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and the Blood - Vessels in Inflammation. 5!

observing and describing phenomena in their sequence and .
correlations, as Kirchoff advised, instead of inventing causes
to account for them. Inflammation is a morbid process, the
phenomena attending which have their initial seat in the
blood and blood-vessels of the part affected. In studying its
‘course, therefore, we have to direct attention to the sequence
and correlations of the phenomena which present themselves
in connexion with the state and action of the said blood and
blood-vessels.

§ 4. In my Report on the Nature of Inflammation in No.
xxxrv. of the ¢ British and Foreign Medical Review ' (1844),
I accepted the doctrine that fo suspension of nervous influ-
ence from the arterioles, the accumulation and aggregation of
blood-corpuscles in the extreme vessels of a part, constituting
inflammatory congestion, are owing. This excogitation, how-
ever, I formally renounced in my Essay on the state of the
blood and the blood-vessels in inflammation (* Guy’s Hospital
Reports,’ October, 1850), for the reason which I proceed to
explain: After directing my attention to the mechanism of
the establishment of vascular congestion in a wounded part,
I turned to the study of the mechanism of a vascular con-
gestion which had become established in the web of a frog,
independently of any solution of continuity of wvessels by a
wound. In such a case when the walls of the arteries of the
limb were paralysed by section of the ischiatic nerve, I found
that the congestion was rapidly dispersed by the free flow of
blood which ensued under the full influence of vis a tergo—
the force of the heart continuing unchanged—which came
into operation. This, it may be observed, showed that « debil-
itated action” of arteries, even to actual paralysis, was a
condition antidotal o, not « cause of, the idiopathic inflam-
matory congestion of the character under notice.

§5. In the case of inflammatory congestion around a
wound, a similar resolvent effect was not produced, On the
contrary, congestion was not only increased,* but continued

* See infra, and also the description of my preparations of wounded and
inflamed webs of the frog, injected with their own blood, and the illustra-
tive drawings in ¢ Guy’s Hospital Reports,’ befure cited.
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§ 0. Idiopathic vascular congestion begins with con-
‘striction of the arterioles of the affected part, the effect of
which constriction is retardation of the flow of blood in
them, while regurgitation from various neighbouring anas-
tomosing vessels, in which the circulation is still going on,
takes place into the capillaries and venous radicles to which
the constricted arterioles lead. The blood, being thus
retarded in its course, red corpuscles are retained and
acorepate together, while the saline constituent of the
plasma, by virtue of its nature as a erystalloid, exudes by
dialysis. The result of this separation of the saline con-
stituent of the serum is that the red corpusecles with the
fibrinous and albuminous elements of the plasma become so
fused together, by virtue of their nature as colloids, that the
appearance of a uniform viscous-looking red mass indicated
by Sir Charles Hastings, as above mentioned, is produced.
Flowing sluggishly along, this mass tends to become
stagnant in the small vessels of the affected part—arterioles,
capillaries, and venules. It is subsequently to the escape of
the erystalloid constituent of the serum by dialysis that
exudation of the colloid lymph takes place, as was shown
by the late Professor Graham, Master of the Mint, in his
researches on Colloids and Crystalloids. At the commence-
ment of a nasal catarrh, the discharge from the nose is a clear
saline solution ; subsequently the discharge is a thick mucus.

§ 10. Though hyperemia or simple vascular fulness from
increased freedom of the flow of blood in a part owing to
relaxation or actual paralysis of the arterial walls is, in its
mechanism, the very opposite of inflammatory congestion
which supervenes in the manner just mentioned on con-
striction of the arterioles of the affected part, the state of the
blood and the blood-vessels in the two different cases is very
generally confounded.* Accompanying inflammatory con-

* See my article in the ¢Lancet’ propounding the question:—*Is
Dilatation of the Calibre of small Arteries a fact in Nature disclosed by
experimental research to be owing to an active expansion of their walls
under the influence of special vaso-dilafor nerves?” and the remark on
M. Paul Bert's experimental researches in § 2.
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blood again enters a narrower part. This, it will be observed, .
is simply an exemplification of phenomena to be expected
under the eircumstances, in accordance with the principles of
hydraulics.

- MIcROSCOPICAL EXAMINATION OF A Drop oF HEALTHY BLOOD
WITHDRAWN FROM THE BODY.

§ 13. Examining microscopically a small drop of healthy
blood disposed on a slide and covered with a thin plate of
glass, immediately on being drawn, we see at first the red
dises dispersed without order in the plasma, but in a minute
or so arranged like coins in rouleaux. The steps of the
transition to this orderly arrangement, in their sequence
and correlations, are observed to be something in this wise :
adjacent discs coming into direct contact overlap each other
in files, and then slipping up on edge, become applied surface
to surface. Herein, the phenomena would appear to indicate,
in the first place, a slipperiness of the dises on each other,
through the medium of the plasma; in the second place, a
reciprocal attraction whereby they come into actual contact,
surface to surface; and in the third place, direct adhesion.
In my “Observations on the Blood,” in No. xxvi of
the ‘British and Foreign Medical Review, 1842, I offered
it as my conclusion that the reciprocal aftraction and
adhesion of the red dises is of a special character, but whether
of a vital or physical nature I did not stop to inquire, only
observing that the phenomenon appears to be very much
influenced by the state of the corpuscles, on the one hand, and
the composition of the fluid in which they are surrounded,
on the other, The phenomenon of the approach of the red
dises to each other and the adhesion which takes place between
them, subsequently to their coming into contact, it may now
be stated, thanks to the valuable observations and experi-
ments .of my much esteemed friend, the late Professor
Graham, Master of the Mint, depend on the peculiar nature
as colloids of the red dises, on the one hand, and of the

fibrinous constituents of the plasma in which they are
suspended, on the other,
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serum—the fibrin, as a colloid, undergoing pectization or-
coagulation ; while the serum, being a erystalloid solution, is
pressed out in a fluid state by the increasing contraction of
the coagulating fibrin. In the fluid serum thus become free,
the rouleaux of red corpuscles are left immersed. Super-
‘vening on this, the arrangement in rouleaux tends to be
broken up. ;

§ 18. These phenomena may be taken to indicate that
the presence of the fibrinous element in the fluid state is a
condition favourable to the agoregation of the red corpuscles
into rouleaux; while, on the other hand, immersion in the
serum, which is a crystalloid saline solution in an albuminous
colloid, set free when the colloid fibrin has been separated by
pectization or coagulation, is unfavourable to the conti-
nuance of the said aggregation.*

§ 19. Conversely, it is here, in passing, worthy of being
noted that, as we have above seen, and as we shall again see
more particularly below, on the establishment of wvascular
congestion, as seen in the web of the frog’s foot under micro-
scopical examination, the red corpuscles and the fibrinous
element of the plasma being left together in direct contact
by the dialytic exudation of the ecrystalloid saline of the
serum which takes place, become, owing to their nature as
colloids, interfused and form the uniform viscous-looking
red mass within the vessels of the affected part which is seen
moving sluggishly along, and at last becoming stagnant, as
above described in the quotation from Sir Charles Hastings,
and which was spoken of by older writers under the expres-
sion of lentor and remora of the blood.

§ 20. But to return to the behaviour of our drop of blood,
which was withdrawn from the living body. After the pre-

* In No. xxvnr of the ¢British and Foreign Medical Review’
(July, 1842), the fact was stated that aggregation of the red corpuscles of
blood into rouleaux does still take place in the serum after the fibrin of
‘the plasma has been withdrawn by coagulation. It wasg, however, shown
that the inference that the fibrin exerts no essential action in causing the
aggregation must be taken with some degree of qualification.
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«“Case I. Blood from a young man labouring wunder.
pericarditis—By the time that a small drop of blood could
be transferred to the microscope and examined, the red
corpuscles had already aggregated together into rouleaux.
These rouleaux were seen to become quickly broken up
“again ; this was followed, however, not by disaggregation
of the dises as above deseribed in healthy blood, but by
their collection into isolated masses, dispersed in wide inter-
vening spaces of plasma. So close was this aggregation that
the red corpusecles appeared almost as if fused together.

“Case 11. Blood from a young man, aged eighteen, labowr-
ing under peritoniftis.—On immediate examination of a small
drop under the microscope, the red corpuscles were seen
already aggregated into rouleaux, leaving in the field wide
spaces of plasma. The corpuscles appeared thinner, and as
if softer than in healthy blood. Disruption of the rouleaux
soon followed, and the corpuscles became collected into
irregular viscous-looking red masses, as if fused into each
other. To the naked eye, the drop of blood, as spread out
on the glass slide, exhibited the aspect referred to below, as
having been described by John Hunter to be characteristic
of blood drawn from a person labouring under severe inflam-
mation.

“CAsE I11. Blood from a man with pneuwmonia of two days’
standing.—The red corpuseles, viseid-looking on the surface,
quickly ran together into rouleaux, and then, as if fused
into each other, became closely aggregated into irregular
masses.” .

§ 23. On the surface of a cupful of blood, soon after being
drawn by venesection in such cases, what is called a buffy
coat is formed by a separation of the plasma together with
the colourless from the red corpuscles. The latter remaining
at the bottom of the cup in the form of crassamentum, while
the plasma with the colourless corpuscles collects at the top,
and, coagulating, forms the buffy coat. In the morbid con-
dition of the blood under notice, there is, as above mentioned,
an increased quantity of fibrinous matter in the plasma, while
the red corpuscles are diminished in number. At the same
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colloid but in a fluid state, seem to react on each other in the
manner peculiar to their nature. As an indication of the
effect of such reciprocal action, we may accept the fused-like
condition of the surface of the red corpuscles, the unusual
celerity and closeness with which they aggregate into rouleaux
and other peculiarities of the phenomena observed in bufty
blood, on the one hand, and on the other, the increased
quantity of the fibrinous constituent in the plasma ; that is,
if we may accept also, as I did forty-eight years ago, the
teaching of the late eminent Professors of Gottingen, my
friends Doctors Wagner and Henle, viz., to quote the words
of the former, that  the red corpuscles might be presumed to
bear the same relation to the plasma and its normal compo-
sition as the cells of secreting glands do to the secreted
fluids ;” and to quote the designation applied by the latter to
the red corpuscles of “ swimming glandular cells.”

§ 25. In my “ Observations on the Blood,” in No., xxvrr.
of the ¢ British and Foreign Medical Review,” the fact was
dwelt on that the red corpuscles of blood drawn from a person
labouring under acute inflammation aggregate, as above
mentioned, more rapidly and closely into rouleaux than is to
be observed in healthy blood. Misinterpreting my words on
the subject, the late Dr. Williams, in his ¢ Principles of
Medicine,” published in 1843, attributed to me a statement
“that it is a similarly rapid and close agoregation of the red
dises within the vessels which is the cause of the obstruction
in the capillaries in inflammation and other cases of impeded
circulation.” This, Dr. Williams called an “assumption” on
my part, and then proceeded to refute the statement with
which-he had ecredited me by an sgnoratio elenchi, On this,
I remarked® : “How much soever the author of this Report
believes that the greatly increased tendency of the red
corpuscles of buffy blood to aggregate, would promote the
action of the exciting cause of inflammatory stasis, it was
never for a moment his opinion that such increased tendency
was a necessary condition for inflammatory stasis, knowing

i
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teport “ On the Nature of Inflammation” in No. xxx1v. of tle
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agaregate, such as that which is observed in blood drawn
from the body and at rest, as above deseribed.

§ 31. In very small capillaries, colourless corpuscles may
be observed passing, one after the other, but a red corpuscle,
only now and then—a peculiarity which suggests the idea
that the phenomenon is owing, not to the difference in size
(for the red corpuscles readily yield, so as to be accom-
modated to vessels of a width less than their own diameter),
but to an absence of attraction, if not the existence of a
positive repulsion, between the red corpuscles and the walls
of the vessels. I have seen colourless corpusecles readily
enter very small capillaries; but a red corpuscle, when it
would have followed, has been as if warded off, unless
accidentally pushed in by the passing stream.

§ 32. Sir Joseph Lister, as above mentioned, has excogi-
tated the cause of the aggregation of the red corpuscles into
“rouleaux, which we see take place in a drop of blood newly
drawn from the body and displayed under a mieroscope.
This discovery of his, as he claims it to be, he would have
us aceept as a fact in nature affording the true explanation of
the process of inflammation, thus :—“The essential feature,”
says he, “of the inflaznmatory process is a more or less com-
plete suspension of a functional activity in the affected tissues
(the eonsequence of some injurious influence acting on them)
owing to which the red corpuscles of the blood in the vessels
of the part acquire increased adhesiveness or stickiness of
surface, and so aggregate together and block up the vessels,
causing stasis sanguinis.” The late Sir Charles Hastings'
account of the phenomenon observed at the commencement
of inflammation in a frog’s web displayed under a microscope,
viz., “the corpuscles of the blood within the vessels of the
affected part, as if fused together into a uniform red mass,
which is moved sluggishly along and at last becomes
stagnant,” is above quoted (§ 1) as a simple enunciation of
what can be observed in nature; but Sir Charles’ obifer
dictum that the vessels themselves are debilitated in their
action, and that to this the alteration in the state of the
blood on entering them from the vessels of the adjacent

B
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effect of mere stickiness. The reciprocal attraction of the -
red corpuscles and disposition to melt into each other at
their surfaces when, by the abstraction of surrounding serum,
they have been in direct contact for a time, depends on their
colloid nature, as we have seen reason to conclude from
the late Professor Graham's observations on Colloids and
Crystalloids.

§ 36. As to the accumulation of colourless corpuscles on
the inner surface of the vascular walls, all that can be said
by way of description of the phenomenon has been stated
above, and in my Reports in the ‘British and Foreign
Medical Review.” Here I would eall to mind how that, in
the small vessels, we see the red corpuscles keep together in
the axis of the stream of plasma, though they do not adhere to
each other ; while next the walls, where the stream is slower,
, the colourless corpuscles tend to accumulate. This tendency
of the colourless corpuscles to accumulate depends, as above
suggested, on an attraction between them and the vascular
walls, the operation of which is favoured, partly by the
slowness of the stream next the walls and partly by an
attraction between them and the plasma, such as we see
manifested by their continuing mingled therewith in the
formation of the buffy coat. We shall see below that red
corpuscles acted on by solution of salt applied to the web
show an attraction for the wall of a vessel which they do
not exhibit under normal conditions.

§ 37. At the commencement of the establishment of
inflammatory congestion, colourless corpuscles accumulate,
in the manner just mentioned, on the inner surface of the
walls of the wvessels, while the red corpusecles, which are
retained, aggregate. Hereupon the erystalloid element of
the serum in solution separates and is exuded by dialysis.
The fibrinous element of the plasma which is left, and what
of the albuminous element of the serum which has not
exuded along with the erystalloid solution, coalesce, by virtue
of their colloid nature, with the colloid red corpuscles, and
thus there is produced the well known aspect of a viscous-
looking red mass which moves sluggishly along in the
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drawn, but altered as regards condition, combination and.
arrangement. The transition of the blood from the liquid
state into that of a red jelly-like mass is owing to the
pectization or coagulation which the fibrinous material of the
plasma comes to undergo by virtue of its colloid nature.
From this pectization or coagulation, there results a felt-work
of fibres, in the meshes of which the corpuscles (both red and
colourless), together with the serum (left separate when the
fibrinous material of the plasma underwent pectization), are
retained. If it is by virtue of its colloid nature that this
fibrinous material of the plasma undergoes pectization, how
is it, it will be asked, does pectization not take place in the
blood within the vessels of the living body ?

§ 41. Within a time as short as that during which blood
continues uncoagulated after abstraction, the blood within
. the vessels of the living body has already made two or three
circuits, in the course of each of which it has become
impregnated with carbonic acid gas on the one hand, and
deprived of oxygen gas on the other while passing through
the capillaries of the system; to be, conversely, in its
passage through the capillaries of the lungs, impregnated
anew with oxygen gas-and freed from the carbonic acid gas
with which it had become loaded in passing through the
capillaries of the system. Furthermore, the blood, in its
course through the body, receives the renovating lymph, but
gives out various matters for nutrition and secretion, while
in exchange certain decomposed old matters are returned, to
be eventually eliminated from the system in various
processes.

y 42. The blood in its course within the vessels of the
living body is thus in a state of constant change as regards
composition, like the tissues themselves which it nourishes,
while it is itself object and agent of its own nutritive
changes. Indeed, it has been aptly compared by a French
Physiologist to a tissue under the name of Chair coulante.
The blood in fact, though fluid, contains in suspension (as
remarked in my “ Observations ” in the * British and Foreign
Medical Review,” No. xxvur, 1842), innumerable organized
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within the upper segment of the vessel into crassamentum
and plasma, something like what occurs in the formation of
the buffy coat. It may be mentioned, in passing, that the
internal clot thus formed received successive additions of
plasma by deposit from the stream passing off from the
trunk of the vessel by the first considerable branch above the
wound.

§ 45. The blood, though within a living vessel, thus under-
goes coagulation in consequence of being at rest, and, there-
fore, excluded from the changes which normally take place
in its composition while circulating through the body. Some-
times in the course of my observations, I have seen the
part of the upper segment of the divided artery containing
the internal clot suddenly become constricted, whereupon,
the crassamentum and the plasma composing it, as above
mentioned, were regurgitated into the stream passing off
from the trunk by the censiderable branch above and carried
away.

§ 46. From blood within a vessel in full stream, a local
deposit of fibrinous matter is found where there may happen
to be a lesion of the inmer coat of the vessel. This cannot
be compared to the coagulation exemplified in the formation
of the internal clot just described. It may, however, be
compared to the coagulation exemplified in the formation of
the external clot; thus, when an artery is divided, the cut
ends retract within its sheath, the inner surface of which at
the place is thereby left ragged by the laceration and streteh-
ing of the cellular tissue. The blood escaping from the
mouth (the upper let us say) of the cut vessel, encounters
this ragged inner surface of the sheath, and thereon fibrinous
matter from the plasma is deposited by coagulation, and
forms the external clot whereby further haemorrhage is
arrested, and the condition established for the accumulation
of the blood which comes to form the internal clot as above
described. The deposit of fibrin from blood just drawn from
the body on being whipped or stirred may be compared, in
one respect, to the deposit just deseribed on the ragged inner
surface of the sheath of a divided artery.
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to be noted, acts merely as a saline solution. Though blood
may be thus kept fluid, after being abstracted from the body,
it cannot be compared, in respect to composition, to blood
actually circulating within the vessels.

PHENOMENA ATTENDING THE KESTABLISHMENT OF VASCULAR
CoNGESTION A8 ExciTep BY DIFFERENT CAUSES.

1. Phenomena attending the establishment of wvascular con-
gestion in o wounded part of the web of a froy’s foot

or bat's wing. :

§49. In my Essay on “The State of the Blood and
Blood-Vessels in Inflammation ” (‘ Guy’s Hospital Report,” for
October, 1850), I described and illustrated by drawings from
the life the phenomena attending the establishment of
vascular congestion in a wounded part of a frog's web, as
observed under the microscope. Subsequently, in a paper in
the ¢Medico-Chirurgical Transactions,’ for 1852, I deseribed
the corresponding phenomena in the web of a bat’s wing.

§ 50. In a wound of the web of a frog’s foot or bat’s
wing, involving division of a small artery, this vessel was
seen to become constricted on either side of the section
for some distance beyond, so that the blood was driven
centrad in the upper segment and squeezed onward distad
in the lower. In a few seconds, the constriction of the
vessel ceasing, in consequence of relaxation of its muscular
wall, which had beecome contracted at the place under the
stimulus of the wound, vis @ tergo came freely into operation,
and haemorrhage took place from the upper segment in a
direct course. On the stoppage of this haemorrhage by
the formation of an external clot, the upper segment of the
divided artery, from its mouth thus closed to some distance
above, was seen filled with blood, which came to be the
nucleus of an internal clot, as above explained. What
haemorrhage took place from the lower segment of the
divided artery was by reflux. After its cessation, blood,
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but when the artery thus became slowly constricted to oblite-
ration at the cauterised spot, the blood, no longer finding a
passage onwards, flowed off freely by the first considerable
branch above from the trunk, as in the case of stoppage of
the passage by section of an artery.

'§ 59. As in this case of stoppage of an arterial passage by
section of the vessel, there also took place reflux of blood into
the capillaries and venous radicles, as well as into the
arterioles opening into the capillaries of the region to which
the now obliterated artery had led. The corpuscles of the
blood, thus regurgitated, were seen to become aggregated and
stagnant. Neighbouring arteries which had not come under
the caustic action of the bluestone, but which were merely
irritated by the weak solution of it which had reached them
by diffusion around, having their walls subsequently relaxed,
became dilated by distension with the full streams of blood
now freely entering them. From these rapidly flowing
currents, the vessels, on the distal side of the obliterated
part of the cauterised artery, received the blood by regurgita-
tion ; but the corpuscles of this regurgitated blood becoming
aggregated and stagnant, the freedom of the streams in the
relaxed and distended arteries adjacent was diminished owing
to diversion of the flow into other channels higher up. And
thus was established in a circumseribed spot intense vascular
congestion from stasis of red corpuscles, owing to arrest of
the flow of blood to the spot, in consequence of the oblitera-
tion of the artery leading to it. The mechanism of this
congestion, it will be observed, is substantially similar to that
of the congestion before deseribed as taking place in a wounded
part in which an artery is divided.

§ 60. The flow of blood in full stream causing vascular
fulness in the first instance, which was owing to the enlarge-
ment of the calibre of the artery by distension with blood as
before described, it is to be observed, had nothing to do with
the establishment of the subsequent circumseribed congestion,
and much less had any imaginary primary active dilatation of
the artery.

§ 61. The explanation here given of the phenomena observed
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non-vascular, and yet inflammation of it is spoken of under
the name of Corneitis, or ¢ Keratitis.”

§ 64 The cornea derives the materials necessary for its
nutrition by exudation from the blood circulating in the
vessels of the adjoining conjunctiva and sclerotica. Let us,
therefore, inquire what takes place in the cornea when it
suffers such an injury as would excite inflammatory conges-
tion in a vascular part. First of all, then, the vessels of the
adjoining parts of the conjunctiva and sclerotica, though not
directly implicated in the injury, become the seat of conges-
tion ; and secondly, the cornea becomes more or less opaque
in consequence of exudation of lymph into the interstices of
its substance. Thus, the cornea when wounded, though it
does not itself become the seat of vascular congestion, becomes
the seat of another and most important part of the inflam-
matory process, viz. exudation of lymph. The only peculiarity
in respect to the cornea, as compared with vaseular structures,
being that the vaseular congestion on which the exudation
of lymph depends, is seated—not in it—Dbut in parts adjacent
to it ; hence, instead of the old formula, “wubi stémulus, ili
Suwwws,” it would, strictly speaking, be more appropriate to
say, in respect to Keratitis, “ hic stimulus, ibi flucus.”

§ 65. In the course of a Keratitis, the cornea may, indeed,
become vascular itself also, but such an event is secondary,
and is owing to the development of new vessels shooting out
in the exuded lymph from those of the conjunctiva and
sclerotica which became primarily congested. Such super-
vening vaseularity in the cornea, however, does not always
occur, even in the healing process. Ordinarily, the incision
of the cornea for the extraction of a cataract unites by the
first intention without the development of new vessels in its
substance, and we sometimes see an ulecer of the cornea
become filled up with non-vascular granulations.

§ 66. In Kerafitis, we have thus a natural analysis of the
phenomena of the inflammatory process in its two great
initiatory stages—the congestion in one place, and the super-
vening exudation in another. Moreover, we have a well-
defined example of the mode in which irritation may be

D
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junctiva and sclerotica adjoining the cornea, and that the
consequence of this was relaxation of the muscular walls of
the arterioles permitting dilatation of their calibre by disten-
sion, owing to the increased afflux of blood directly into it.
This view, however, I subsequently renounced as above men-
tioned and explained (§ 4).

§ 70. In conclusion of these remarks on the vascular con-
gestion attending Keratitis, I beg to repeat what I have
elsewhere insisted on, that it is a mere excogitation to say
that white corpuscles migrate from vessels of the conjunctiva
or sclerotica, by boring through their walls, into the interstices
of the corneal substance. If is impossible to examine the
parts concerned during life. Having, however, displayed a
minute section of a detached piece of healthy cornea under a
microscope armed with a one-eighth of an inch object-glass,
no corpuscles were at first seen on examination ; but after a
brief interval of time I observed white cells begin to protrude
as if from interstices at the edge of the section. Such corneal
corpuscles are, no doubt, the objects which Cohnheim appears
to have imagined to be colourless corpuscles of the blood
which had emigrated from the vessels in the adjacent parts of
the conjunctiva and sclerotica, and which, as he supposed,
made their way into and through the interstices of the cornea
by means of amceeboid movements,*

4. Phenomena attending the establishinent of vascular conges-
tion independently of any lesion of structwre.

§ 71. In my Essay, “ On the State of the Blood and Blood-
Vessels in Inflammation” (‘Guy’s Hospital Reports’ for

* In my Articles in the ¢ Lancet,’ * On the alleged Escape of White Cor-
puscles from the small Vessels,” [ have sufficiently shown the unsatisfactory
characters of the observations of Cohnheim, his predecessors, and followers,
on the subject. In a reproduction of Lister's “theory ™ of inflammation,
i a valuable text-book on Surgery, it is stated (to the bewilderment, I
fear, rather than the enlightenment of the students) that the said “ theory ”
was not received until Cohnheim’s discovery of migration in 1867. I do
not know if Lister has yet observed the phenomenon which at one time he
had failed to see, though not to doubt. Failing his attestation, however,
Mr. Victor Horsley describes emizration from a vein in the mesentery of
the frog which had been exposed for seven fiours!

D 2






and the Blood - Vessels in Inflommation. 37

in the bat in 1852, by pictorial delineation as well as verbal
description.

§ 73. In the mechanism of the establishment of vascular
congestion independently of any solution of continuity of
vessels, simple arterial obstruction operates, as above said,
in -one respect like the division of vessels in a wound.
Different, however, from the congestion, hereby occasioned,
congestion from simple arterial obstruction, in what manner
soever excited, may become resolved in the early stage by
the supervention of relaxation of the contracted walls of the
arteries, so that the full stream of blood which ensues under
the influence of wis @ fergo, distends the calibre of the
arterioles and drives onward the ageregated mass of red
corpuscles stagnant in the extreme vessels. In exempli-
fication of this, it has been above shown (in §§ 5, 6, and 7)
that in catarrhal conjunctivitis, the small arteries are con-
stricted, while the capillary network and venules leading
therefrom are the chief seat of engorgement with red
corpuscles. On the other hand, it was shown that stimu-
lating collyria in the treatment of catarrhal ophthalmia act
by the relaxation of the arterial walls and re-establishment
of the free flow of blood, superinduced on the cessation of
the contraction of the muscular wall at first excited. The
. nature of the condition of the vessels implicated in the
inflammation in question and the modus operandi of the
stimulating collyrinm applied in the treatment are thus
reciprocally illustrative. In respect to this modus operand?
of stimulating collyria in the treatment of catarrhal
ophthalmia, it is to be noted that, as will be seen below,
the vascular injection produced by a lesion—even such
as 1s made by a thorn or the stitch of a suture—instead
of being dispersed, is increased by the application of an
irritant to the interdigital web of a frog or by section
of the sciatic nerve, because direct vis « fergo in the
arteries, which have been implicated, cannot be re-established

while the reflux from adjacent anastomosing vessels is
augmented.
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paralysed and cannot contract under the stimulus of the salt
solution, their calibre remains dilated by distension with
blood which flows so rapidly in full stream that it escapes
the action of the salt.

§ 76. In a case in which the ischiatic nerve has not been
interfered with, and in which, therefore, the arteries of the
web retain their contractility, the application of a strong
solution of salt excites contraction of their muscular coat
with corresponding constriction of their calibre, the effect of
which is an impeded flow of blood. This is, however, quickly
superseded by a free flow owing to the relaxation of the
arterial walls with dilatation of their calibre by distension
which supervenes. As the impediment from the temporary
contraction is not great in the larger arteries, the full stream
of blood passes on and escapes any strong action of the salt,
but in arterioles, capillaries, and venules, the stream of blood,
in consequence of its tenuity, is readily affected by the salt,
so that here and there accumulation of red corpuscles with
stasis sanguinis becomes established, and resists the impulse
of the stream in larger arteries leading to them which have
recovered from the constriction primarily excited by the
stimulus of the saline solution, and in which, therefore, the
flow is free. In the arterioles leading to the capillaries, thus
first obstructed, stasis by-and-by becomes established also,
while the streams which lead to them pass off by considerable
branches above. We thus see that under the conditions now
deseribed, stasis is propagated backwards from the capillaries
to the arterioles, and resists vis @ fergo in arteries higher up,
in which the blood is flowing in full streams. This, it is to
be particularly noted, is no indication that congestion under
other conditions, such as those which I have specially de-
seribed, is not owing to constriction of arterioles, and cannot
co-exist with a free circulation higher up. This and such-
like blundering strictures which Sir Joseph Lister (under
the misguiding auspices of his Professor of Physiology, the
late Dr. Sharpey, who was at the same time Physiological
Secretary of the Royal Society) has levelled against my

issay, “ On the State of the Blood and the Blood-Vessels in
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length agglomerated together into a mass, which became
stagnant and filled the said vessels like an injection of red
wax, as above elucidated in the two preceding paragraphs,
8§ 75 and 76.

§ 78. Here, it is now to be stated, that when the blood
thus became stagnant in the extreme vessels of the part, the
further flow in the trunk was so impeded that the stream in
it deviated and passed off by a considerable branch arising
from it still higher up. In the trunk between this branch
and the place where the stasis in the small vessels existed, a
collection of plasma was seen with some corpuscles sus-
pended in it, oscillating forwards and backwards. This
collection of plasma I recognised as the result of a process
similar to that on which the formation of the ecoagulum
wnternwm above deseribed, in the proximal segment of a
divided artery, depends. By continuing the application of
the salt, the web became at last completely injected and fit
to be dried and prepared for mounting on slides for the
miseroscope.*

§ 79. Here the remark is to be repeated that the inflam-
matory injection around a lesion of the web in which
vessels have been implicated is increased by the application
of the salt and continues so. Certain of the preparations
above referred in my Essay in ‘Guy’s Hospital Reports,’
represents cases of such inereased inflammatory congestion
around a wound.

§ 80. In my Essay, “ On the State of the Blood and the
Blood-Vessels in Inflammation,” an exposition of the
phenomena attending the establishment of inflammatory
congesfion in a wounded part of a frog’s web, illustrated by
drawings from life, constituted the very groundwork on
which my further researches were based. Without tracing
out, in their sequence and correlations the -phenomena in
question, no adequate comprehension of the subject could
have been obtained. Subsequent observations on a wounded

* See the special description of all this in my Easa;r iu * Guy's I'iu:spiml
Reports. ) L






—

and the Blood - Viessels in Inflammation. 43

constricted by the contraction of its muscular wall, by what -
cause soever excited, so that the current of blood is retarded,
we observe that red corpuscles accumulate by retention and,
aggregating, come at last to block up the capillaries and
venous radicles to which the constricted arterioles lead. The

accumulation thus arising is- augmented by the addition of

corpuscles derived by reflux from neighbouring vessels in
which the circulation is still free owing to their origin being
higher up, as explained in detail, §§ 52-56.

§ 83. Lister, it is above mentioned, excogitates that it
was perfectly clear that stagnation of the blood dapended on
“something more” than mere contraction of the arteries,
What that “something more” is, he, however, leaves a
mystery under the name of “suspension of animation.” He
does not even explain what he means by the vague expression
of “ contraction of the arteries” which he attributes to me,
though I never used it. Nay, more, as if to fix a charge of
error on me, he adduces an observation of his own to show
that accumulation and stasis of corpuseles took place in fwo
or three capillaries unaccompanied by any change in the
vascular dimensions—meaning by this that there was mo
“contraction of the arteries.” Perfectly true, but the stasis in
this case was owing to a change in the condition of the cor-
puscles themselves by the action of the morsel of capsicum
which Lister himself applied to the web in his experiment ;
though, in consequence of his inadequate observation, he
overlooked the sequence and correlations of the phenomenon.

§ 84. It has been above shown (§ 76), and let it be here
repeated, that under the action of a solution of salt dropped
on the web of a frog, the full stream of blood in the larger
arteries at first escapes, in a great measure, being affected,
but that in consequence of the tenuity of the stream in the
capillaries, the red corpuscles of the blood flowing therein
readily become acted on by the salt which is imbibed into it,
so that here and there we may see them aggregated and

stagnant, This effect of the imbibition of salt in solution
through the capillary wall on the red corpuscles is deseribed
and delineated in my Essay in ‘ Guy’s Hospital Reports,’ so
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on 4 debilitated action of the vessels themselves. This
obiter dictum of Sir Charles Hastings, though merely a rag of
the Brunonian theory, has been (it is above mentioned, § 36)
adopted by Sir Joseph Lister, and amplified by him into *a
suspension of functional activity in the affected tissues, from
some injurious influence acting on them, the result of which
on the blood therein, is that the red corpuscles acquire a
stickiness of their surface, owing to which they aggregate
together and block up the vessels.”

§ 87. This meaningless excogitation of his, Sir Joseph
Lister claims to be a scientific disecovery by himself of the
true cause of the commencement of inflammatory congestion,
and boasts that it has received independent confirmation
from his subsequent inquiry into the nature of coagula-
tion (Croonian Lecture, Royal Society, 1863, ‘ Proceedings,’
pp- 30-1), which is also no more than an excogitation. We
‘have thus presented to us one meaningless excogitation in
support of another, in explanation of phenomena which ought
to have been observed and described in their sequence and
correlations.

STRUCTURE AND FUNCTIONS OF THE Broop-VESSELS.

§ 88. Under this heading Sir Joseph Lister introduces an
episode into his paper on Inflammation in the  Philosophical
Transactions’ which we have been examining, but for what
purpose it is difficult to imagine, seeing that it does not
really bear on inflammation, and seeing that he manifests no
Just comprehension of what he pretends to discuss—a remark,
I have above shown, to be applicable to the main subject of
his paper. Certainly, whatever the purpose or intention was,
the effect of Lister’s would-be criticism, under the encouraging
but misguiding auspices of his Professor, Dr. Sharpey, virtually
amounts to slander of my work, in which I traced cruecial
facts, elucidating vital points in Medical Science. But to
return, Lister says: “The minute veins sometimes exhibit
great contractility ” in the higher animals, as in the irregular
constrictions often seen in the mesentery of the mouse and in
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the veins causing the constrictions in calibre, which alternate
with dilatations, whereby the onward course of the blood
is promoted, regurgitation being prevented by valves. The
dilatations of calibre depend on ensuing muscular relaxation
of the walls of the veins, with elastic reaction of adjacent
parts and entrance of blood. According to his own incidental
mention, Lister had, in his possession, bats for examination ;
but he seems not to have studied the phenomena of the
circulation in their sequence and correlations. It might have
been supposed that Lister, who had previously occupied
himself with success in teazing out and disposing for ex-
amination under the microscope, the muscular fibres of the
tonically contractile walls of vessels generally, would have
been curious to ascertain the microscopical characters of the
muscular fibres of the walls of vessels, the calibre of which
undergoes thythmical variations! But no! He does not even
specially recognise rhythmical contractions of the muscular
walls of the veins as the cause of the rhythmical variations
of their calibre, much less the propulsive force exerted on
the stream of blood.

§ 91. The title of my Paper in the ‘ Philosophical Trans-
actions’ for 1852 is this: “ Discovery that the Veins of the
Bat’s wing, which are furnished with valves, are endowed
with rhythmical contractility, and that the onward flow of
blood is accelerated at each contraction.” This title, though
brief, indicates something more than rhythmical variations
in calibre, but Sir Joseph does not quote it, so that all his
remarks on the subject are meaningless or short of the truth,
Nay, worse than this, Lister does not notice the fact, specially
insisted on in a postscript to my Paper, that, in the ear of the
long-eared bat, which admits of being displayed for examina-
tion under the microscope, the veins are found not to be
endowed with rhythmical contractility like those of the
wing, and that the microscopical characters of the fibres of
their muscular coat do not differ from those of the plane
muscular fibres of ordinary veins.

§ 92. The microscopical characters of the rhythmically
contractile muscular fibres of the walls of the veins of the
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meaningless assertion of Professor McKendrick, the Glasgow
Professor, viz. that rhythmical contractions of veins “some-
times ” take place. (See my Article on the subject in the
¢ Lancet,” February, 1885.) I do not know whether Professor
Burdon Sanderson, instead of demonstrating to his pupils, as
it.is his duty to do, the real fact in the bat’s wing, continues
to teach, in the Biological Institute of Oxford,* the meaning-
less figment that “ rhythmical contractions of veins oceur in
certain animals;” but Professor McKendrick has improved
on his previous misrepresentation, when in the new edition
of his Physiology, recently published (volume ii., p. 269),
he gives utterance to the following elaborate excogitation :
“In some rare instances, the blood pressure still acting
through the capillaries, the pressure of the muscles and the
aspirations of the chest are unable, apparently, to carry on
the circulation, and then we (i.e. Professor McKendrick
himself) find portions of the veins ‘pulsating’ (2), consti-
tuting accessory hearts, as in the ¢ caudal vein of the eel’ (?)
and in the veins of the wing of the bat,” On this it is to be
observed that, as repeatedly said, the caudal vein of the eel
does not pulsate, nor is it endowed with rhythmical contrac-
tility, nor do the veins of the bat's wing pulsate, though they
contract rhythmically. Moreover, it is to be remarked, that
the distance of the veins of the bat's wing from the influence
of the systemic heart of the animal seems to “account” for
the superaddition of the force exerted by the rhythmical
contractions of the veins supported by valves. In his
meaningless excogitation, merging into fiction, Professor
McKendrick adopts the common mistake of confounding
rhythmical contraction of the muscular walls of the veins of
the bat's wing with pulsation, such as is exemplified in the
rhythmical distensions of an artery (not contractions) at
each stroke of the heart; thus betraying gross ignorance of

* Harvey would have been delighted to know the real facts in Nature
which Burdon Sanderson here so ignorantly glosses over. When Warden
of Merton College, Oxford, Harvey, could he have foreseen that a Fellow
of the College and Professor of Biology in the University cared so little for
crucial facts, would have been mortified.

E






and the Blood - Vessels in Inflammation, 51

blood necessarily continues in its course, which is accelerated
at each of the rhythmically recurring contractions, The con-
tractions, it may be mentioned, take place eleven or twelve
times in a minute.

§ 95. McKendrick’s blunder about the caudal vein of the
eel, which he has evidently borrowed from Foster, would be
a manifestation of ignorance and incapacity, something
astounding, if we could allow ourselves to suppose that he
had ever seen the caudal lymph heart of the eel in action,
and the propulsion of lymph from it into the caudal vein,
It is evident, however, as just remarked, that what the
Glasgow Professor says is merely borrowed from the Cam-
bridge Professor, who doggedly repeats his blundering as it
appeared in a previous edition of his book, and which was
commented on in my Article in the ‘Lancet’ five years ago.
Nay, regardless of the injury which must result to the minds
of students of his text-book by telling them what is not
the fact disclosed by observation of phenomena, Professor
Michael Foster says that “rhythmic variations” of calibre,
due to contractions, may be seen elsewhere than in the veins
of the bat's wing. The “ elsewhere,” which is here referred
to, seems to be the caundal vein of the eel, as if its walls were
endowed with rhythmical contractility (with which they
are not), and as if the vessel were the seat of pulsations like
an artery (of which it is not) ; at the same time, the Cambridge
Professor makes no mention of the state of the blood in the
vein, nor the propulsion of lymph from the candal lymph
‘heart into the vessel through a small duet, nor the remarkable
phenomenon attending this propulsion, viz. the cutting
across of the blood stream in the vein by the small lymph
streams which are propelled in rhythmical suceession from
the lymph heart into the vein.

§ 96. Contraction of the walls of arteries with constriction
of their calibre 18 in no case rhythmical, nor propulsive of the
blood from trunk to branches ;* on the contrary, the contrac-

* When a small artery of the web of a frog's foot, displayed under a
microscope, i8 cut across, we have seen that while the upper segment
becomes constricted trunkwards, the lower segment becomes constricted in
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certainly, that Lister does not designate the contractions of
the walls of the arteries causing the constrictions of their
calibre as rhythmical. In my Paper in the ¢ Philosophical
Transactions’ for 1852, “ On the discovery of the Rhythmical
Contractility of the veins of the Bat's Wing,” I refer at p. 133
to the non-rhythmical contractions of the walls with constric-
tion of calibre which the small arteries of the bat’s wing may
be seen to present, as similar to those of the arteries of the
frog’s web.

Tonic CoNTRACTIONS 0oF WALL wITH CONSTRICTIONS OF
CALIBRE OF THE MAIN ARTERY IN THE RABBIT'S KAR.

§ 97. Inmy Paper, “ On the Rhythmical Contraetility of the
veins of the Bat’s Wing,” in the ¢ Philosophical Transactions’
for 1852, I refer in a note to the tonic constrictions of the
main artery in the ear of a rabbit which I observed to take
place occasionally in a manner similar to that in which the
phenomenon presents itself in an artery of the web of a
frog’s foot or bat’s wing. These constrictions of the artery
of the rabbit’s ear which take place, at short but irregular
intervals, have nothing rhythmical in them, any more than
the constrictions of the arterioles from tonic contraction of
their walls above mentioned, as seen to occur now and then
in the frog’s web or bat’s wing.

§ 98. Dr. Schiff, of Frankfort, published a Paper, en-
titled “Ein accessorisches Arterienherz bei Kaninchen,” in
Vierordt’s “Archiv der physiologischen Heilkunde,” Band x11r.,
1854, pp. 523-T (thatis two years subsequently to the appear-
ance of my Paper in the ¢ Philosophieal Transactions,’ “ On the
Rhythmical Contractility of the veins of the Bat’s Wing”).
Herein, Dr. Schiff strangely misinterpreted the phenomenon
of the tonic constrictions of the main artery of the rabbit's ear,
whereby the blood, so far from being accelerated in its onward
course, is positively made to regurgitate from branches to
trunk, so that the artery becomes empty and the ear bloodless
and cold. Notwithstanding that the simply tonic character of
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the flow of blood in them is expedited, as in the case of the
rhythmically contractile veins of the bat’s wing !

§ 100, In a different form of blundering, Schiff’s dis-
covery ” is represented in the treatise on Physiology by
Professor Landois, of Greifswald, to be that the veins of the
bat's wing pulsate. Such a manifestation of illiteracy in his
own subject, and culpable neglect of the most ordinary
painstaking on the part of a German author, I never
expected to see. The book has been translated into English
by Professor Stirling, of Manchester, who makes the utter-
ances of the German Professor to stand out in such a
way as to be still more formally meaningless and contrary
to truth.

OF THE SYSTEMIC ARTERIOLES AND THEIR TRANSITION INTO
THE CORRESPONDING CAPILLARY NETWORK.

§ 101. In my Essay, “ On the State of the Blood and the
Blood-Vessels, &e.,” in ¢ Guy’s Hospital Reports ® for 1850, I
describe and delineate (Plate IV.) the systemic arterioles, as
observed in the frog’s web. The arterioles into which the
arteries gradually branch, terminate in the capillary network
—one extreme arferiole in a corresponding capillary—the
capillary being, perhaps at the moment, of wider calibre even
than the arteriole, if the latter be constricted by contraction
of its wall. The thickness of the wall of the arteriole
depends on its muscular coat, and when this is in a state of
contraction, the thickness is increased, while the calibre of
the wvessel is correspondingly constricted. In ‘Guy’s
Hospital Reports, for October, 1850, and the ¢ Philosophical
Transactions’ for 1852, T have deseribed small arteries in the
frog's web and bat’s wing as becoming constricted to such
a degree, owing to contraction of their muscular coat, that
their calibre is for the time closed, so that the stream of
blood is wholly interrupted. In this case we can sce tlie
thickening of the musenlar coat take place by the contraction
which it undergoes. This is obviously not an example of
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monary artery have much less strong muscular walls than
those of the systemic arteries, and are not observed in the
lung of a frog or salamander, viewed under the microscope,
to undergo much, if any, constriction of calibre, so that the
flow of blood in the capillary network of the lungs is not
found liable to any such interruption as that just mentioned
in the capillaries of the general system. Obstruction of the
cireulation in the capillaries of a frog’s lung, however, is seen
to oceur from stagnation of aggregated red corpuscles when
the due aération of the blood is prevented. Thus, as I long
ago showed (in the ‘British and Foreign Medical Review,’
1842), when a slight stream of carbonic acid gas was directed
on the Iung of a frog, displayed under a microscope, the flow
of blood was arrested in the vessels of the part acted on in
consequence of the aggregation and stagnation of the red
corpuseles, which became darker in tint and more flattened
in form.

§ 104. At a meeting of the Royal Medical and Chirurgical
Society a few years ago, it was contended by Dr. George
Johnson, the President, that in cholera collapse the arrest-
ment of the flow of blood in the capillaries of the lungs is
owing to constriction of the pulmonary arterioles to closure
of their calibre by contraction of their muscular walls. In
opposition to this excogitation, I observed, in a postseript to
my Paper in the ‘Lancet’ for July 18th, 1885, entitled :
“ Remarks on the Circulation of the Blood,” that the extreme
ramifications of the pulmonary artery have much less strong
muscular walls than the extreme ramifications of the aortic
system, and are not observed in the lung of a frog or sala-
mander under the microscope to undergo much, if any, con-
striction of calibre. Against this objection to his excogita-
tion, Dr. George Johnson protested in the ‘Lancet’ for
August 1st, 1885, but as he had evidently not studied by
direct observation the sequence and correlations of the
phenomena in Nature, I suggested to him in reply to devote
some prolonged attention to the microscopical examination
of the state of the blood and the blood-vessels in the lung
of a frog or water-newt before discussing the question further,
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Malpighi’s work, ¢ De Pulmonibus,’ there is an account, with
a figure of a microseopical examination, of the vessels of the
mesentery of the frog, but mo small vessels intermediate
between arteries and veins are represented similar to what he
delineated in the lung ; though it is generally supposed that
capillaries were there described. Malpighi's delineation of
the vessels of the frog’s mesentery is as true to nature in
showing no capillaries, as his delineation of the vessels of the
frog’s lung is in showing capillaries. 1 long ago insisted on
the fact that there are no capillary vessels in the mesentery
of the frog, the only vessels being arteries going to and veins
returning from the capillary system of the intestine, with here
and there arterioles opening directly into venous trunks.
These arterioles were seen, but mistaken by the late Professor
Theodore Schwann for capillaries with muscular walls.
Capillaries, he forgot, do not open into venous trunks, but
c;nly into venous radieles.

MECHANISM OF THE PropULSION OF LyMpPH FROM LYMPHATIC
HEeARTS InTO VEINS.

§ 107, The efferent vessel of a lymphatic heart is a short
duct, through which the lymph is propelled into a venous
trunk. Nothing like a vein arises from a lymphatic heart
as has been commonly supposed. The receptaculum chyli may
be compared to a lymph heart; the thoracie duct, though so
long, to the efferent vessel or duct of a lymph heart; and the
entrance of the thoracic duct into the subelavian vein to the
entrance of the duct of a lymph heart into its corresponding
venous trunk. It would, therefore, be not more absurd to
say that the subelavian vein arises from the receplaculum
chyli, than to say that the wenous trunk, situated on the
pelvie side of the large transverse process of the third vertebra
in the frog, and into which lymph is propelled from the
corresponding anterior lymph heart of that animal, actually
arises from the said anterior lymph heart.*

* Bee the diagram #nfra.
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the vein had had its origin from the heart, and consequently
that it could not be made to pulsate in the manner an arfery
is made to pulsate. Moreover, had Professor Miiller known
that it is a small duct only through which a lymphatic heart
propels lymph into a vein, he would still less have supposed
that pulsation of the vein could be caused by the propulsion
of lymph into it through such a narrow channel.

§ 110. It is thus seen, that in the tail of a small eel
displayed under a microscope, the caudal vein is nof endowed
with rhythmical contractility of its wall like the veins of the
bat’s wing, and that the rhythmical propulsion of lymph into
it from the rhythmically contracting caudal heart does not
cause pulsation of it. In the case of an anfterior lymph
heart of the frog, not only does no vein arise from it, but the
venous trunk into which its duet opens is not, as was
supposed by Miller, the jugular trunk which 1is seen
oscillating backwards and forwards as a whole in the
direction of its length; it is, on the contrary, a vein (of
which, indeed, the jugular is the trunk) situated, as above
mentioned, on the other side—the pelvic side—namely, of
the large transverse process of the third vertebra.* More-
over, the lymph propelled, as before mentioned, through the
small duct leading from the heart into this vein, does not
cause it to pulsate. Thus, I saw under microscopical
examination of the left anterior lymphatic heart, that the
lymph, on entering the vein from the duct at each systole,
caused no pulsatory distension of the vessel, but merely
pressed the stream of red blood gently aside, at the same
time sweeping it onward in front, though arresting its flow,
for the moment, behind. In this case the stream of lymph
from the lymphatic heart did not cut the stream of red blood
in the vein right across, in the manner the stream of blood
in the vein of the eel is cut across by the stream of lymph
propelled into it by the caudal heart, a difference of no
fundamental significance, but owing merely to the less
degree of force with which the lymph is propelled in the
former case, and to the difference in the mode of ramification

* Bee the diagram infra.
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120° Fahreneit, the animal is killed as regards sensation and
voluntary motion, without stoppage of the circulation. A
froz, having been thus treated and rendered so far dead, I
laid the thoraco-abdominal ecavity ecompletely open and
pushed the viscera to one side. On looking into the other
side—the left, for example—thus emptied of its contents,
and directing attention to the miche behind and below the
extremity of the large transverse process of the third vertebra,
the pulsations of the anterior lymphatic heart of the said
side were seen with the naked eye. By now removing the
skin of the back from over the scapular region, the posterior
part of the heart admitted of being examined under the
microscope by transmitted light, and the phenomena attend-
ing the propulsion of lymph from it into a vein at ifs
posterior border, observed.

§ 112. Here I would remark, in passing, that in laying
open the thoraco-abdominal cavity of the animal, care is to
taken not to wound the blood heart and great vessels; for
though the lymphatic hearts pulsate independently of the
presence of the blood heart, it is a necessary condition for
the continuance of the whole phenomena that the circulation
of the blood should be going on. In making my observations,
I found it more convenient to use a simple than a compound
microsecope. Viewing then the parts from the inside of the
thorax with a lens of half-an-inch focus, I observed that
when the lymphatic heart contracted, the lymph stream
propelled through its duct into the vein swept before it the
blood-column in this vessel. The lymph, thus propelled,
occupied the whole of that part of the vein into which the
heart opens, so that the vessel appeared for the moment
(uite colourless at the place. As soon, however, as diastole
of the lymphatic heart supervened, the flow of blood from
behind became re-established, and the lymph, tilling the vein
at the place, was, in its turn, driven onwards, and mingled
with the general stream. The vein, thus becoming refilled
with blood, now appeared red. Systole of the heart, however,
again ensuing, the Iymph stream propelled into the vein
swept onwards the blood in that vessel as before, whilst the






Propulsion of Lymph from Lymphatic Hearts. 65

vein towards it, and that when relaxation of the heart suc-
ceeds the contraction, elasticity of the surrounding structures
occasions the recoil,

§ 116. According to Professor Johannes Miiller,* the large
blackish venous trunk in the neck issues from the lymphatic
heart anteriorly. That this is not the case, dissection and
examination of the parts from the dorsal aspectf under the
simple microscope have satisfied me. I would, however,
remark that it is not by dissection, but only by observation,
under the microscope, of the direction of the streams in them,
that the anatomical relations of such vessels can be correctly
determined. .

§ 117. Professor Miiller says that the vein in question
becomes turgid each time that the lymphatic heart contracts
(‘ Physiology,” vol. i., p. 293). This could only be by injec-
tion of lymph into the vessel from the heart. But there
is no such turgidity produced by the injection of lymph
through the small duct of the heart into the vein as I have
above shown, and I cannot help thinking that Professor
Miiller mistook the dragging of the vein towards the heart
for turgidity of it. The late Dr. Marshall Hall mistook the
vein for an artery, and considered the movements of the vessel
as pulsations of it in that character.

* ¢On the existence of four distinct hearts having regular pulsations,
connected with the lymphatic system in certain amphibious animals,
¢ Philosophical Transactions’ for 1833, p. 92.

t After such dissections, I have found the lymphatic heart contain a
globule of air; which, no doubt, had been drawn in through an opening
made by cutting into the lymph spaces.
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elucidation of the “artificium admirabile” of the circulation in the
extreme vessels, and the mechanism of the propulsion of lymph from
lymphatic hearts into veins, Dedicated to the President and Members of
the General Medical Council.

It has lately been ordained by the General Council of Medical Education
that Logic be an optional subject for students about to commence the
study of Medicine. This iz a wise decision; but it is to be observed, that
without a knowledge of well-defined facts in Nature to serve as data, logic
would be worse than useless. The more exact logical reasoning is, indeed,
the more false is the conclusion if the premisses are not sound. The
General Council should, therefore, begin with the Professors, and exhort
them to teach their students facts, and the correlations thereof, in language
logically correct, Students would thus acquire a knowledge of logic
practically at the same time they were being instructed in the special
subject engaging their attention ; and their minds, instead of being unduly
taxed and strained, would thereby be positively strengthened, while their
labours would be rendered more ecagsy and agreeable. The desirability of
improvement on the part of Professors in a scientific knowledge of well-
made-out facts in Nature, and in a logical method of communicating them
to students, either in books or in demonstrations and lectures, is very
evident from the blundering exposed in this and my previous articles.
If the General Council of Medical Education will sift the so-called
“ advancing mass of biological knowledge ” with which the rising genera-
tion of teachers in our medical institutions is said to be grappling, they
will probably find that it comprises much chaff and little grain, and that
the too often meaningless, when not false, teachings obtruded by the said
biologists on their pupils must, indeed, prove an actual source of dis-
traction to the young men under any and all circumstances,

The study of the mechanism and action of the vesszels in the extreme
circulation of the blood, as observable in Nature, is so inaccurately prose-
cuted, that the science of physiclogy in its applications to Medicine, as
taught to students, is by no means in such a state of advancement in the
curriculum of the schools as it ought to be.

VI.—* Peroration to my Reminiscences of Fifty Years’ Strugcle, in the
footeteps of William Harvey, to search out crucial facts in promoting
physiological knowledge in its relation to Medical Science.’

Herein I protest against the incongruous teachings by which the minds
of students of Medicine are distracted, and to urge a plea for their better
instruction in a knowledge of fundamental facts. Such, for example, as
the observable mechanism and action of the vessels in the extreme circu-
lation of the blood, regarding which their Professors seem to be ignorant,
either from incapacity or wilfulness,
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