the post mortem contractions of the arteries, the blood
being retained in the vessels. In that case, after complete concentration followed by
slight diffusion had taken place, irregular changes began to appear; some tracts of the
web under observation becoming affected with more or less full diffusion of the pigment,
while in others it became more concentrated. Then after the lapse of some hours its
state was found reversed, being concentrated in parts where it had been diffused, and
vice versd. These curious variations continued till so late as the tenth day after ampu-
tation, becoming more frequent after the first few days; so that sometimes a considerable
alteration was observable within half an hour.

These facts appeared to me of great importance, as proving the continuance of vital
actions for a much longer time than had been previously supposed possible in a severed
portion of the body. They seem also valuable with reference to the influence of the
nervous system over the pigmentary functions; for the circumstance that considerable
patches of the web usually had the pigment in the same condition throughout at one
time implies that a large number of pigment-cells were acting in concert, and therefore
probably under the control of the nervous system, although, as the leg had been ampu-
tated, they were of course freed from the influence of the central ganglia. Hence we are
led to suspect the existence in the limb of an apparatus, probably ganglionic in struc-
ture, coordinating the actions of the pigment-cells, just as we know that the muscular
contractions in the mammalian intestine are harmonized by a local mechanism of that
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will be remembered that a similar conclusion was derived from the study of the influence
exerted upon the pigment-cells by the central ganglia. Hence it appears that the ten-
dency to diffusion of the pigment-molecules is in constant operation in the cells, but
kept in check by an antagonistic concentrating agency varying in obedience to nervous
influence.

It is an interesting circumstance, that two functions seemingly so totally distinct as
muscular contraction and pigmentary concentration, should both be thrown into a state
of activity in consequence of arrest of the circulation. Tt is to be remembered, however,
that there is no evidence that either the involuntary muscular fibre or the pigmentary
tissue is directly influenced by the cessation of the flow of blood, the effect being appa-
rently produced through the medium of the local nervous system. This we know with
certainty in the case of the post morfem movements of the intestines: and we have seen
reason to think it likely that the same is true regarding the contractions of the arteries
after death, and the concentration of the pigment under similar circumstances. It is a
curious question how the arrest of the eireulation causes these actions of the local nerves.
The idea suggested by the facts is that the tissues begin to suffer from the want of fresh
supplies of the vital fluid, and resent the injury, as it were, by a struggle.

Rich in results of general physiological interest as the study of the pigmentary system
of the frog has proved, it has yielded fruit of not less value in a pathological point of
view. Indeed, what induced me to investigate the functions of concentration and diffu-
sion, was the unexpected light thrown upon the nature of inflammation by the effects
produced by irritants upon those processes. For information on this subject T beg to
refer the reader to the next paper in these Transactions.

The pigmentary system also promises to render good service in toxological inquiry.
Hitherto, in experiments performed upon animals with that object, attention has been
directed chiefly, if not exclusively, to the effects produced upon the actions of the nervous
centres, the nerves and the muscles. In the pigment-cells we have a form of tissue with
entirely new functions, which, though apparently allied to the most recondite processes
of the animal economy, yet produce very obvious effects, and thus afford great facilities
for ascertaining whether or not they have been destroyed by any poison that may have
been administered.

An experiment of this kind which I once performed, though with a different object,
may be mentioned by way of example. Being desirous of confirming the conclusion to
which T had been led by experiments above related, viz. that diffusion always tends to
take place when the influence of the nerves is withdrawn from the pigment-cells, it
occurred to me that the Urari poison might be bronght into requisition for that purpose:
for it has been shown by Professor KiLuiker of Wiirzburg, that this substance para-
lyses in the first instance the extremities of the motor nerves without affecting the con-
tractility of the muscular tissue; and supposing the nerves concerned in regulating the
pigmentary changes to be similarly deprived of their powers, while the pigment-cells
themselves remained intact, diffusion should take place after exhibition of the drug, pro-
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that the vessels are abnormally loaded with blood, and if the irritation be continued, the
cuticle will be raised in the form of a blister. If, now, the loosened epidermis be artifi-
cially removed on the earliest occurrence of effusion, a scarlet raw surface will be
exposed ; and on pressing the tender dermis firmly with the finger, and suddenly removing
the pressure, it will be found that while the redness will for the most part have moment-
arily disappeared, there will be many minute red points from which the blood cannot
be expelled. This shows that, while the blood is in part still free to move, there are
some minute vessels completely clogged with it. Again, if a portion of mustard be
placed on the skin covering the dorsal aspect of one of the fingers, abnormal red-
ness will very speedily be produced, which in the first instance disappears completely
on pressure; but, if the mustard has been kept on long enough, can be only imperfectly
dispelled; and if the application be still longer continued, vesication will be the
result. I had lately the opportunity of examining the brain of a man who had died of
tetanus, complicated with ineipient meningitis; the post mortem appearance of the
latter being maculiform congestion of the pia mater. Having stripped off a portion of
the affected membrane, and carefully washed away with a camel’s-hair brush the cerebral
substance adhering to it, I applied the microscope to one of the affected spots, and
found that all the minute vessels were filled with crimson blood, while those of the
surrounding parts were comparatively pale. It was evident that the red corpuscles
were, in the former, so closely crammed together as to produce the appearance of a
uniform mass, while in the latter they were present only in their usual proportion to
the liquor sanguinis. Thus it appears that in the human subject, inflammation, whether
induced by mechanical irritation or by an acrid application such as mustard, or of
spontaneous origin, is characterized at an early period by a certain amount of obstruction
to the progress of the blood through the minute vessels; a phenomenon, which it is
therefore of great importance to understand.

It fortunately happens, that we have, in the transparent web of the frog’s foot, an
opportunity of observing with the utmost facility the circulation of the blood in the
living animal, and of watching the effects produced upon it by imitating causes. It
may naturally appear very doubtful whether observations made upon creatures so low in
the animal kingdom as the Amphibia, can with propriety be brought to bear upon human
pathology. A few facts will, however, suffice to show that no such doubts need be enter-
tained. If a portion of moistened mustard be placed upon the web of a frog, tied out
under the microscope, the blood-vessels will soon be found abnormally red; and if the
application be continued long enough, all the capillaries will become choked with cor-
puscles so closely packed as to present the appearance of a uniform crimson mass; and
by and by the epidermis will be found raised in the form of a blister over the part on
which the mustard lay. These effects are precisely similar to those which we have seen
to be produced by it upon the human skin; and before effusion has taken place, the
vessels of the affected part exactly resemble those of the congested spot of inflamed pia
mater above described. Again, if dry heat be made to act upon a part of the frog’s foot,
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each “rouleau” adhering to other rouleaux, a network is produced with intervals of
colourless liquor sanguinis. Rapid movement of the blood prevents this occurrence, but
it commences as soon as the corpuscles approach to a state of quiescence, and I have
seen short rouleaux already present in a drop drawn from my own finger within ten
seconds of its emission. In this respect the aggregation of the red corpuscles differs
from the coagulation of the fibrine, which does not begin till some minutes after with-
drawal from the vessels. There is, in fact, no connexion whatever between the two
processes, as is clear from the circumstance that if a drop of blood is stirred with a
needle while coagulation is taking place, so as to remove the whole of the fibrine, the
corpuscles, which have been separated from one another by the agitation to which they
have been subjected, aggregate again in the serum in the same manner as they did at
first in the liquor sanguinis. The beautifully regular form of the long masses of
corpuscles has suggested to some persons the idea of the operation of some peculiar
vital attraction in their formation, while by others the aggregation has been supposed
due to merely physical causes, but has never, I think, received a complete explanation.
For my own part, I am satisfied that the rouleaux are simply the result of the biconcave
form of the red dises, together with a certain, though not very great degree of adhesive-
ness, which retains them pretty firmly attached together when in the position most
favourable for its operation, namely, when the margins of their concave surfaces are
applied accurately together, but allows them to slip upon one another when in any
other position. There is never to be seen anything indicating the existence of an
attractive force drawing the corpuscles towards each other: they merely stick together
when brought into contact by accidental causes. Their adhesiveness does not affect
themselves alone, but other substances also, as may be seen when blood is in metion
in an extremely thin film between two plates of glass, when they may be observed
sticking for a longer or shorter time to one of the surfaces of the glass, each one
dragging behind it a short tail-like process; and as the movement of the blood dimi-
nishes so as to permit the formation of rouleaux, the latter may be not
unfrequently seen adhering in the same way by one of their terminal m@
corpuscles, as represented in the accompanying diagram. /L :

That the cylindrical character of the aggregated masses is an aceidental result of the
shape of the blood-discs, is evident from the fact, that in
the frog, although the same tendency to agglutination of
the corpuscles exists as in Mammalia, yet, as their bi-
convex form renders it mechanically impossible for them
to be applied to one another throughout their entire cir-
eumference, they become arranged in groups of an irve-
gular form, as is shown in the annexed sketch of blood
contained in a small vein of the frog's web.

Again, different specimens of mammalian blood differ very much in the amount of
adhesiveness of their corpuscles; and when this property exists beyond a certain degree,
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The red corpuscles also often adhere to the colourless ones.

It will be seen hereafter that the corpuscles of blood within the vessels of the living
body present great varieties of adhesiveness, according to the amount of irritation to
which a part may be subjected; such variations ave also met with in blood outside the
body, in consequence of differences in the quality of the plasma,

If a drop of very thick solution of gum-arabie, freshly prepared and free from acidity,
be added to about four drops of blood, the red corpuscles of the mixture will be found
to aggregate much more speedily and more closely than those of ordinary blood, a fact
ascertained some years ago by Mr. WaarroN JoNes and some other observers®. The
result is the formation of dense orange masses with large colourless interspaces, but
without much regular appearance of rouleanx. On closely examining such a specimen,
the red discs are seen to be much diminished in breadth and increased in thickness, and
exhibit an extreme degree of adhesiveness, sticking together indifferently by their edges,
or any other parts that happen to come first; and if one of the masses be stretched so
as to break, the separating corpuscles become drawn out into long viscid processes,
which at length give way in the middle, and each half is drawn into its respective
corpuscle.

This remarkable effect cannot be accounted for by the mere viscidity of the plasma,
which would not make the corpuscles adhere to each other more intimately than usual,
unless they had themselves experienced some change, of which, indeed, their altered
form is conclusive evidence. Further, if a very small quantity of acetic acid be added
to the gum before mixing it with the blood, the corpuscles will be found to have lost
altogether their adhesive character, although the mixture may be made viscid to any
degree that may be desired. A little acid perspiration on the finger appears to prevent
entirely the formation of rouleaux in a drop of blood taken from it; but after the finger
has been washed, the usual appearances present themselves when more blood is drawn.
Diminished adhesiveness of the red corpuseles is also the earliest evidence of the che-
mical action of tincture of cantharides and croton oil on the blood of the frog. A similar
effect is produced when a drop of human blood is shed into a little fresh almond or olive
oil on a plate of glass, and stirred slightly so as to break up the blood into minute drops.
On microscopic examination of such a mixture, one sees the red discs aggregated as
usual in the interior of the larger drops; but at their exterior, which is in contact with
the oil, and throughout the smaller drops, the corpuscles are somewhat altered in form,
being of less diameter, but thicker, though still in the form of discs, and at the same
time they are found to have lost every trace of a tendency to adhere together; and when
present in a thin layer of blood they stand apart at equal distances from one another,
as if exercising a mutual repulsion, at the same time exhibiting molecular movements.
If a drop of blood freshly shed upon a glass plate be stirred with a needle in an atmo-
sphere of chloroform vapour, the rouleaux will be found to form less perfectly in pro-
portion to the time that the chloroform has acted, until, if the period be as long as

* Guy's Hospital Reports, vol. viii. p. 78.







652 MR. J. LISTER ON THE EARLY S3TAGES OF INFLAMMATION.

The buffy coat in inflammatory blood was first explained by Mr. Whanrox Joxes*®,
who showed that it resulted from the red corpuscles aggregating more closely than usual,
and therefore falling more rapidly through the lighter plasma, so as to leave the upper
portions completely before the occurrence of coagulation. It was supposed by the same
anthority that this peculiarity of the red discs was due to increased fibrine in solution,
rendering the liquor sanguinis abnormally viscid, and so operating like the admixture
of gum above alluded to. But the fact that the corpuscles aggregate as closely after
the fibrine has been removed as before, appears quite opposed to such a view. I have
examined many drops of my own blood, before and after the removal of its fibrine, with
the special object of ascertaining this point, and have never been able to detect any
material difference between the aggregation in the two sets of cases. In the blood of the
bat before mentioned, which was probably suffering constitutionally from inflammation,
the corpuscles continued to retain their excessive adhesiveness for a whole hour after
coagulation of the fibrine. T once made a similar observation on a specimen of horse's
blood +, which, as is well known, presents the buffy coat in the state of health. Having
divided the clot vertically several hours after coagulation had occurred, my attention
was attracted, on looking at the section, by minute red points, like grains of sand,
lying in the lower part of the buff, just above the coloured portion of the congulum.
On microscopic examination of a small piece containing some of them, they proved, as
I expected, to be masses of aggregated red corpuscles, but with the peculiarity of being
compact and globular instead of presenting the usual appearance of a network of
rouleanx, and it was evident that the corpuscles had been excessively adhesive at the
time when aggregation took place. Some of the red discs were now squeezed out from
the fibrinous mass in which they lay, and as they escaped into the surrounding serum
they at once adhered firmly in that fluid, forming again compact globular masses, such
as, if in freshly-drawn blood, would necessarily give rise to the buffy coat; so that their
adhesiveness seemed to have been in no way affected by the withdrawal of the fibrine
from solution. Tt may of course be urged, that the fibrine, when in solution, may have
impressed upon the corpuscles an adhesiveness which they retained after soaking for
hours in serum, but this seems a very unlikely hypothesis. T suspect, therefore, that the
peculiarities of the corpuscles of inflammatory blood are the result of other changes than
the excess of fibrine.

From the facts detailed in this section, it appears that the aggregation of the cor-
puscles of blood removed from the body depends on their possessing a certain degree of
mutual adhesiveness, which is much greater in the colourless globules than in the red
discs; and that, in the latter, this property, though apparently not depending upon
vitality, is capable of remarkable variations in consequence of very slight chemical
changes in the liquor sanguinis.

# Pritish and Foreign Medical Review, October, 1842,
+ This observation was made subsequently to the reading of the paper, viz. in November, 1867,
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contraction. yet the capillaries retained their full average dimensions. After a while
the artery became so much more contracted as only to admit single corpuscles even
throngh the main trunk; yet still the capillaries fed by it did not appear affected in
calibre. This is but one example of what 1 have observed times without number.
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The capillaries, though not contractile, are highly elastic, and by virtue of this pro-
perty are capable of considerable variation in capacity, according to the distending force
of the current of blood. Figs. 3 and 4 of Plate XLVIIL., traced with the camera lucida,
show, besides the pigment in two chromatophorous cells of the frog's foot, part of a
capillary in nearly extreme conditions in point of calibre. TIn fig. 3 the vessel is about
equal in diameter to the length of a red corpuscle, while in fig. 4 it is so narrow that
the corpuscles in it are pinched transversely and elongated. When the capillaries are
most distended, their parietes are much thinner than when shrunk to their smallest
dimensions; an estimate may be formed of the difference by comparing the close
proximity of the corpuscles to the outer bounding line of the vessel in fig. 3 with the
considerable interval in fig. 4; that interval representing the apparent thickness of the
wall of the vessel. Tt is to be observed that the frog had been killed in a manner in-
volving eonsiderable hemorrhage before fig. 4 was traced, so that the capillaries were then
little, if at all, distended with blood. The thinness of the walls of the capillaries, as com-
pared with the small arteries, is, doubtless, calculated to favour the mutual interchanges
which must take place between the blood in them and the tissues in their vicinity.

1t is believed by some eminent authorities that mutual attractions and repulsions sub-
sisting between the nutrient fluid and the tissues among which it flows, become a source
of movement in the blood and assist its flow through the capillaries; while others regard
the heart as the sole cause of the circulation: and the difference of opinion on this
fundamental point in physiology involves discordance in pathological theory, for some
who hold the former view consider the changes which occur in the circulation at the
commencement of inflammation, to be principally owing to modifications of the ¢vital’
moving force®. The view that such a cause of movement exists, has been supported
partly by argument drawn from the phenomena of inflammation: but these, as we shall

* See ‘ Outlines of Pathology and Practice of Medicine, by W. P. Arzsox, M.D,, FRS.E, &e. 1884,
pp. 115 ef seq.
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of the body go on then as usual, these cases appear to prove absolutely that the forces
which are concerned in the mutual interchanges between the tissues and the nutrient
fluid do not cause any movement whatever.

But even supposing that it were admitted, for the sake of argument, that the vital
affinities do, under ordinary circumstances, cause some movement of the blood, but lose
that power in an animal under chloroform, such an admission would hardly affect the
discussion regarding the cause of stagnation in inflammation; for in a frog fully under
the influence of the aneesthetic, in which, as we have seen, the heart is the only cause
of circulation, all the phenomena that result from irvitation of the web take place pre-
cisely in the same manner as in one to which the narcotic has not been administered.
The fact that the heart, even though much enfeebled by chloroform, is capable, un-
aided by any other force, of maintaining the circulation for an indefinite period without
the occurrence of obstruction in the capillaries, or any undue accumulation of cor-
puscles in them, affords positive proof that any other cause of movement which may be
conceived to exist when chloroform has not been given, must be altogether insignificant,
and that the cessation of its operation does not give rise to stagnation of the blood*.

The veins of the frog's web afford very little evidence of contractility; but a small
amount of unstriped muscular tissue, transversely arranged, is distinetly to be seen in
the larger venous branches; and on one occasion I observed a very considerable degree
of local contraction, as measured from the outer borders of the external coat of a vein
running through a small area which I had pinched forcibly with forceps. I have also
seen one expand on sudden dilatation of the arteries of the web, so that its diameter
increased from twelve to fourteen degrees of a micrometer; but this is perhaps expli-
cable by elasticity +.

It has been already mentioned that the arteries undergo spontaneous variations of
calibre. Such changes are constantly going on at varying intervals, there being nothing
of a rhythmical character about them. A struggle on the part of the animal is

* Dr. Buarrey has for many years alluded in his lectures to the circumstance that, the weaker the
animal, the more do the effects of the successive cardisc impulses show themselves in the capillaries of the
webs, ns evidence that the action of the heart is sufficient to account for the cireulation. He also informs
me that he has frequently verified the observation of Spatnaszawt, that in the gills of the tadpole the flow
of the blood ceases completely in the intervals between the pulses produced by the ventricular contractions,

+ Since the reading of this paper I have noticed striking examples of the contractility of the larger veins
in the higher animals. Thus, on exposing the jugular in a living calf, T have seen a particular part of the
vessel irritated by the process of dissection shrunk to about a third of its previous calibre. Tn the human
subject, too, when amputating lately at the shoulder-joint on account of contusion inflicted by machinery
upon a previously healthy limb, T noticed the axillary vein reduced to about half its natural calibre at the
part where it was divided, which was in the immediate vieinity of the injury. I have also had oceasion to
observe the post-mortem contractions of the subeutaneous veins of the sheep's foot, which are carried to
such an cxtent as to reduce the vessels from the size of o m'u;rwquil to about that of o :]_n.rning-nm.:ﬂ.lc, The
minute veins also sometimes exhibit great contractility in the higher animals, as in the irregular constrictions
often seen in those of the mesentery of the mouse, and in the remarkable rhythmical variations in ealibre
discovered by Mr. Wiartox Joxes in those of the bat's wing (Philosophieal Transactions, 1862).
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spicuous do the veins become in consequence of this change in the quality of their con-
tents, that it may be extremely difficult to distingnish them from other tissues; the
appearance of the web on superficial observation being as if it possessed no blood-vessels
at all. This remarkable condition, which, so far as 1 know, has not been before
described, may last for several minutes in consequence of irritation of the cord, and in
one case I observed it occur spontaneously, and continue for five minutes together. It
appears to be comparable to the dead whiteness of the human fingers when benumbed
with cold, or the perfect pallor of the cheek in faintness; while blushing is no doubt
cansed by full dilatation of the arteries. '

Such, according to my experience, are the effects produced upon the circulation by
changes of calibre in the vessels of a perfectly healthy web. The arteries regulate by
their contractility the amount of blood transmitted in a given time through the capil-
laries, but neither full dilatation, extreme constriction, nor any intermediate state of the
former is capable per se of producing accumulation of corpuscles in the latter.

SECTION IIL

On the Effects of Irritants upon the Circulation.

It is well known that the application of an irritant substance to the web of the frog’s
foot is followed by changes of calibre in the blood-vessels, and also by an abnormal
accumulation within them of the corpuscular elements of the blood. The first experi-
ments which T performed upon the frog were directed to the solution of the much-
debated question, whether or no the latter were a mere consequence of the former; and
although it has, I think, been sufficiently shown at the conclusion of the last section that
such cannot be the case, yet it will be well to allude shortly to these experiments on
account of their further bearing upon the subject of this inquiry.

It oceurred to me, that if, instead of the powerful irritants commonly used in these
investigations, some exceedingly mild stimulant were employed, the changes in the
calibre of the vessels might perhaps be produced without concomitant alterations of the
blood. The material which appeared most suitable for this purpose was Wwarm water,
which is known to cause, in the human subject, increased redness without inflammation
of the part to which it is applied.

Accordingly, in September 1855 I endeavoured to ascertain its effects upon the frog.
In most of the experiments, the foot of the animal being stretched under the micro-
scope upon a glass plate somewhat inclined, so that any fluid upon it might run off
quickly, an assistant threw a stream of water of known temperature upon it by means
of a syringe, the eye of the observer being kept over the microscope, which was provided
with a micrometer in its eyepiece. In this way the effects produced by the water could
be seen almost immediately after it had ceased to play upon the web, and the changes
of calibre in any artery selected for observation were noted with precision. It was
found that the result of the warm application was constriction of the arteries to absolute
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Thus in one case an artery under observation measuring 2° (degrees of the micro-
meter), the blood was flowing in all the capillaries supplied by it, though containing a
very abnormal amount of corpuscles, After a few minutes; the vessel contracted spon-
taneously to 13° and though this was only about a medium width, the flow of the
blood became much retarded in the capillaries, and in one of them ceased almost
entirely. Water of 115° Fanr. being then thrown upon the web, the calibre of the
artery was raised to above 2° and the flow was resumed in all the capillaries. A few
minutes later the vessel again contracted spontaneously to 14°, when stagnation of the
blood became nearly complete in a few of the capillaries. Water at 120° was then
applied and caused constriction to a further degree, followed by dilatation to above 2°:
during the constriction, the blood scarcely moved at all in the capillaries, but on the
ocenrrence of the dilatation it again flowed in all of them.

If the applications were still further continued, the red dises became more and more
closely packed, till at last they were crammed together so as to produce a uniform erim-
son mass, unaffected by the heart even in the widest state of the arteries.

It was perfectly clear that in these experiments the stagnation of the blood depended
on something more than mere contraction of the arteries; and it also appeared impos-
sible to account for it satisfactorily as a result of their dilatation. That inflammatory
stasis might occur independently of alteration in the calibre of the vessels, was also
shown by an experiment with capsicum made at this period. A morsel of this substance
having been placed upon the middle of a web in which the circulation was going on in
perfect health and with unusual rapidity, the effect was great accumulation of corpuscles
in two or three capillaries for a very short distance round the spot where the capsicum
lay, unaccompanied by any change in the vascular dimensions.

Chloroform proved to be an agent which very readily induced stagnation when locally
applied ; and when it was administered in the usual way by inhalation for the purpose
of performing experiments with warm water, it was found necessary to protect the webs
carefully from its vapour, which otherwise produced the same appearances of congestion
as the hot application. In one instance in which a small quantity of the liquid had
been applied to the web, I saw the red corpuscles adhering to one another by their flat
surfaces, in & manner not seen in the healthy condition, and exactly as described by
Mr. WaartoN JoNES to take place after the application of a strong solution of salt; but
from the very slight tendency of chloroform to mix with water, it was impossible to
believe that it had operated by way of exosmose, as was supposed by the authority just
named to be the case with the saline solution*.

state of the weba is indicated to the naked eye by conspicnousness of the blood-vessels. In perfect health
they are quite invisible without the microscope, and in all cases the appearance of any vessel as a distinet
red streak is pretty sure indication of a certain amount of irritation.

* It wns believed that the solution of salt abstracted water from the blood as it flowed through the capil-
laries, and that the liquor sanguinis being consequently inspissated, the red corpuscles assumed an abnormal
tendeney to aggregate together (see Gruy's Hospital Reports, loc. cif. p. 40).  This view has been more recently
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the extreme margin of the mustard, which was slightly transparent, were observed to
be of erimson colour, in consequence of their containing closely-crammed corpuscles,
some of which were still moving, while others were motionless. On the application of
a higher power, the continuations of these capillaries immediately exterior to the mustard
showed, many of them, red corpuscles sticking to their walls, and more or less obstruct-
ing the progress of the blood through them.

In the accompanying sketch of the vessels at
one part, together with those corpuscles which
were motionless in them, M represents the edge
of the mustard, a a eapillary partly overlaid by
the mustard and crammed with stagnant cor-
puscles, & a capillary with red discs adhering
to its internal surface, but still transmitting
blood, while further from the mustard all the
corpuscles were in motion, and consequently
none appear in the drawing; ¢ was a rouleau
of red corpuscles projecting from a stagnant
mass into the vein V, through which the blood
was flowing rapidly ; yet the rouleau, though its
free end was moved to and fro by the current,
was prevented by the mutual adhesiveness of its
corpuscles from being broken up or detached.
Thus it was evident that in the capillaries of
the space covered by the mustard, the red cor-
puscles had an abnormal tendency to adhere
both to the walls of the vessels and to one another, and were on this account accumu-
lating and sticking within them, while almost immediately outside the mustard, the blood
in the capillaries presented the same appearance as in other parts of theaveb, This effect
was independent of changes in the calibre of the vessels, for any results of alteration in
the size of the artery under the mustard must have been shared by the surrounding capil-
laries, which also derived their blood chiefly from it; and that the vessel was dilated
to the same degree there as elsewhere, was shown by the fact, that its branches con-
tinued throughout the experiment to transmit full streams of blood after emerging from
beneath the opaque mass. I also measured some capillaries by micrometer before the
application of the mustard, and again after it had cansed stagnation in them, and found
that their dimensions remained the same*.

* The increased pressure upon the blood in the capillaries, resulting from obstruction o the progress of
the corpuscles, leads to the distension of their elnstic parietes up to o certain point, but, generally speaking,
not fiirther.  In the present case, before the application of the mustard, the web, irritated probably by the
vapour of the chloroform, was affected with a slight congestive tendeney, far short of that which induces
stagnation, but yet sufficient to give rise to full distension of the capillaries. "When the web has been per-
fectly healthy to begin with, 1 have seen & marked increase of calibre in the capillaries on the ocourrence ot
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without stagnation, as a consequence of the application of this irritant for an extremely
brief period*. Long after all the blood which could possibly have been directly acted
on by the chloroform has left the vessels, successive fresh portions continue to expe-
rience precisely similar changes in passing through the irritated area.

Heat produces similar effects, If the foot of a frog which is under the influence of
chloroform be covered entirely with wet lint, except a small area of one of the webs,
and a red-hot cautery ivon be held for a few seconds about half an inch above the
exposed part, inflammation will be excited in the area in proportion to the time of
the action of the dry heat upon it; but on removal of the lint, the circulation will be
found perfectly healthy in the surrounding pavts, In the severer cases stagnation is
universal in the exposed area, and tlfe epidermis becomes eventually raised by the
exudation of serum beneath it; but in milder instances nothing more than accumula-
tion of slowly-moving corpuscles is produced, and I have observed this state of the part
to continue for hours after the heat was applied. Here again the effect on the blood
was obviously not due to the direct action of the heat upon it, but to some changes
which it had effected in the tissues of the part on which it had acted.

Evidence of the same kind, but still more conclusive, is derived from the effects of
mechanical irritation, where the agency is free from all objection of possible chemical
action on the blood. The method adopted was that of compressing a small part of the
middle of the web between little pads of soft material attached to the ends of the blades
of a pair of surgical dressing forceps, by which the degree of pressure could be regu-
lated at will. The results of this treatment were identical with those of heat, as just
described. If the pressure was not made too severe, no mechanical obstruction was pro-
duced in the vessels, which nevertheless became loaded with slowly-moving or stagnant
corpuscles; and on one occasion I observed the capillaries of an area which had been
pinched, still transmitting languid streams of blood centaining great excess of cor-
puscles several days after the injury had been inflicted, while in the surrounding parts
the circulation continued perfectly healthy, Mechanical violence, like heat, chloroform
and mustard, had effected an alteration in the tissues on which it operated, in conse-
quence of which the blood in their vicinity assumed abnormal chavacters; and many
other facts of similar nature might be added, if necessary, to show that this is the
course always followed when accumulation of corpuscles in the vessels is induced by the
action of irritants.

In discussions regarding the causes of the phenomena of influnmation seen in the
frog’s web, the great difficulty has hitherto been to account for the puzzling fact, that
while the arteries still retain that state of enlarged calibre which is best adapted for easy
transmission of the blood, its accelerated movement comes to give place to unnatural

* The gradual supervention of the effects of irritation upon the blood may be watched very conveniently
by arranging a piece of lint soaked in chloroform, so that the vapour may play upon the web while the eyo
of the observer is over the microscope. If the chloroform be removed when the tendency to acoumulation
of corpuscles exists in & very elight degree, restoration to health will ocenr within a few minutes.
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powerfully to distend them with blood, but not otherwise. Recent physiological dis-
covery has shown that the arteries are not singular in being thrown into a state of
muscular relaxation through irritation of the parts of the nervous system connected
with them, the same being the case with the heart, the intestines, and apparently also
with other hollow viscera. In a preliminary account of an inquiry into the functions
of the visceral nerves, published in the ¢ Proceedings’ of this Society*, I have given some
notice of experiments which seem to show that in the case of the viscera alluded to, the
state of relaxation under such circumstances is the result of the more energetic opera-
tion of nerves, which, when working more mildly, increase the muscular action of the
same organs; the functions of the ganglia specially concerned in regulating the move-
ments of the viscera being exalted by gentle stimulation on the part of the afferent
nerves connected with them, but depressed by stronger excitation. In that paper the
opinion was expressed, that the same explanation probably applies to the relaxation of
the arteries, in consequence of nervous irritation; the general impression conveyed by
the experiments with warm water above related being that arterial contraction was most
apt to show itself when the degree of irritation was least, while dilatation was most
marked when the stimulus was strongest.. I have lately seen a striking illustration of
this principlein a very simple experiment, which I was induced to make in consequence
of reading a paper recently published by a French author, M. J. Magrevf. If a blunt-
pointed instrument, such as the end of a pair of dissecting forceps, is drawn with gentle
pressure along the back of the hand while it is in a state of moderate redness, the blood
being driven out of the vessels, a pale streak results, which immediately disappears, in
consequence of the return of the blood into the part. In a few seconds, however, a pale
stripe, towards a quarter of an inch in breadth, becomes developed at each side of the
line along which the instrument passed, that line having now assumed a red colour, if
the pressure employed was at all forcible, This is M. MAREY'S experiment; and there
" can be no doubt that his interpretation of the secondary paleness is correct, viz. that it
depends on reflex arterial contraction. The red line, when it occurs, is evidently due to
the direct action of the pressure upon the tissues, being, as M. Marey correctly states,
exactly of the same breadth as the instrument used. But I find that if the pressure be
made with considerably greater force, so as to be positively painful, while the first white
streak appears as before in consequence of the blood being dispelled from the vessels,
the secondary paleness does not oceur, but, on the contrary, a patch of the adjacent skin,
extending for perhaps half an inch on each side, assumes abnormal redness, which lasts
for a longer time than the paleness to which the other experiment gives rise, Here,
the irritation being severe, the blood vessels are thrown through the medium of the

# Vol. ix. No. 82. The paper here referred to was written subsequently to the reading of the manu-
seript of this essny, and this was also the case with the remarks in the text on determination of blood.

+ ‘Recherchea Hydrauliques sur la Circulation du Sang," par M. J. Maney. The separate copy of this
paper, sent me by the author, does ot contain any mention of the Journal in which it waa published, so that
I am unable to give proper reference to it.
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within the area remained fixed. This proved that the cause of the accumulation of the
corpuscles did not reside specially in the capillaries, and also showed distinetly that it
could not be explained by mere abnormal adhesiveness of the vascular parietes, which
was, I understand, the view entertained by the late Dr. Magrsmann Hann; for sup-
posing the walls of the vessels to experience such a change, which seems by no means
improbable, this could only lead to encrusting of the lining membrane of such a vein
with adhering corpuscles, and not to the occupation of its whole calibre by them, as
took place in these cases, unless the corpuscles were themselves also abnormally adhe-
sive.

Another important fact which was brought out by this class of experiments is, that
mere quiescence of the blood in the vessels of a healthy part fails to induce aggregation
of the red corpuscles, such as occurs in blood outside the body. In the parts which
had not been subjected to irritation, the corpuscles exhibited no trace of adhesiveness;
and though completely at rest, they were nowhere to be seen grouped together, surface
to surface, although in the larger vessels there was abundant space for the oeenrrence
of this phenomenon, which invariably presents itself in freshly drawn frog’s blood
examined between plates of glass in a sufficiently thick film. On one occasion, when
examining the tissues of the web of a frog under chloroform, the limb being kept steady
by a string tied tightly round the thigh, so as completely to arrest the circulation, I was
particularly struck with the total absence of adhesiveness in the red corpuscles; so much
so, that, as the foot had been kept moist without circulation for about three hours, I
suspected that it must have imbibed water, which, when mixed with blood outside the
body, destroys altogether the adhesiveness of the red corpuscles. This, however, proved
to be a mistake; for, having occasion to administer more chloroform, I applied it on a
piece of lint of considerable size without taking the usual precaution of protecting the
foot from the vapour, and left it so for about a quarter of an hour. On re-examination
of the web, the red corpuscles were found to possess much mutual adhesiveness, and in
the larger vessels were grouped together into masses, with considerable spaces of clear
liquor sanguinis, just as in the best-marked forms of aggregation in frog’s blood outside
the body. One of these masses was drawn by camera lucida, and is represented in the
sketch at page 648, along with the outline of the vessel in which it lay. I afterwards
purposely induced a similar change in the blood within the vessels of an amputated
limb by means of mustard*. Having ascertained that the red corpuscles, thongh they
had been long at rest, were perfectly free from the slightest tendency to aggregation,
I suspended, at a little distance from the web, a piece of lint smeared with freshly pre-
pared mustard, so that the pungent vapour of the volatile oil might play upon it; and
left it so for about a quarter of an hour, when 1 found the red discs aggregated, as
usnally seen in frog's blood outside the body. T then shed some blood from the other
leg between two plates of glass, and on carefully sketching and comparing the groups of
corpuscles in this specimen and those within the vessels of the irritated webs, found that

* This EI[:-I’.'I"]I:I:I.E'LI.I:. was P-[-.rf'ormed subsequently to the ﬂrﬂ!lillg of the paper.
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scope, but could discover no difference between them in the adhesiveness of their cor-
puscles; as indicated by the time of formation of the rouleaux, their mode of grouping,
and the tenacity with which the discs composing them adhered when they were stretched.
The results of these experiments appear decidedly confirmatory of the conclusion with
reference to which they were instituted.

No mention has been hitherto made of the appearance presented by the colourless
corpuscles in an irritated part. It is well known that their numbers, in proportion to
the red ones, vary very much in different frogs, and it so happened that in the two on
which the first mustard experiments.were performed they showed themselves but little ;
nor are they at all conspicuons when the circulation has been arrested by ligature ; but
in most cases in which irritation is applied to the web while the blood is circulating
through it, one of the earliest abnormal appearances is that of white corpuscles adhe-
ring in large numbers to the walls of arteries, capillaries and veins, as first described
and accurately figured by Dr. WiLLiams*, This remarkable phenomenon, though of
itself clear proof of an alteration in the properties of the blood in an imitated part,
has, strangely enough, attracted little attention from other observers. It is evidently
analogous to the change which the red discs experience under similar circumstances, I
find that the account commonly given of the white corpuscles in circulation in the
vessels of the frog's web, viz. that they may be seen rolling slowly along the walls of the
arteries and veins, and sometimes sticking to them, though intended to apply to the
state of health+, really describes a condition of a slight amount of irritation, such as is
exceedingly apt to be induced by a variety of causes]. In perfect health the colourless
corpuscles are as free from adhesiveness within the vessels as the red dises, but like
them assume that property in a degree proportionate to the amount of irritation to which
the part has been subjected. When the irritation has been very slight, the white cor-
puscles, which are susceptible of much greater adhesiveness than the red (as we learn
from examining blood outside the body§), acquire some tendency to stick to the vaseu.
lar parietes, while the red discs still move on in a manner generally regarded as con-
sistent with health, though really lagging slightly behind the liquor sanguinis, and con-

* Vide op. cit.

+ Mr, Wizarrox Joxes, in deseribing the healthy circulation in the bat's wing, speaks of the colourless
eorpuscles as “rolling or sliding eluggishly along the walls of the vessels,” “Dboth in arteries and veins."
He also describes, in the following passage, inereased adhesiveness as resulting from irritation. “Towards
the end of a protracted sitting, after the web had been much irritated, T have seen, in the venous radicles
especially, colourless corpuseles accumulated in great numbers, as we so often see them in the frog”! Bukno
stress is laid on this fact as bearing upon the nature of inflammation (see * Observations on the state of the
Blood and the Blood-vessels in Inflammation,” by T. Witazrox Joxes, F.R.8.,, Medico-Chirurgical Trans-
actions, vol. xxxvi. 185%). Dr. WiLLiAMs, supposing that the white corpuscles were always adhesive within
the vessels in health, was led to attribute their abnormal accumulation in an irritated part to local freal
formation of those bodies. Vide ep. eif,

t It has been mentioned in the note to p. 660, that this effect is peculinrly liable to be produced in con-
sequence of the vieinity of the warm hand.

§ Bee page G49,
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ing to aggregate into rouleaux, and giving a lumpy aspect to the somewhat dark streams
in the larger vessels: but turning to another place, I found the blood there of pale tint
and perfectly homogeneous aspect; nor could I detect by a careful search any evidence
of a tendency on the part of the white corpuscles to stick to the vascular parvietes. Tt
happened that there was complete absence of flow in one artery and concomitant vein of
considerable size, yet not a rouleau was to be seen either in them orin any of their
branches. On the contrary, the red discs lay at about equal distances from each other,
uniformly distributed throughout the calibre of the vessels; and this state of things
remained unchanged during about a quarter of an hour, in which I continued to observe
them in their perfectly quiescent condition. On examination of some blood from the
heart of this bat shortly after, the red corpuscles exhibited a very remarkable degree of
adhesiveness, such as I had never seen in human blood *, presenting a glaring contrast
with their state within the vesselst.

Thus we may, I think, regard it as fully established, that, in mammalia as well as in
amphibia, both the red discs and the colourless globules of the blood are completely
free from adhesiveness within the vessels of a perfectly healthy part, but that when the
tissues have suffered from irritation, both kinds of corpuscles assume, in proportion to the
severity of the affection, a degree of that tendency to stick to one another and to neigh-
bouring objects which they possess when withdrawn from the body, and consequently
experience obstruction to their progress through the minute vessels.

And here T cannot avoid remarking, that this prineciple explains, if it does not alto-
gether reconcile, the discordant opinions of physiologists regarding the causes of the
circulation. Tt shows that while there is, as we have before seeny, strong ground for
agreeing with those who hold that the flow of the blood is due simply to the contrac-
tions of the heart, aided, in animals with valved veins, by the actions of the muscles, the
respiratory movements, and, in the case of the bat's wing, by rhythmieal venous con-
tractions; yet there is also much truth in the view of those who maintain that the tissues
of a part, independently of any change of calibre in the vessels, exercise a great influence
upon the progress of the blood through the capillaries. For though the tissues do not,
as has been hitherto supposed by the latter class of authorities, actively promote the
eirculation, yet their healthy condition is none the less necessary to it, being essential to
the fitness of the blood for transmission by the heart through the minute vessels.

* The remarkable adhesiveness of the red corpuscles of the blood of this bat, when withdiawn from the
body, has been particularly described in Seetion I., page 649,

+ Mr. Waantox Joxes, in the paper before referred to, describes the red discs as aggregating within
the vessels of the healthy bat's wing, when their movement is arvested from any cause, in the same manner as
in blood removed from the body. Fide Med.-Chir. Trans. loe. cit. Tsuspect that the pressure of the plate of
thin glass employed in order to bring the necessarily high powers of the microscope tobear upon the object is
apt to irritate the web and give rise to o depree of cung‘caﬁon, characterized ]J'}’ o t‘-‘“'l‘-"“cf to “ﬁgﬁgﬁmn i
the part of the red discs and adhesion of the colourless corpuscles to the walls of the vessels, I have observed
that results of irritation have shown themselves in the web of the frog when I have used a plate of thin glass
in the same manner as with the bat, for the purpose of applying a high power to the pigmentary tissue,

f Bee page G54
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to the vein, except at the lips of the wound ®. This shows that an ordinary solid pos-
sesses an attraction for the particles of the fibrine, such as is not exercised by the walls
of the vessels; or, in other words, that the vascular parietes differ from all ordinary solid
substances in being destitute of attraction for that element of the liquor sanguinis,

The blood-vessels are not the only constituents of the animal body which have these
remarkable relations to the blood. If the integument of a sheep’s foot be partially
reflected, and one of the subcutaneous veins immediately wounded, so as to let some
blood run into the angle between the skin and the rest of the limb, before any drying
of the tissues has occurred, eare being taken that no hairs or other solid matters have
been introduced, this blood will remain in whole or in part fluid for half an hour or
more; whereas, if blood from the same vessel be placed in contact with any ordinary
solid, whether on the foot or elsewhere, it will coagulate in perhaps five minutest.
This is sufficient proof that the subcutaneous cellular tissue resembles the lining mem-
brane of the vessels in its conduct towards the blood. The long time during which blood

® From what has been stated in the text, it is evident that the ammonia theory of Dr. B. W, Broninpsox
does not account for the fluidity or coagulation of the blood within the vesscls. But the facts mentioned
by that gentleman in the valuable essay which has gained the last Asrrey Coorer prize, and also my own
experience [see the paper before referred tof, have convinced me that a certain amount of the volatile alkali
does exist in freshly-drawn blood, and that it has the effect of retarding the process of coagulation. This
principle must be borne in mind in all experiments upon this subject, in order to understand circumstances
which would otherwise be inexplicable. Thus, if the foot of a sheep be obtained with the blood retained in
the vessels by o bandage applied before the death of the animal, and, after reflection of the skin, a needle be
introduced into a vein by a free opening made by the seissors, a deposit of fibrine will be found upon it in
perhaps five minutes; but if the needle be pushed through the coats of such a vein, so as to introduce it
without previous wound of the vessel, and allow little opportunity for escape of ammania, the deposit will
not take place for a quarter of an hour or more. Again, the blood obtained by wounding a vein imme-
diately after reflecting the skin, within the first fow hours after the death of the animal, takes a much
lpnger time to congulate th.g:"lllaml shed from the same vessel after the lapse of half an hour orso; doubtless
in consequence of eseape of ammonin having oceurred in the interval. This circumstance seems to prove
that the ammonia is free in the blood in its normal condition within the vessels, and not merely liberated
during the process of coagulation ; for it is to be remembered that the mere wounding of a vein in no way.
interferes with the fluidity of the blood in it, except at the wound.

+ After the blood has lain for some time in the angle between the skin and the limb, it coagulates, if
removed from it, much more rapidly than blood freshly shed from a vessel. Thus, in one case, blood let
out from n vein was part of it placed at once on a glass plate, and part sllowed to run into the angle
between the skin and limb. That on the glass plate was not completely coagulated for ten minutes; but
that in the other situation, having been left for twenty minutes, and then transferred to the plate, was o
consistent elot within six seconds, indeed as soon as I could examine it, This fact seems to me to throw
great light upon the subject of congulation. The sudden transition from perfect fluidity to a coagulum
can only be explained, T conceive, on the hypothesis that the ammonia had almost all escaped while the
blood lay in the angle; yet this escape had not caused coagulation. Hence it seems to follow, that am-
monia is in no way essential to the fluidity of the blood while it is surrounded by healthy tissues, Amnother
]-miu.t, which the simple experiments upon the sheep's foot show clearly, is that o certain amount of am-
monia in the blood will retard without preventing the deposit of fibrine upon a needle or other ordinary
golid inteoduced into the vessels ; and it appears very doubtful whether healthy blood ever containg sufficiont
ammonia to prevent such on ocourrence,
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shed from the vessels, it is liberated from an influence which previously kept in check
a spontaneous proneness to coagulation. Hence it seems likely that a foreign solid
introduced into a vein acts not by creating a disposition to aggresate on the part of the
fibrine, but by increasing a pre-existing tendency to it (as a thread induces the crystal-
lization of sugar-candy), exalting the mutual attraction of its particles to a degree which
overcomes a counteracting agency on the part of the tissues.

Further inquiry will, in all probability, throw clearer light upon this subject, but in
the meantime the facts already known furnish to the unaided senses indisputable proof
of the fundamental principle to which we were led by microscopical observation, viz.
that the tissnes through which the blood flows have, when healthy, special relations to
the vital fluid, by virtue of which it is maintained in a fit state for transmission
through the vessels. Further, the differences of adhesiveness in the corpuscles accord-
ing as the blood is surrounded by healthy tissues or ordinary matter, can now be no
longer matter of surprise, knowing as we do the alterations which take place in the
chemical condition of the liquor sanguinis in consequence of such changes of circum-
stances, and also the great effect produced upon the adhesiveness of the red dises in
blood outside the body by slight variations in the quality of the plasma *.

The freedom from attraction for the fibrine, if not the actual repulsion of it, on the part
of the walls of healthy blood-vessels, seems to explain the well-known fact in pathology,
that when healthy capillaries are subjected to abnormal pressure in consequence of venous
obstruction, the fluid squeezed through their parietes consists almost exclusively of serum ;
the fibrine being apparently excluded from their pores as liquid mercury is from those
of flannel, or any other texture composed of a material destitute of attraction for it.

From the speedy coagulation of lymph effused into the interstices of inflamed organs
or upon inflamed serous surfaces, compared with the length of time that blood has been
known to remain fluid after being poured out into such situations in a state of health,
and also from the deposition of fibrine which oceurs at an early period upon the lining
membrane of the vessels in arteritis or phlebitis, whether in the limited inflammation
which results from the application of a ligature, or in the more extensive affection which
is apt to occur spontaneously, it would appear that the liquor sanguinis, like the corpus-
cles, tends to comport itself near inflamed tissues as if in the vicinity of ordinary solid
substances. It is true that coagulation is not observed to occur in the vessels of the
frog's web after the application of irritants; but this is accounted for by the length of
time required for the oceurrence of the process within the vessels, the liquor sanguinis
passing on into healthy regions, leaving the adhesive corpuscles behind it.  Adhesiveness
of corpuseles may, however, come on in circumstances which admit of permanent fluidity
of the blood. Thus if a cat be killed without hemorrhage, smd one of the jugular veins
be exposed and tied in two places, and the animal be then suspended by the head so
that the vein may be vertical in position, the upper part of the venous com partment
included between the ligatures will within a very few minutes become colourless in con-
sequence of rapid subsidence of the red corpuscles, implying that they are already closely

* See Section I, p. 650.
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SECTION IV.

On the Effects of Irritants upon the Tissues.

The object of the present section is to inquire into the nature of that primary change
which we have seen to be produced in the tissues by the direct action of irritants upon
them.

The conclusion already arrived at, that blood flowing through an imtated part
approaches more and more nearly, in proportion to the intensity of the affection, the
condition which it assumes when separated from the living body, naturally leads us to
infer that the tissues concerned are in some degree approximated to the state of ordi-
nary matter, or, in other words, have suffered a diminution of power to discharge the
offices peculiar to them as components of the healthy animal frame.

This inference is strongly supported by considering what common effect is likely to
be produced upon the tissues of the frog's web by all the various agents known to cause
inflammatory congestion. To take first the case of mechanical violence. A forcible
pinch of the delicate web seems likely, @ priori, to impair its powers; for if the lesion
be sufficiently severe, complete death of the part will result. An elevaled temperature
proves equally destructive if carried far enough; and its operation to a degree just
short of this, while it produces congestion, can hardly fail to canse diminished vigour in
the tissues. So also powerful chemical agents, if used cautiously, give rise to inflam-
mation : but if otherwise, kill the part they act on. Even the pungent irritants which
do not exert much chemical action, seem to benumb the energies of the spot to which
they are applied. Thus a morsel of capsicum placed on the tip of the tongue speedily
produces numbness there, and a piece of mustard lying on the finger for an hour or
two dulls the sensibility of the skin. Chloroform, too, while it very readily induces
stagnation followed by vesication in the frog's web, is an agent which appears likely to
benumb the vital energies. If a small frog be put into a bottle of water highly charged
with carbonic acid, and removed from it some time after all motion of the limbs has
ceased, it will be found that, though the heart is still beating, the blood-vessels of the
webs are loaded with stagnant corpuscles. After a while, however, resolution will take
place, and some time later the animal will regain its consciousness. Here it appears
probable that the carbonic acid, poisoning the web as well as the brain, paralyses for a
time the functional activity of both; and that the return of the circulation, like the
recovery of the cerebral functions, depends on a restoration of the dormant faculties of
the affected tissues.

Perhaps the most instructive case is that of the galvanic shock, which the following
circumstances first showed me to be capable of causing inflammatory congestion. DBeing
desirous of ascertaining the effects of galvanism upon the cutaneous pigmentary system,
I applied the poles of a battery in rather powerful action to the skin of the head of a
frog, when, the shock affecting the brain, the animal was stunmed and lay perfectly
motionless, This state of things being favourable for pursuing my inquiry by aid of
the microscope, I drew down one of the passive limbs, and having placed the foot under

P I, erm—
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I thus became for the first time aware that the pigment is capable of ‘Ivm'iatioua, and
my attention having been directed to the subject, I soon found that similar changes
occur spontaneously, and give rise to alterations in the colour of the skin, which is paler
in proportion as the colouring matter is more completely collected into round spots.
For some weeks I supposed myself to have been the first discoverer of this curious fact,
till T was referred by Dr. SmarpEY to the recent labours of the Germans on the subject.
They, however, as I afterwards found, had taken an entirely erroneous view of the
phenomenon, attributing the round form of the masses of pigment to contraction of the
branching offsets of stellate cells; whereas it turned out that the chromatophorous cells
do not alter in form, but that the colourless fluid and dark molecules which constitute
their contents are capable of remarkable variations in relative distribution, the mole-
cules being sometimes all congregated in the central parts of the cells, the offsets con-
taining merely invisible fluid, while at other times the colouring particles are diffused
throughout their complicated and delicate branches; and between these extremes any
intermediate condition may be assumed. It further appeared that concentration of pig-
ment takes place in obedience to nervous influence, while diffusion, though also an
active vital process, tends to occur when the pigment-cells are liberated from the action
of the nerves. But for further particulars on this subject, I beg to refer the reader to
the immediately preceding paper in this volume.

The contrast between the pigment in the area on which the mustard had acted and
that of surrounding parts in the case last alluded to, at once struck me as probably the
result of a direct action exercised upon the tissues by the irritant. It seemed possible,
however, that it might be a secondary effect of the state of the blood in the congested
vessels; and in order to ascertain yhich was the truth, I performed, on the 14th of
October, the following experiment :— {

Having cut out a piece of the web of a healthy frog, T placed a small portion of
mustard upon its centre when all the blood had escaped from it. After a while the
spots of pigment seen through the thin margin of the mustard, presented a stellate
form, while in the rest of the piece they were still of a rounded figure. Hence it was
clear that the change in the disposition of the pigment was the result of the direct
action of the mustard upon the tissues of the web.

A new field of investigation was thus opened before me, promising to throw great
light upon the nature of inflammation.

To explain the effects of irritants upon the pigmentary tissue proved, however, to be a
matter of considerable difficulty. Tincture of cantharides and croton oil, which hap-
pened to be among the first substances which 1 employed with reference to this subject,
resembled mustard in causing diffusion of the pigment. Taking, in the first instance,
the same view of this change as the German anthorities, I attributed it to the relaxation
of contractile cells, and regarded its oceurrence, in consequence of irritation, as an indi-
cation of loss of power in the tissues, a view which was in harmony with the nature of
the derangement of the blood in a congested part. Croten oil, curiously enough,
acted very slowly on the web, not producing any change on either pigment or blood

P
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of its legs in that fluid for half a minute, and then wrapped both it and the other leg
in damp lint. After some hours the limb which had not been treated with chloroform
was quite pale, while the other, having lost the faculty of post mortem concentration,
remained as dark as before. The appearance presented by the pigment in the two feet
is shown in Plate XT.VIL figs. 1 and 2.

Mechanical violence proved similar in its effects on the pigment, which, in the area
pinched, retained the same appearance as before, except that in parts where the
pressure operated most severely the cells seemed sometimes to have suffered rupture.
Fig. 2, Plate XLVIIL. is a camera lucida sketch of part of a spot which had been com-
pressed by means of padded forceps, with an adjoining uninjured portion of the web.
The pigment was fully diffused before the experiment was performed, and remained so
afterwards in the area squeezed, while it became concentrated elsewhere, and this was
the condition of things when the drawing was made. The concomitant differences in
tint between the blood in the affected and the sound parts in consequence of the accumu-
lation of closely packed red discs in the former, are also strikingly shown in the sketch®.

The galvanic shock, too, produced no effect apparent to the eye upon the pigment of
the parts in which it caused stagnation of the blood, but experiments afterwards made
showed me that, like ammonia, it exerted a paralysing agency both upon the concen-
trating and the diffusive powers; and the same results ensued on the application of dry
heat in the cases mentioned in the last section.

From these and other similar facts it appeared that mustard, eroton oil, and cantha-
rides are exceptional as regards the diffusion to which they give rise, the usunal course
being that irritants, when applied so as to produce stagnation of the blood, suspend at
the same time both the functions of the pigment-cells.

1t afterwards turned out that mustard was, in reality, no exception to this general
rule. Subsequent experiments showed that diffusion takes place to very different degrees
in different instances under the action of this substance, but that in all cases. after
reaching a certain point, it becomes incapable of advancing further in the irritated part,
however much it may increase in the body generally, in ease of the animal changing to
a darker colour. These differences depend partly upon the strength of the mustard,
the diffusion being least when the irritant is most potent. Thus, on one occasion,
when a solution of the volatile oil in spirit of wine was applied to a web in which
the pigment was fully concentrated, congestion was very rapidly developed, without
any alteration in the appearance of the chromatophorous cells. That the diffusion is

# Much more gentle pressure, if long continued, may give mse to gimilar results, as I happened to notice
in the following manner. Being desirous of watching the process of post mortem concentration of the
pigment, T amputated a leg of a dark frog, and, having stretched out the foot over a glass plate, put a srnall
piece of thin glass upon part of one of the webs, and applied a high power of the microscope to it. T was
disappointed to find, however, that the change I wished to observe did not take place; but on looking at
other parts of the web, found that immediately beyond the edge of the alip of thin glass, the pigment was
on all sides considerably concentrated, although remaining fully diffused where the glags covered it; an
effect which I conld attribute only to the gentle squeezing to which the two plates subjected the part of the
web that lay between them.
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part where it had caused a great degree of pigmenta.r}r diffusion, is strictly a.nalugnus
to the healthy state of the circulation in the reticular ring round the Gunge.st.eﬂ area i
the last experiment.

Cantharides also presents a parallel case. TIts action is evén more slow than that of
croton oil; and on referring to notes taken at an early period in this investigation, T find
that in one instance, when two hours and a half had elapsed after the application of a
small drop of the tincture to the web, though diffusion of the pigment had become
apparent in the area on which it had acted, no change of the blood had yet been
observed ; and an hour and a half later, the red corpuscles, though abnormally adhe-
sive as compared with those in smrrounding parts of the web, were still moving slcrwljf
through the vessels.

Hence it appears that diffusion of the pigment may be produced by either of these
three substances without the blood undergoing any material derangement, and therefore
that its occurrence under their influence is to a great extent, if not entirely, independent
of the inflaimmatory process. On the other hand, it has been demonstrated, as regards
mustard, that when stagnation of the blood has been developed through its action, the
state of the pigment-cells is the same as is induced by irritants generally, viz. a com-
plete suspension of functional activity; and, from analogy, we may be pretty sure that
this is also true of croton oil and cantharides, although their slow operation renders it
difficult to obtain absolute proof upon the point.

In a physiological point of view, it is an interesting question, what is the cause of the
diffusion of the pigment induced by these three irritants. I have shown elsewhere*
that concentration is the invariable result of the action of the nerves upon the chroma-
tophorous cells, and that diffusion takes place whenever they are liberated from nervous
influence. Also in the tree-frog of the Continent, which is much more liable to changes
in the colour of the integument, in consequence of direct irritation, than our own spe-
cies, the invariable experience of the German observers was, that concentration followed
the application of a local stimulus, while secondary diffusion sometimes occurred in the
irritated spot, depending apparently upon exhaustiont. From these facts, diffusion
ensuing on irritation cannot well be regarded as an increased action excited by the
stimulus, but rather as an evidence of diminished vigour, With croton oil and can-
tharides, which have not an irritating vapour, the diffusion is exactly limited to the
extent of the irritant, showing that it is due to a direct action on the tissues; and
the most probable explanation of its occurrence appears to be that mustard, croton
oil, and cantharides have the peculiarity among irritants of affecting the nerves of the
pigment-cells in the part they act on, somewhat more rapidly than the cells them-
selves, and, paralysing the former while the latter still retain their powers more or
less intact, permit diffusion to go on unrestrained by nervous influence, till the further
operation of the irritant completely suspends the pigmentary functions. It may be ob-
jected to this view, that diffusion occurs on the application of these substances to an
amputated limb, but, from evidence given elsewhere], it is probable that the pigment-

* Hee the paper * On the Figmentary System,” page G41. t See page 627. 1 Bee page G40
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The same thing was afterwards* seen in a case in which a small drop of wood-vinegar
was placed upon one of the webs of a frog which had been deprived of the power of
voluntarily moving the limbs by passing a knife between the occiput and the atlas, so as
to sever the brain from the cord. The fluid being thus allowed to lie quite undisturbed,
did not spread at all upon the web, which was dry before it was applied. It produced
its effects very slowly, so that, after the lapse of three and a half hours, the blood in the
area covered by it, while everywhere presenting inflammatory appearances, was still only
partially stagnant. Yet throughout this space the pigment retained exactly the same
moderate degree of diffusion as it had at the beginning of the experiment, although in
the interval complete concentration had taken place elsewhere; and a very striking con-
trast was presented between the stellate pigment with the adhesive though still moving
blood-corpuscles where the web was wet with the vinegar, and the dotted pigment and
perfectly healthy circulation in the dry parts immediately adjacent. :

Seeing, then, that complete suspension of the pigmentary functions may be caused by
an amount of irritation which induces only a minor degree of congestion, and further,
that (as we learn from the experiment with chloroform vapour) a still milder operation
of an irritant renders these functions sluggish though not completely arresting them, we
seem to have sufficient evidence that impairment of the functional activity of the chro-
matophorous cells occurs in the very earliest stages of that primary change in the tissues
which leads to inflammatory derangement of the blood.

It was seen in the ammonia experiment related above, that resolution having taken
place in the congested area, the pigment-cells of the part recovered the faculty both of
diffusion and concentration. This might have been pretty confidently predicted; for
as congestion is a necessary consequence of the disorder produced in the tissues by irri-
tants, we might have been almost sure that the return of the vital fluid to that healthy
condition in which it is fit for free transmission through the vessels, must be pre-
ceded by a restoration of the living solids to their normal state. In the case alluded to,
however, no sign of recovery of the pigment-cells appeared till after the circulation had
become re-established ; and even when several hours had elapsed, they still remained
paralysed in the central part of the area on which the ammonia had acted. This is in
harmony with the fact lately pointed out, that complete suspension of the pigmentary
functions may accompany a state of the blood short of actual stagnation; and both
appear to depend upon the circumstance that the chromatophorous cells are an ex-
tremely delicate form of tissue. _

The rate of recovery of the pigment-cells varies greatly, however, in different cases,
and in this respect much depends upon the nature of the irritant. An example of an
agent of this class producing only very transient effects on the pigmentary functions is
presented by earbonic acid. It has been before mentioned that the immersion of a
living frog for about a quarter of an hour in water highly charged with that gas, gives
rise to complete stagnation of the blood in the webs, although the heart still continues
beating, but that resolution occurs after the animal has been exposed for awhile to the

* This experiment was performed subsequently to the reading of the paper.
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cess of concentration had advanced considerably in the next web, but in that on which
the galvanism had acted had only just commenced, even in the parts most remote from
the point to which the poles of the battery were applied; while in the vicinity of that
spot the state of full diffusion still continued. After the lapse of three more hours, how-
ever, the pigment was almost fully concentrated in the part of the weh where it was
before only slightly so; and even where it had been most direetly subjected to the gal-
vanic influence, it had undergone a certain, though very slight degree of the same change,
the chromatophorous cells having even there partially recovered their functions,

This inherent power in the tissues of recovering from the effects of irritation, explains
the occurrence of resolution in an amputated limb, such as I once observed in a case
where a moderate amount of congestion had been induced under the action of oil of tur-
pentine before the animal was killed, and the blood resumed to a great extent its normal
characters in the vessels several hours after the limb had been severed from the body.

The return of the blood along with the tissues to the state of health is a very inter-
esting circumstance. Whether it depends upon an intrinsic power of recovery on the
part of the vital fluid, or on the living solids resuming an active operation upon it, is at
present uncertain; but in the mean time, the phenomena of resolution already assume
a far more intelligible aspect than heretofore, on the hypothesis that the tissues gene-
rally are endowed with the same faculty of self-restoration as the pigment-cells.

It may be well to give here a list of all the agents whose effects upon the pigmentary
functions I have investigated. They are as follow :—Mechanical violence, the galvanic
shock, desiceation of the tissues®, dry heat, warm water at 100° Famg., intense cold,
caustic ammonia, a strong solution of common salt, carbonic acid, acetie acid, tincture
of iodine, chloroform, oil of turpentine, mustard, tineture of cantharides, and croton oil.

These are all of them irritants, 7. e. give rise to inflammatory congestion through their
direct action upon a vascular part, as I have witnessed in the frog's web in every case
except that of cold, the influence of which in causing intense inflammation in the human
subject is, however, familiar to all . All of them also afforded, in their effects upon the
pigment-cells, ocular evidence of impairment of the functional activity of the tissues on
which they act; and considering the number included in the list, and their great variety
in essential nature, we need not hesitate to admit that similar effects ave produced by
the entire class of irritants.

There is another tissue in the frog's web which discharges functions apparent to the
eye, viz. the arterial museular fibre-cells, the contractions of which are readily recog-

* The effects of deficiency of moisture in the web were observed in amputated limbs, in which T have
seen both suspension of pigmentary functipns from this cause and recovery from that state after the appli-
cation of water. While the cireulation is going on in the living animal I have not found desiceation of the
web to oceur, unless the tissues had been weakened more or less by irritation,

+ The only experiment which I made with eold was performed by introducing a test-tube, eontaining o
dark amputated limb, into  freezing mixture of ice and salt at about 20° Fau. for ten minutes, When

the frozen limb had “Iu“"ﬂd, 1 IlEll:l'!'I.'tqﬁl“}ﬂ. o micmu{:npic cxami]]utignl that the 1!I'ig|l'lﬂ"l'lt had II!1I’.1EI‘EI:|I:II! a
slight degree of post moréem concentration, but five hours later it was still in much the same condition,

it
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the point of a needle firmly across the vessel failed to induce the slightest contraction in
it, even at the very point crossed by the needle; proving that the muscular fibre-cells
had lost their irritability. At the same time it is by no means improbable that the
nerves of the arteries may suffer before their muscular constituents, just as in the intes-
tines, after death, the functions of the intrinsic nervous apparatus are lost some time
before muscular contractility ceases®.

The question whether the suspension of function induced by irritants is confined to
the nerves or affects the tissues generally, being one of great interest, I was anxious to
obtain clear evidence regarding it; and it occurred to me that valuable information
would probably be derived from observing the effects of such agents upon the action of
the cilia, which, though not present in the web of the frog, exist in abundance upon the
mucous surfaces of the mouth and wsophagus of that animal. Dr. SuARPEY, in his cele-
brated article *“ Cilia" in the ‘ Cyclopedia of Anatomy and Physiology,” mentions experi-
ments made by PurRkixJE and VALENTIN, and also by himself, with a great variety of
substances, including among the rest some irritants, which, when applied with sufficient
energy, arrested completely, by their chemical action as it was supposed, the movements
of the lashing filaments. It is evident, however, that in order to produce effects at all
comparable to the state of the tissues of the frog's web in congestion, it would be neces-
sary to adopt some more delicate method of experimenting, and the most eligible means
for this purpose seemed to be to allow an irritating vapour to play upon a ciliated sur-
face. Accordingly, on the 50th of November, 18574, having cut off a small piece of
the tongue of a frog killed about an hour before, and placed it upon a slip of glass
under the microscope, with just enough water to permit the free play of the cilia, T held
near to it a piece of lint soaked in chloroform, keeping my eye over the microscope.
The effect was instantaneous cessation of the previously rapid action of the cilia, which
now stood out straight and motionless, like the hairs of a brush. T now immediately
withdrew the lint, after which the same state of complete inaction continued for about
half a minute, when languid movements began to show themselves, and after the lapse
of five minutes more the ciliary action was going on pretty briskly in some parts, and
ten minutes later seemed to have almost completely recovered.

Thus chloroform vapour produced in the ciliated epithelinm-cells a condition precisely
similar to that brought about in the pigment-cells by irritants applied so as to cause
inflammatory congestion of the web, viz. a state of suspension or temporary deprivation
of functional activity. And as the removal of the epithelium-cells from the surface on
which they grow does not arrest the movements of their cilia, no mere paralysis of nerves

lying beneath still contained blood of natural appearance, and showed evidence of languid contractility,
while in the L'upi].la.r'i.{:u of the plantar layer of the web, the circulation was still gﬂing on in a Pmuﬁ’ ||W-]t'h2‘"
state. This frog, however, scemed endowed with unusual powers of vitality in the tissues. This observa-
tion, as well as that in the text to which this note refers, was made subsequently to the reading of the paper.
* Spe the paper f On the Funetions of the Visceral Nerves,' befors referred to.
+ This date indicates that the experiments on the eilia have been performed sinee the paper wis read.
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ferred to cold water. On examining it after the lapse of nearly two minutes, I found
the cilia acting decidedly more briskly than at first, but in the course of the next quar-
ter of an hour they flagged very much, and in many parts ceased to move altogether.
By this time I had fixed the specimen securely at the bottom of a glass trough, which I
now suddenly filled up with water at 102° Faur., and on first catching sight of the
object, within a quarter of a minute of this procedure, found all the cilia absolutely
motionless. I then at once drew off the warm water with a siphon previously arranged ;
and no sooner had this been done, than movements already began to show themselves
in the cilia, and their action increased rapidly on my filling up the trough with cold
water, and in a short time was all but universal and brisk, far superior to what it was
before the hot water was put in.  After a few minutes more, however, it was again very
languid, and ceased entirely in many parts. I now, at 9" 38=, filled up the trough with
water at 104° Faug.: at 9" 38" 17" the cilia were almost all motionless; by 9" 88= 55°
the trough had been again emptied, but at 9" 39m 5* there was even less movement seen.
Cold water was again poured in at 9* 39m 35, and after eighteen seconds, action was
reappearing in the cilia, and it continued to increase during the next seven minutes, at the
end of which time it was again almost universal. At 9% 52m the cold water was drawn
off, and the same condition of the cilia having been ascertained to exist, the trough was,
at 9* 52= 27", filled up again with water at 104° Faur.; eighteen seconds after this had
been done, the ciliary action was found much diminished, but had not fully ceased ; and
after nine seconds more, during which the warm water was drawn off, the cilia were still
acting very slightly. Within twenty-three seconds of this time the trough was again
filled with cold water: now, however, the epithelium was in many parts beginning to
exfoliate, swelling up by endosmose in obedience to the ordinary laws of chemical
affinity, and so indicating that it was losing its vitality, I also lost sight of the precise
spot which I had been observing, but noticed that ciliary action was again going on pretty
quickly in some places. There can be no doubt, although there was no opportunity for
observing the fact, that the first immersion in hot water caused cessation of the ciliary
action; and that being admitted, we have in this case suspension of function and recovery
four times repeated in the same fragment of tissue in consequence of as many applications
and withdrawals of the irritant. It is a curious circumstance that each recovery, except
the final one, brought up the action of the cilia for a time to a better state than they
had just before the last introduction of warm water. But the discussion of this and
other circumstances in this case will be best reserved till after the mention of another
set of experiments.

In order to eliminate the nerves completely from among the causes both of the suspen-
sion of function produced by irritants and the recovery from that state, it seemed de-
sirable, if possible, to observe those oceurrences in detached epithl.‘.-lillm-cl’#”% and on the
2Z2nd of January 1859 I made the attempt to do so. At first, however, it proved more
difficult than I had anticipated. It was of course easy to obtain the material to operate
on, by gently scraping the surface of the palate of a recently killed frog with a knife,
and placing the mucus-like product on a plate of glass with a drop of water. But the
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‘parts of the field. For the sake of confirmation T again operated in a similar manner
upon another specimen, on which I performed no less than five successive experiments
with similar results in all. In the first three of these trials I had the very same cilia
under observation, and saw them time after time become first increased in action and
then arrested under the influence of the cautery, and gradually recover after its removal.
In some instances the times of cessation and of recovery were noted as follows:—In the
first the cilin were arrested in two seconds after the application of the hot iron, but the
exact time of recovery was not observed ; in the second, cessation of movement was pro-
duced in two seconds, and return began in fifteen seconds; in the third, cessation was in
fifteen seconds, and recovery also in fifteen seconds; in the fourth, the times were not
noted ; in the fifth, movement ceased in about two seconds and returned in twenty. The
experiments were performed within about five minutes of each other, or sometimes less.
It is also to be remarked, that there were some slight differences in the degree of heat
of the cantery and its vicinity to the object. :
These experiments are as instructive as they are simple and easy of performance.
They show conclusively that a component tissue of the animal frame may, indepen-
dently of the nervous system, have its actions either excited or paralysed by the direct
operation of an irritant upon it, and that it may possess an equally independent power
of recovery. Also in the accelerated movements of the cilia elicited by very gentle
heat, as compared with the cessation of their vibrations under a higher temperature, we
have a striking confirmation of the view which I had taken of the relaxation of the
arteries and hollow viscera in consequence of nervous irritation®. For the law which
we thus see regulating the effects of heat upon the epithelium-cells is precisely that
which T had inferred must govern the action of afferent nerves upon nerve-cells; this
law being, that an agency which, when operating mildly, stimulates a tissue to increased
activity, may, when more energetic, temporarily arrest its functions. Whether or not
the converse always holds, viz. that any agent which is capable of suspending the fune-
tional activity of a tissue may also excite it if applied with sufficient gentleness, or, in
other words, whether irritants are in all cases also stimulants, seems very doubtful.
As regards the nerves, such does appear to be the case; for while many, and probably
all influences which induce inflammatory congestion cause temporary paralysis of sensa-
tion in parts on which they act severely enough, they all stimulate the afferent nerves
in the first instance, as is shown by the reflex changes in the calibre of the arteries which
occur round about any irritated spot. The nervous centres, too, present an illustration
of the same principle, not only in the effects produced upon them by the nerves, as lately
alluded to, but also in the excitement well known to be occasioned by small doses of
many sedative narcotics, such as aleohol, opium, and chloroform, which may be regarded
as special irritants of the nervous centres. In the case of the cilia, I have not observed
primary increase of movement to be induced by any agent besides heat; but I am not
prepared to say that it might not by careful management be made to occur with some
other irritants.
* Vide aniea, p. GO0,
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vents the occurrence of post mortem concentration, implying' that the powers of the
chromatophorous cells are completely suspended by it within.a few minutes at most of
its first acting on the part; yet, however long the tissues thus paralysed are kept sub-
jected to its influence, they remain without any sign of action. They will, however,
recover speedily and completely if soon taken out and exposed to the air, so that the
irritating gas may be dissipated; whereas if retained for several hours in the aérated
water, they may, indeed, have their powers restored to a certain extent on removal from
it, but exhibit only very feeble action. ‘Such facts as these prove conclusively that the
tissues may have their functional activity impaired without loss of witality by the direct
action of irritants, independently of any stimulating effects which may be at first pro-
duced by them ; and also that the influence thus exerted is of an injurious tendency.

‘The imperceptible transition from suspension of function to loss of vitality displayed
by the long-continued operation of carbonic acid upon the pigment-cells is also well
illustrated by some of the experiments upon the cilia, especially those with heat and
ammonia,, which, unless employed with extreme caution, not only permanently arrested
the vibratile filaments; but reduced the epithelium-cells to:a condition in which they
were amenable to the ordinary laws of chemical affinity.. All irritants appear to be
agents which, if operating with sufficient energy, completely destroy vitality, probably
by inducing, through chemical or physical action, an irreparable derangement of the
molecular constitution of the tissues. Their essential property, however, iz that of
causing, when applied somewhat more mildly, a minor degree of disturbance or disorder
in the component textures of the body, which are rendered for the time being unfit for
discharging their wonted functions *, though afterwards, by virtue of their innate powers,
capable of spontaneous recovery, the rapidity and completeness of which bears an
inverse ratio to the intensity and duration of the previous irritation. Lastly, these
same noxious agents, if in a still more gentle form, operate, upon some of the tissues at
least, as stimulants; rousing them to increased exertion of’ their vital functions. How
this effect is brought about must, I believe, be only matter of uncertain speculation, so
long as the real nature of life in the animal frame remains, as it probably ever will
remain to our finite capacities, an impenetrable mystery.

It is an interesting circumstance that, in the experiments with warm water, the cilia,
after recovering from the state of quiescence, moved for a while more briskly than they
did immediately before the application was made. This increased action cannot be
attributed, like the primary acceleration resulting from very gentle warmth, to a mild
operation of the irritant; for the epithelium-cells must have been completely cooled
down before it commenced. It must therefore be regarded as a true reaction on the
part of the tissue, whether dependent on accumulation of vital energy during the period
of suspended function, or excited, as by an irritant, by the state of disorder which the
warm water had induced, seems uncertain.

* The word * irritant " is etymologically ill adapted to express the posscssion of this property ; but na it
is universally employed in professional nomenclature, it is perhaps best to continue to use it.
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duced by dilatation of the arteries and concomitant obstruction in the capillaries; but
seems naturally accounted for on the hypothesis that the walls of the wvessels, like other
tissues, lose, for the time, in inflimmation, their vital properties, and, acquiring an
attraction for the fibrine like that exercised by ordinary solids, permit it to pass with-
out opposition through their porous parietes.

It may be well to present a brief summary of the principal results arrived at in the
present section.

It appears that the various physical and chemical agents which, when operating
powerfully, extinguish the life of the constifuents of the animal body, produce by a
somewhat gentler action a condition bordering upon loss of vitality, but quite distinet
from it, in which the tissues are, for the time being, incapacitated for discharging their
wonted offices, though retaining the faculty of returning afterwards, by virtue of their
own inherent powers, to their former state of activity, provided the irritation have not
been too severe or protracted. This suspension of function or temporary abolition of vital
energy is the primary lesion in inflammatory congestion; the blood in the vicinity of
the disabled tissues assuming the same characters as when in contact with ordinary solid
matter, and thus becoming unfit for transmission through the vessels; while the return
of the living solids to their usual active state is accompanied by a restoration of the vital
fluid to the healthy characters which adapt it for circulation.

CONCLUSION.

It remains to glance at the application of the principles established in the preceding
pages to human pathology.

The post mortem appearance which is universally admitted to indicate that the early
stages of inflammation have occwrred during life, is intense redness, depending essentially
not upon peculiar distension of the vessels with blood, but upon abnormal accumulation
of the red corpuscles in their minutest ramifications. A beautiful example of this con-
dition, developed idiopathically, was presented by the case of incipient meningitis men-
tioned in the Introduction, in which the vessels of an affected spot of pia mater were
filled with a erimson mass of confusedly compacted corpuscles, exactly as in an area of
the frog's web to which mustard has been applied. The derangement of the vital fluid
in the human subject being thus closely parallel to that which we have studied in the
batrachian reptile, we can hardly doubt that in the former, as in the latter, the living
solids are in a state of more or less complete suspension of functional activity during
inflammatory congestion. This view is supported by the effusion of liquor sanguinis in
its integrity in the more advanced stages of the disease in man, and by the speedy coagu-
lation of fibrine upon inflamed serous surfaces, or in the interior of vessels affected with
arteritis or phlebitis. For these circumstances, as has been before remarked, appear to
indicate that the tissues are for the time being reduced still more towards the condition
of ordinary solid matter. These arguments, derived from the appearances of the blood,
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by the results of this investigation is, that it is necessary to draw a broad line of demar-
cation between inflammation produced by direct irritation, and that which is developed
indirectly through the medium of the nervous system, whether in the immediate vicinity
of a source of irritation, as around a tight stitch in the skin, or a thorn in the finger,
or at a distance from the disturbing cause, as when the kidneys are affected in conse-
guence of the passing of a bougie, or the lungs through exposure of the feet to cold.
Nothing can better illustrate the importance of this distinction, than what takes place in
a recent wound. In consequence of the injury inflicted by the knife, together with the
subsequent manipulation and exposure, the tissues, in a thin layer at the cut surface, are
thrown into that condition which leads to effusion of liquor sanguinis, the fibrine of which,
speedily coagulating, remains to constitute the bond of primary union, while the serum
trickling away between the lips of the wound produces the discharge which soaks the
dressing during the first twenty-four hours. But neither during the exudation of the
lymph in such a case, nor during its subsequent organization, is there necessarily any
inflammation induced in the lips of the wound throngh the nervous system; and if this
complication does oceur, it interferes with the healing process in a degree proportioned
to its intensity. In other words, while a certain amount of inflammation as caused by
direct irritation is essential to primary union, any degree of it as induced indirectly is
both unnecessary and injurious.

The question how inflaimmation is developed through the medium of the nervous
system, possesses a high degree of interest, in consequence of its bearing upon the manner
in which counter-irritation operates therapeutically. In the integument, where we have
the opportunity of seeing the affected part, the first indication of the supervention of
inflammatory disorder around a centre of irritation is a blush of redness, which, as
before shown ®, consists, in the first instance, of mere dilatation of the arteries with rapid
flow of blood through the capillaries. It is quite conceivable that arterial dilatation,
carried to an extreme degree along with powerful action of the heartf, may so increase
the tension upon the tissues as to impair their powers gradually by mechanical irri-
tation, just as the frontal integument is affected by long-continued gentle pressure from
without, as above alluded to; for we know that when inflammation does exist, mere
increase of tension upon the blood in the vessels will greatly aggravate the disorder, as
when an inflamed foot is kept in a dependent posture. Supposing this to be the whole
mechanism of the disease, its origin would be sufficiently intelligible; for we have
seen that vascular dilatation caused by irritation operating through the medium of the
nervous system appears to depend on a depressing influence produced by excessive action
of the afferent nerves upon the ganglia which preside over the arterial contractions.
There are, however, some circumstances, such as the dryness of the nostril which may
exist in the early stages of coryza, and sudden suppression of urine in consequence of

* See page 065

+ It is to be observed, that in the frog, when full dilatation of the arteries lasta for days together without
the production of inflammatory congestion, the state of the vessels has been brought about by a very serious
operation which greatly weakens the action of the heart.

T ryrTa—
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of the body of the cell, the more circumferential parts of which contain only
colourless fluid, and are therefore invisible.

Fig. 7 is an outline of the wall of a large blood-vessel, with chromatophorous cells in its
external coat. The pigment is almost completely concentrated, but the form
of the section of the black masses, where they are seen edgewise, shows that
they are not spherical, but disc-shaped.

Figs. 8, 9, and 10 are drawn, with a much higher power, from young frogs, with small
pigment-cells: they exhibit especially the form and relations of the nucleus.

In fig. 10 the pigment is shown in an unhealthy state, the molecules being irregularly

aggregated.
PLATE XLVIIL

represents the effects produced by irritants upon the pigmentary tissue and the blood-
vessels of the frog's foot.

Fig. 1 shows the results of the application of mustard to the web. The pigment was at
first in the stellate condition as on the left-hand side of the sketch, and it
. remained permanently in that state in the part on which the mustard lay,
while at the same time intense inflammatory congestion was produced there,
indicated by the deep red colour of the vessels. Just beyond the edge of the
mustard the ifritating vapour of the volatile oil gave rise to full diffusion of
the pigment (an effect peculiar to mustard and a few other irritants when
acting mildly), but without material inflammatory disorder of the blood; as
seen in the stripe down the middle of the drawing. During the progress of
the case the animal changed to a pale colour in the body generally, assuming
the dotted aspect depicted on the right-hand side of the sketch in all parts
which had not been acted on by the mustard, and thus deprived for the time
being of the power of concentration. It will be observed that the blood-vessels
of the healthy part are not materially smaller than those of the congested
region; the deep colour of the latter being due to their containing closely-
packed red corpuscles, while the former are pale in consequence of the blood
within them having the normal proportion of colourless liqguor sanguinis.
Fig. 2 illustrates the effects of mechanical violence. The lower half of the sketch repre-
sents part of an area in one of the webs of a dark frog, which was pinched

with a pair of padded forceps so as to give rise to inflammatory congestion. .

The animal afterwards grew much paler, so that in healthy parts the pigment
assumed the angular or slightly stellate appearance shown in the upper part
of the drawing. But ¢n the particular spot on which the mechanical violence
had operated, the chromatophorous cells being incapable of discharging their
usual functions, the pigment remained in the fully-diffused state in which it
was at the commencement of the experiment.






















