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EIGHT LETTERS OF JOSEPH (LORD) LISTER TO
WILLIAM SHARPEY.

By C. R. RUDOLF.

Tnese eight letters written by Joseph Lister to William Sharpey were
recently found by me in a second-hand bookshop in London.  The bookseller
was unable to say where he had obtained them. The first six letters submit
Lister's ideas for Sharpey’s eriticism before offering his views to the Royal
Society. These views, being approved by Sharpey, were embodied in various
physiological papers which became well known to the seientific world. They
led to Lister’s recognition as an aceurate and careful exponent of the processes
of inflammation which had long exercised the minds of such thoughtful
surgeons as Travers and Paget.

11 RuTrLAND GATE,
EpiNsuraH,
16th November /57.
My pEAr Dr. SHARPEY,

I have received my paper for revision prior to printing in the transactions,
and along with Mr. Stokes™ note was enclosed a report by Mr. Paget® on the
paper. Of this I enclose a copy in case vou may not have seen it ; and now
venture to trouble vou for yvour advice on some points in Mr. Paget’s sugges-
tions, seeing that you are the " communicator ™ to whom he refers as the
person through whom his suggestions should be conveved to me: not to
mention that vour past kindness throughout this business, would have
emboldened me to inflict myself upon you once more, even had you not
occupied the position referred to.

First 1 must say that I am much impressed with Mr. Paget's care and
candour in the matter, and, considering the position he occupies with regard
to the subject, I think his remarks exceedingly handsome, and am much
gratified by them. Mr. Goodsir® also mentioned to me his having read the
paper and endorsed it with his recommendation for publication, and he too
spoke in terms, I fear, considerably flattering regarding the production. I
will now speak of each of Mr. Paget’s suggestions and allude at the same time
to Mr. Goodsir’s remarks on the same points.

First as to omitting the account of the theories of previous writers.
Mr. Goodsir also said, before he knew of Mr. Paget’s report, that he thought
the paper would be more classical without the historical sketeh: although
at the same time he said he thought it ** excellent ', supposing it necessary.
But he did not think any such thing was required for a paper for the limal

Society. I am quite wﬂlmg on these grounds that this part should be
&
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omitted, although, for the sake of the general reader, 1 should have preferred
its being retained. I shall be guided entirely by you on the point. When
writing this I do not know how much discretion is left to me. Mr. Stokes
says “ you will probably see reason to adopt ™ his (Mr. Paget’s) *“ suggestions ™

As to the second part which Mr. Paget recommends me to blot out, viz.,
the diseussion of vital aflinities, ete.. in the second section, Mr. Goodsir does
not appear quite to agree with Mr. Paget. The former observed, ** that is
the opinion of a London man . Now, unless you have seen the paper you
could hardly form a judgment without my writing at greater length than
would be expedient : but I would ask vou if there would be any objection
to my T!."t"i.lnlng the mention of the observation of the absolute stillness of
the blood in the capillaries and veins between the pulses in small frogs under
the influence of chloroform. The fact that this state of things may continue
for an unlimifed time without any accumulation of corpuscles oeeurring in
the vessels appears to me important, as the heart, though exceedingly weak,
is then obviously the only cause of the movement of the blood. I would very
much curtail my remarks on the bearings of the observation. It is not only
in Edinburgh that persons think the vital affinities a cause of the blood’s
movement : witness Dr. Carpenter :* and here the opinion is rampant that [the]
said affinities are the chief cause ? As to the discussion on the mode in which
the constituents of the liquor sanguinis required by the various tissues for
the purpose of nutrition find their way out of the capillaries, this I confess
is very hypothetical and I am quite willing to expunge it. But it is not long,
and, if there be no objection, it might be printed. and then if vou thought well
I would strike it out of the proof. ;

With regard to the expression about ** paralysing ™ the concentrating and
diffusing forces of the pigment cells, I feel seriously at a loss to know how to
find a different mode of conveying my meaning. The facts are simply these.
In the state of health the pigment cells exhibit the functions of concentration
and diffusion of the granular portion of their contents under obedience to
nervous influence. Also when a healthy limb is amputated concentration of
the pigment (if previously diffused) takes place to the full degree and the
pigment remains concentrated for some hours, after which a certain amount
of diffusion again occurs, but if certain agents be applied to a portion of the
web the pigment in that part ceases to manifest these functions. Not only
is this the case when the limb is in connection with the body, but also when
severed from vascular and nervous econneetion with the trunk. If the agent
be applied to part of a dark limb just amputated the post mortem concentra-
tion does not oecur in that part and again if the agent be applied when post
mortem concentration is at the full, the subsequent diffusion does not take
place in the spot operated on. In short, these functions of the pigment cells
not only cease to vary in obedience to nervous influence, but also fail to
exhibit the changes that ensue sooner or later after blood has ceased to
circulate through the part: of which the post mortem concentration seems
comparable to the post mortem rigidity of muscles. Now since I began to
write this sentence I have been troubled with a difficulty that never occurred
to me before, and which, I dare say, may be what Mr. Paget feels: and
reflection upon this has detained this epistle two days. When speaking of
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** paralysis of the concentrating and diffusing powers **, I convey the meaning
that these powers not only cease to vary but cease to operate at all. Now I
admit that this is by no means * proved ™ in my paper as it stands. There
15 gnnd reason, I there state, to believe that the conecentrat ing and diffusing
forces are both in constant antagonistic operation, both being equally balanced
except when either diffusion or concentration is occurring. Now all that I
have shewn is that in the irritated part neither diffusion nor concentration
occurs, and it may therefore be fairly argued that this does not prove more
than that those forces cease to vary in relative amount under nervous influence,
an effect which might result from paralysis of the extremities of the nerves,
while the forees in the cells remained unaffected. But the consideration of
all the facts with which we are acquainted regarding these pigment cells,
including some which I have observed since the paper was written, seem to
me to prove that the eells are affected independently of the nerves, and that
this affection is one of paralysis. Now I am truly sorry to inflict this
rigmarole upon you, but do not see how I can help it; as I do not wish to
run counter to Mr. Paget’s opinion, and yvet should be very sorry to give up
the use of the term ** paralysis " unless obliged to do so. You will remember
that the German observers Briicke,® Wittich,® and Harless,? found that in the
tree frog and the esculent frog concentration of the pigment resulted from
the stimulus of light, from psychical excitement, from stimulation of the
spinal cord, from stimulation of a branch of nerves leading to a particular
portion of skin and from other stimuli. These observations tended to shew
that concentration was the condition induced under the influence of stimuli
applied through the nervous system, and that diffusion was the state with
which the cells passed when left undisturbed by such stimuli. I have made
similar observations on the frog of this country, which, however, is not nearly
so sensitive to local stimulation, and I have also added the following fact
lately. If I eut through all soft parts of the middle of the thigh except the
artery, vein and nerve, the circulation goes on as usual and the leg retains the
same colour as the rest of the body. But if I now eut through the nerve,
the legs immediately become darker (if previously pale) and in a few hours
the legs become black from full diffusion of the pigment, while the rest of the
body may remain pale yellow. This very curious result is not constant,
apparently in consequence of its being impossible to divide all the nervous
filaments leading from the trunk to the limb, as proved by the fact that the
arteries after a longer or shorter time regain their power of contraction, which
is lost permanently if the brain and cord is removed. I have however induced
this strange contrast of colour in three cases in which I performed the above
operation. This experiment confirms the view that diffusion is the condition
which oceurs when nervous influence is removed.

An experiment by Wittich on the tree frog must be mentioned as i111:|5~
trative of the same principle. He found that oil of turpentine when applied
to a moderately dark tree frog caused the spot to which it was applied to grow
pale, but after the oil had been removed the part not only returned to its
former eolour but became darker than other parts: the secondary diffusion
of the pigment appearing comparable to the secondary dilatation of arteries
after contraction from stimulation. So strongly did these facts impress the
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German authorities that they considered them proof positive that concentra-
tion was the result of contraction of a cell and diffusion a relaxation of such
contractile cell.  Now I have shewn as you know, that this view is incorrect,
as the cells do not change in form or size, but the pigment granules undergo
changes of place in the fluid contents of the cells. And I have in the last
few weeks made further observations on these curious processes, which shew
that thev are more complex than I had supposed. I have observed a cell
in which slight diffusion was going on, and saw that the granules were moving
in a very complex manner: one granule would be moving from the central
dark mass of pigment while another was passing towards it. Sometimes a
number of granules would start off tugctht’r ; then stop and some of them
return, ete., ete. Shewing that diffusion is the aggregate result of a compli-
cated set of movements of granules some towards., others from the centre.
Sometimes one saw a single granule start off from the central mass and return
to it after a circuitous course, as shewn in the diagram [omitted |, where (a) is
the central black mass of concentrated pigment, and the dotted line represents
the course of a granule. Such movements reminded me of what one sees
sometimes within the cells of vegetables.

This deseription of the movements of the granules vou will say is a digres-
sion from the argument, and so it is, but I wish to mention it to vou, in order
to let vou know that I have made some further progress. But, however
complex the action of concentration and diffusion be, there nevertheless
remain the facts shewing that concentration is what oceurs in the cells when
stimulated through the medium of the nerves, and diffusion is that which
takes place when the influence of the nerves is withdrawn. Hence it appears
to me clear that, as an agent which induces inflammation causes the pigment
cells to remain in the state in which it found them (say that of medium
diffusion) however much they may vary in other parts, this effect is some-
thing more than paralysis of the extremities of the nerves could ecause.
Paralysis of the extremities of the nerves would [nayv], must lead to diffusion
unless the cells themselves were affected. Then I think we need have no
doubt whatever that the cells, independently of the extremities of the nerves,
are affected in such a way that they no longer act as usual in obedience to
stimuli, in other words that the cells have the functions of concentration and
diffusion paralysed.

What I should like myself, therefore, would be to retain the expression
* paralysis of concentration and diffusion ™, but to avoid the use of the
expression paralysis of the concentrating and diffusing forces, or of the
attractive and repulsive forces, as that implies what is incorrect regarding
the physiology of concentration and diffusion, by giving the idea that during
concentration the granules are all being attracted at once towards the centre,
and vice versa.

One more point and one only: wviz., regarding the publication of my
supplement on the influence of the nerves on the arteries.

Mr. Goodsir has shown me a reference to Pfliger's® experiments on the
large esculent frog., in which he found that division of the anterior roots of
the spinal nerves causes velaxation of the vessels and stimulation of the same
roots with galvanism eauses the arteries to contract,
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These are, T suppose, the experiments to which you had intended to
refer me, but which I failed to find the account of. Had I been aware of
them I dare say my experiments on this subject would never have been made ;
so that here, as in several other matters in this investigation. I have found
myself anticipated. Yet at the same time I cannot but think some of my
experiments deserving of publication, and it appears Mr. Paget thinks the
same, but wishes me to make my results more precise. Now Mr. Goodsir
agrees with me that experiments of the kind to which Mr. Paget alludes, viz.,
division of one half of the cord would be almost, if not altogether imprac-
ticable in the frog of this country. But I was aware of the possibility of
making further observations regarding the seat of the nervous centre and
have accordingly lately made some. In my paper I gave proof that a part
of the cord as far forward as midway between the head and the caudal
extremity does act as [a] nervous centre for the arteries after removal of the
posterior half of the cord. What I felt might be further determined, but what
I had not time to inquire into before the paper was read, was whether the
posterior end in [the] tip of the cord is able to act as [a] nervous centre for the
arteries after removal of the brain and the rest of the cord. Now this point
I have since settled in the aftirmative ; I have found that after removal of
the brain and all the cord except the posterior fenth part (in length) the
arteries after a while recover their contractile and varyving power. Now this
seems to me of importance, as it proves that the portion of the cord which
Waller? and Budge' found to be the * ciliary ” centre, etc.. ete., the nervous
centre for the dilatation of the pupil, and which theyv also described as the
centre for the contraction of the arteries of the face, is not the only part of
the cord which has this office, at least for the lower limb. Thus this experi-
ment along with my former ones proves that the posterior half of the cord
contains throughout its length parts which act as nervous centres for the
arteries of the feet. And other experiments render it probable that the same
function is possessed by a part somewhat further forward. Now I believe
this is about as much as can be made out on this point from the frog. 1 have
also several times verified lately an observation I had made before viz., that
after removal of brain and cord the arteries remain permanently relaxed,
while on the other hand the experiment I related in speaking of the pigment,
viz., dividing all the soft parts visible in the thigh except the artery and
vein, after which recovery of contractile power on the part of the arteries
oceurs if the cord is entire, shews very strikingly how very slender a nervous
communication between the cord and the arteries sullices to enable the
former to influence the latter.

Now I believe I am not likely ever to carry this investigation much
further, nor do I believe much good could be g,nncr;{ by so doing, I mean
in the frog of this country, and Mr. Goodsir thinks that it would be well
for the results I have got to be published to avoid the chance of being
anticipated. If, therefore, you approve, I would rewrite this supplement
on the influence of the nerves on the arteries, introdueing my additional
matter, and somewhat curtailing the old experiments perhaps. But I do
not think it would be necessary to alter it so much as to require it to be
published as a separate paper at a later period. It might simply be stated
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that some new matter had been introduced with this part, the new parts
being specified.

I find that there is yet one point Mr. Paget suggests that the supplement
in the anatomy and physiology of the pigmentary system should be published
as a separate paper before the essay on inflammation. My chief objection
to this is that the chief illustration, i.e., figure of the pigmentary affair illus-
trates also a part of the * essav on inflammation . Also the last seetion
of the paper is written as if the pigment subject was to be treated of in a
supplement and I should prefer its remaining as such, if it might be so. This,
however, is of small moment.

When must the paper be ready for printing? I am intending to be in
London at Christmas for a week, and if that time would not be too late, I
should very much like to consult with you personally as to the best way of
getting the ‘illustrations drawn. 1 should think that for the pigment cells,
which require much delicacy of execution, Tuffer West!! would be as good a
man as could be found.

My father seems to think that some of the sketches on inflaimmation
almost require the same kind of simple colouring that W. Jones™*® plates in
the bats wing in the Philosophical Transactions have. Certainly the plates
would tell their tale much better, and the colouring would be only a very
simple matter, viz., red for congested capillaries, pale red for arteries and
arterial capillaries, and pale purplish for veins.

I am really exceedingly ashamed of this letter. 1 only hope you will
not quite give me up as a bore.

Agnes unites in kind regards to Miss. Colville’® and yourself with

Yours very truly,
Josern LisTER.
W. Suareey, Esqr., M.D., F.R.S,, ete.

11, RuTLAXD STREET,
EpINBURGH.
28. Nov: /57.
My peEar Dr. SHARPEY,

You will be wondering what has come over me that I have not long sinee
thanked you for and replied to your most kind and to me highly satisfactory
letter. Nothing indeed could have been more welcome to me. The reason
of my delay in answering it has been the pressure of my present engagements,
which have hardly left me any available leisure, except at times when the
mind was too much fagged for work of such importance. To proceed, then
to business. 1 mean to act on your suggestions from first to last. The
section ** on the state of the tissues in inflammation  will, I believe, be very
much improved by remodelling it on the plan you have suggested, viz:
speaking first of the facts actually seen in the pigment cells, viz : the ** arrest-
ment ' of concentration and diffusion and then discussing the question of the
*“ paralysis . That such ** paralysis ”* really is present can, I think, hardly
be doubted when the nature of the various agents which agree in causing
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the * arrestment ” is considered : for, while they differ among themselves
exceedingly widely, they all have the common property of tending to destroy
a part of the living body if maintained long enough in action upon it. It
so happens, also, that the pigmentary tissue is a very delicate one, and is
very apt to experience permanent injury without concomitant sloughing of
the rest of the web. Thus if mustard be long enough applied. I find that the
pigment cells begin to lose their sharpness of definition and appear to become
disorganised. Similar effects on the pigment may also be seen in parts where
mechanieal violence has operated severely ; and after some days the pigment
in such parts becomes absorbed. and when once so removed is never replaced.
There is one point on which you began to speak to me one evening at Millbank,
but the conversation was in some way interrupted : viz. the change the blood
experiences in the irritated part when its corpuseles become adhesive. You
objected to my making use of such an expression as implied that the tissues
in a state of health exercise an active influence over the blood in their vicinity,
keeping the corpuscles from becoming adhesive. You said I might as well
say that, because a man who was in good health when in a snug room grew
rheumatic if exposed to the outside air or if holes were made in the walls,
therefore the walls of the room exercised an active influence for good upon the
man. I have often thought of that criticism and admit its applicability.
But, at the same time. I must contend for activity somewhere, either in the
blood or the tissues; just as the man in the room is active though the walls
are passive, so, if the tissues are merely negative in their operation in health,
the blood must have a positively active power. The facts seem to be these.
In blood withdrawn from the body, the corpuscles, both red and white, are
more or less adhesive ; but within the vessels of a perfectly healthy part are
quite free from adhesiveness. In the vessels of a part which has been acted
on by some deleterious agent, (but short of actual disorganization or chemical
decomposition) the corpuscles shew the same adhesiveness as when the blood
15 removed from the body. But this is not all. If the agent have acted so
as to produce only a temporary effect on the tissues (as e.g. a powerful gal-
vanie shock, which only temporarily * arrests ” the ch-mrtrf» of distribution
of the pigment mnicoulm] then as the tissues recover the blood also regains
its natural healthy characters : the corpuscles previously viseid and closely
packed, become non-adhesive again and are driven out of the vessels in which
they had accumulated. Now I say this recoveryy on the part of the blood
implies something active somewhere. We may either suppose that the healthy
tissues exert a purely negative influence on the blood, which consequently
does not suffer as it does when in contact with glass or any other dead matter,
which must in such ease be supposed to exert a disturbing influence leading
to changes in molecular arrangement probably, an influence which would
seem, very likely, synonymous with the * attraction of aggregation ™ which
leads to crystalization, ete., ete.—or else we must suppose that glass, ete.,
has a negative influence and the healthy tissues an active one upon the blood.
(I fear I am writing obscurely.) But supposing the former hypothesis be
correct, and that blood in a healthy part has its corpusecles free from adhesive-
ness because not subjected to the action of disturbing forces such as are exerted
on it by glass, sweet oil, atmospheric air, or paralysed tissues; then. I say,
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the fact that, as soon as the paralysed tissues recover, the corpusecles return
to their original state of non-adhesiveness implies that the blood has an
independent power of recovery from its injured condition, (compare the case
of the rheumatic man) so soon as the tissues cease to exert the said disturbing
influence common to dead matter, and resume their healthy negative con-
dition. Now at first this seemed to me very unlikely : wviz. that rlass, sweet
oil, the atmosphere, and paralysed tissues should be the active agents (for
evil) and that the healthy tissucs should be merely negative in their operation
on the blood, but I have been inclined to look more favourably upon this
view from considering the phenomena of coagulation of the blood. I think
it quite needless to allude to the simple facts which, to my mind, prove clearly
that no chemical theory vet given accounts for the coagulation of the blood :
for T believe you are quite satisfied of the insufficiency of these theories. In
some way or other the healthy tissues (which may remain healthy as fissues
for some time after death) do not make the blood undergo the changes which
lead to coagulation which ordinary dead matter (such as glass, air, ete., ete.)
and inflamed tissues (paralysed more or less) do induce these changes in the
blood. The principle I am stating is well illustrated by the speedy coagula-
tion of the blood at rest in an aneurismal sac, in contact not with healthy
tissues but with mere coagulated fibrine or inflamed tissue. The contrast
presented by such a case with the length of time that blood. will remain
uncoagulated after extravasation among healthy tissues is very striking.
Again the same thing is seen perhaps even more remarkably exemplified by
the fibrinous masses that accumulate about caleareous atheromatous spicula
projecting into the aorta or other large vessels, when the * dead " matter
determines coagulation of fibrine notwithstanding the rapid movement of the
blood (though to be sure only on the lee side of the projecting mass, when
the blood is, I suppose, more or less quiescent). Now. such cases as these
look to me very much as if the ** dead ™ matter with its ordinary ** attraction
of aggregation ” was the active agent, the healthy tissues having a merely
negative influence on the blood. Also the bulk of the masses of blood which
may remain long free from coagulation after death (e.g., that in the auricles
of the heart) but which coagulate so soon as exposed to the influence of the
external world, seems to me inconsistent with the idea of the tissues exerting
an active influence on the mass of blood, and so preventing coagulation. Now,
if the influence of the tissues is purely negative as regards prevention of
coagulation, this is a strong argument in favour of their being also negative
as regards prevention of adhesiveness of corpuscles. Hence I mean to avoid
the expression to which vou objected.

I am glad to learn that you have verified the observation of the inter-
mitting flow in the tadpole’s gills. 1 alluded to Spallanzani’s'* observation in
a note to my paper [p. 221], but did not lay very great stress upon it until I
should be able to learn whether there is any recoil observed between the pulses.
Can vou inform me on this peint ? In the case of the young frog under chloro-
form there is certainly no recoil, only absolute quiescence, between the pulses.
The case of the tadpole’s gill seemed to me to differ from the adult frog’s web
in this respect that, as I suppose, there is only one auricle in the young tadpaole
as in the fish, or at least the right auricle is not brought into action for the
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gills, and therefore the ventricle has to overcome the resistance of two sets
of capillaries, the branchial and systemic, when driving the blood into the
~aorta. Now, it seemed to me that the resiliency of the elastic aorta bevond
the gills might give rise to a recoil in the branchial capillaries, in which case
the observation: though it would shew abundantly the '»upermntv of the
force of the heart to any other forces that might be conceived in operation,
would not prove that no such forces did exist as causes of movement. With
regard to the adult frog with weakened heart 1 have some doubt whether
sufficient care has been taken to discriminate between the interruptions of
flow due purely to weakness of that organ and such interruptions due partly
to an unhealthy state of the blood with somewhat adhesive corpuscles. For
I know that, unless attention has been specially directed to the matter, a
very decidedly abnormal state of the circulation as regards the excess of
slowly moving corpuscles may pass unnoticed.

One point I would ask your advice about is how the section “ on the
influence of the nerves upon the arteries  had better appear: whether as a
supplement, as it now is, or as a separate paper. Mr. Paget savs it should
appear *if at all, as a separate paper 7, and Mr. Goodsir seems to think it
forms such a distinet subject that it might be well to have it separate. In
this matter I will be guided entirely by vou. This only 1 would say, that if
it be a separate paper it should appear, like that in the * pigment business
and in the same volume of the transactions, and, if possible, immediately
before the others. or intermediate between them. I feel, for my own part,
very indifferent about this, though I quite agree now that the pigmentary
supplement will be better as a separate paper.

And now to reply to vour question as to what things cause concentration
and what diffusion of the pigment. First 1 would observe that there is this
marked difference between the occurrence of concentration and diffusion under
the influence of local applientinns. viz., that concentration occurs not u|1|:.;
in the spot acted on, but in a greater or less area round about : in this respect
concentration agrees with the contraction of arteries which oceurs round about
a part irritated. and both are obviously refler phenomena, effected through
the medium of the nervous system. Diffusion on the other hand occurs, as
induced by a loeal application, only in the precise spot on which the irritant
acts. e.g., beneath a little piece of mustard put on part of the web, but not
at all beyond the limits of the mustard. Hence this diffusion is eclearly due
in some way to direct action of the irritant upon the part of the web on which
it lies, and is not a reflex phenomenon. To this statement you will say I
mentioned a contradictory fact in my last letter, viz., the -k:'wndr.-rq diffusion
that Wittich observed after applying oil of turpentine to a moderately dark
frog. This secondary diffusion is doubtless a reflex phenomenon, and is com-
pﬂrﬁhlc to the secondary relaxation of arteries that occeurs round about an
irritated part. But I have never witnessed this secondary diffusion and
possibly never shall in our frog, whose skin is far less sensitive to direct irrita-
tion than is that of the tree frog on which Wittich operated. Thus, oil of
turpentine produces no primary concentration when applied to our frog, and
its only effect on the pigment is to produce * arrestment ” of concentration
and diffusion. So little sensitive, indeed. is our frog to direct stimulation,
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that the only cases in which I have observed concentration to oceur from
such loeal irritation are, 1st in an area round about a part pinched. 2nd
beside the edges of a freshly eut wound, 3rd partial concentration has oceurred
in one leg in consequence of irritation of the roots of its nerves. The general
rule respecting the n]:u:-ratmn of local irritants is that they deprive the part
of the power of varying the distribution of the ]Jlgmr:nt leaves it just as it was,
whether fully concentrated, fully diffused, or in an intermediate state. To
this general rule I have hitherto met with only three exceptions, viz., mustard,
croton oil, and cantharides, which before they produce arrestment, produce a
variable degree of diffusion in the spot on which they act. The effect is not
always seen, and will be best seen when the agent acts least rapidly. Thus
croton oil and ecantharides act extremely slowly (not for one or two hours) and
vou will I believe always see some diffusion with them. But with mustard
it is quite a matter of uncertainty, and if vou use essential oil of mustard vou
are sure not to see any diffusion. * Arrestment © (paralysis) then takes
place at once. But whether any diffusion oecur|s| or not with mustard the
ultimate effect (by the time stagnation occurs) is arrestment both of concentra-
tion and diffusion. As to the explanation of this variable degree of diffusion
produced in the first instance by mustard, I am inclined to attribute it to
paralysis of the extremities of the nerves occurring before the eells are fully
paralysed, and so permitting a certain amount of diffusion to oceur as always
appears to do in health when the nervous influence is removed. That the
extremities of the nerves are paralysed by the action of mustard is proved
by the fact that if I put a bit of mustard on my own finger for an hour or two
the spot loses its power of sensation.

By the way can vou tell me if recent discovery has thrown any light
on rigor mortis? Does it appear that the extremities of the nerves are
concerned in its production? 1 am anxious te know this, in order to
comprehend if possible, the remarkable post mortem concentration of the
pigment.

Do vou approve of the terms concentration and diffusion ¥ They seem to
me better than some others that might be used, because they imply not
merely that the molecules are aggregated or dispersed, but also that they are
collected with the centre of its cell or dispersed throughout the ramifying
branches.

Many thanks as regard the colouring of the plates. 1 little intended so
long a scrawl. Please forgive it if possible, and believe me, with kind regards
to Miss Colville,

Yours very truly,
Josern LisTER.

Many thanks for your kind proposal that I should make your house my
town quarters at Christmas. Agnes desires me to unite her kind remem-
brances with mine. J.-Lic
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11, RuTr.Aaxnp STrEET,
EpinpurcH,
8rd Dec. /57.
My pEar Dr. SHARPEY,

Among other things contained in the lengthy production which I last
sent you was a request for information regarding the causes of rigor mortis.
I now write to beg vou not to trouble yourself to write on that point, as
I have this morning obtained the information from Meissner's Bericht.

I also want to mention to vou another set of observations I have made,
which, though wvery simple, seem to me valuable with reference to the
* paralysis " questions ; which is, you know, a very important one as regards
the essential nature of inflammation. It occurs to me that the cilin of the
frog’s mouth must perhaps be affected by agents which produce the * arrest-
ment "' of the pigmentary changes. I remembered your experiments with
cilia, and recollected that your results were chiefly of a negative character,
but then you had employed morphia and some other narcotics which, when
applied to the web, do not cause inflammatory changes. 1 turnfed] to vour
article in Todd’s Cyclopaedia, and found my recollections were in the main
correct. I therefore proceeded to try the following experiment. Having ecut
off a small portion of the margin of a frog’s tongue and placed it on a plate
of glass under the microscope with just enough water around it to allow the
cilia fluid to play in, I brought a piece of lint dipped in ehloroform within
about an inch of the object, so that the vapour might play upon it, while my
eve was kept over the microscope.  Almost immediately the cilia grew languid
in their action and many stopped, reminding me of the speedyv arrest of the
flow of blood which occurs in the web when a drop of chloroform is applied
to it. 1 then at once removed the lint, and soon the cilia resumed their
action. I repeated this experiment several times. Then 1 tried strong hquor
ammonizx, proceeding in the very same way., having previously found that
the pungent vapour playing for a short time on the web causes temporary
arrestment of the pigmentary changes. The result was just the same, viz.,
almost immediate cessation of ciliary action, but recovery, complete recovery,
after removal of the ammonia. I got similar results, but taking a longer
time to develope themselves, by placing a piece of moistened mustard on the
plate near the bit of tongue but not in the same water. I had previously
ascertained that the pungent vapour of mustard will cause the pigmentary
“ arrestment ', and that such arrestment may be only temporary. 1 also
tried strong acetic acid, which readily induces inflammation of the web,
operating as with the chloroform, so that its vapour might act on the bit of
tongue. I only made one experiment with that agent, and it happened that
the cilia were permanently arrested, I have no doubt because 1 applied the
acid rather incautiously. For I must mention that the only difliculty in the
experiment consists in applving the agents so delicately as only to cause
temporary arrestment of the ciliary motion. There is no difficulty in making
the cilia stop, but they will not recover their function unless you proceed
very cautiously. I also found that the actual cautery brought near enough
and not too near to the bit of tongue made the ciliary action languid without
absolutely arresting it. The only one of your results which appeared at
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variance with what I should have expected was that of the ciliary action
going on in water impregnated with carbonic acid, for I had found that
*“ aerated water 7 which I am assured contains nothing but carbonic aeid,
causes arrestment of the pigmentary changes. But then it oceurred to me
that very probably the carbonic acid might arrest the ciliary action also if
long enough applied, just as the pigmentary arrestment and development of
inflammatory stagnation of the blood require a considerable time of the
action of the carbonic acid. And so it turns out. I put four bits of mueous
membrane from different parts of the mouth and cesophagus of a frog in a
rlass of cold water. and four corresponding bits in a bottle of aerated water,
and left both for about two hours. At the end of that time I found eciliary
action in every specimen from the plain water, and not a trace of such action
in any of those from the aerated water. although the cilia were distinet
enough. There was, however, a great disposition to desquamation of the
epithelium eells in the latter (from the carbonic acid water). I have since
repeated this experiment on another frog with the same result. So far then,
as I have tried, any agent that causes pigmentary arrestment when applied
to the web causes also ciliary arrestment, and that not destruction of tissue,
but suspension of function. Now there can, I conceive, be no doubt that
the cilia, or the cells which bear them, are truly paralysed in these experi-
ments, i.e., unable for the time being to act, and it is also perfectly clear that
the effect is independent of nervous or any other influence from the rest of the
body of the ereature, for, as everyone knows, and as I saw abundantly in
these experiments, the cilia continued to act after cells have been separated
from the mucous membrane, unless vou act upon them with one of these
deleterious agents. The effect then is clearly a direct effect of the irritant
on this form of extra vaseular tissue. Do you not think that these simple
experiments very much serve as experimenta crucis as regards the nature of
the arrestment which irritants produce on the tissues, viz., that they paralyse.
You see they do not in any way clash with yours, but it so happens that my
former observations led me to try a set of agents which you had not employed.
I see vou found aether arrest the ciliary action ; and I do not doubt it would
excite inflammation if applied to the web. Hoping yvou will excuse me for
thus trespassing again on your attention, I remain, with kind regards to Miss
Colville, in which Agnes!® unites,
Yours very truly,
JosEPH LISTER.
W. Snarrey, Esqr.,, M.D., F.R.S., etc., ete.

11, RuTLaXD STREET,
EpiNBURGH,
28th June /58.
My peEar Dir. SHARPEY,
I heard the other day from Mr. Stokes to whom you forwarded my last
to you, and his reply was in all respects quite satisfactory. Many thanks to
you for procuring me the information it contained.

P
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And now I must needs trouble yvou with another question : viz., whether
a paper written now could have its abstract appear in the next number of
the * Proceedings . I remember noticing in the number which contained
the abstract of my inflammation paper that abstracts were given of some
papers received after the Roval Society had ceased to meet for the season,
some indeed as late as August.

I have been lately making some experiments in the so-called ** hemmungs
nervous svstem ', a subject in which I have felt much interest from its con-
nection with the origin of inflammation through the medium of the nervous
system, as when the lungs inflame through long continued coldness of the
surface of the chest. Some of myv experiments with tepid water on the frog’s
foot had shewn that in the case of the arferies. relaxation of the muscular
fibres in consequence of the application of an irritant to the skin is the result
of the nervous centre (the spinal cord or those parts of it which preside over
the arterial contractions) being thrown into a state of inaction. The very
same stimulus whose mild action led to action of the nervous centre (with
consequent contraction of the vessels) produced inaction of the same nervous.
centre when applied in a more intense degree. This was proved by the fact
that the dilatation which occurs after contraction as the results of the applica-
tion of tepid water of pretty low temperature gives place to contraction on
re-application of water of the same temperature. Now—if the secondary
dilatation was the result of any action of the nervous apparatus in consequence
of the stimulus that dilatation would have been increased, instead ol giving
place to contraction, in repetition of the same stimulus. It is therefore clear
that this secondary dilatation is the result of inaction of the nervous apparatus
concerned. But it is quite impossible to draw the line between the dilatation
which suceceeds to contraction in consequence of a mild irritant, and that
dilatation which occurs immediately, or, if vou choose to assume it, after a
*momentary contraction,” after a stronger irritant. or the same irritant more
strongly applied. Hence these experiments with tepid water lead to the
remarkable conclusion that—given an afferent nerve, a nervous centre, and a.
motor nerve presiding over the contraction of unstriped museular fibres—
a very mild stimulus applied to the afferent nerve may (e.g., in the case
of the arteries) lead to action of the nervous centre followed by muscular
contraction, but a somewhat stronger stimulus applied to the afferent nerve
may eause inaction of the nervous centre, and consequent muscular relaxation.

Having got this analogy to proceed upon I could hardly doubt that the
same thing oceurred in the so-called ** hemmung system 7, viz., that if a mild
Enﬂugh stimulus were ﬂppiicd to the nerves. the contractions of the intestines
and action of the heart would be increased instead of arrested. In order to
put my ideas to the proof of experiment, I employed a coil battery, acting
so feebly as to be only just appreciable to the tongue placed between its
poles, and I have found the result such as I anticipated.

1st, as regard the intestines. 1 found the best mode of proceeding was.
to remove the skin and two layers of muscles from the abdomen of a rabbit,
leaving the peritoneum and one layer of muscles, which are quite transparent
enough to enable you to see any movements of the intestines, without the
complication that the action of the air upon them involves. I found that



14 THE BRITISH JOURNAL OF SURGERY

when a coil battery with its poles attached to the 6th and 12th dorsal spinous
processes was put in action in the excessively mild manner I have mentioned,
the writhing movement of the intestines became invariably greatly aggravated
as long as the galvanic currents were acting on the cord, but as soon as the
circuit was broken the former condition returned. But I also found that if
the rods of soft wire were put into the helix, the ** hemmung ** action came
into play and the intestines became relaxed and motionless : vet the action
of the battery was very feeble, not even unpleasant to the tongue, when the
rods were in. I also found that mechanical irritation of the spinal cord with
a fine needle in the * dorsal region  (the same kind of irritation which I had
alwavs seen followed by contraction of the frog’s arteries) produced increased
contractions of the intestines. This I find from a paper to which Mr. Goodsir
has referred me in Henle and Pfeufer's Zeitschrift for last vear, has been
observed also by a German, Spiegelberg!® of Gottingen ; and his observations
are particularly satisfactory as they were only incidental to the subject of
his enquiry, viz., the movements of the uterus, and made before he heard of
Pfliiger’s ** hemmung * experiment.

1 have also found, and this is so far as I know a new observation, that
the increased peristaltic action which comes on after death in consequence
of the cessation of eireulation, stops when the **hemmung™ action of the
battery is set on. If you wait many minutes after death you will not see
this, as the spinal cord soon loses its vital powers. But an experiment of the
same kind may be repeated almost as often as you please in the following
way. Tie with a fine needle and thread two or three principal arteries in the
mesentery leading to about four inches of the intestine of a rabbit (the
intestine lying upon a plate covered with fresh olive oil) and very speedily
the movements, analogous to the post mortem movements, oceur in this part
and nowhere else. Then set on the strong action of the battery, whose poles
have been previously attached to the spinous processes, and immediately the
movement ceases. This experiment may be several times repeated. Of
course it is necessary to tie the little arteries very delicately so as to avoid
as much as possible the little nervous filaments. This experiment is of double
significance ; first it proves very clearly that the increased peristaltic action
that ensues on death is due simply to arrest of circulation in the part, for
the * hemmung,” on action of the battery, proves that the nerves have not
been injured and therefore that the increased peristaltic action was not the
result of injury of the nerves. 2nd. it proves that the arrest of the circula-
tion does not necessarily produce peristaltic action, but that this post mortem
peristaltic action, like that which oceurs during life, requires that the nervous
apparatus in the intestines should be in working order. 1 say the nervous
apparatus in the intestine, for it is of course well known that the post mortem
peristaltic action goes on after the mesentery has been cut off close to the
gut. The existence of such a nervous apparatus distinct from the contrac-
tilil:}' of the muscular fibres is quite evident from the observation of Pfliiger,
which I have confirmed, that during the * hemmung® which results from
powerful galvanie action through the cord, the intestines contract af any part
irritated, though the movement does not extend to other parts ; the muscular
contractility is unaffected although the co-ordinating apparatus is thrown
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out of action. I have added further proof of the distinetness of these two
functions, muscular contractility and eco-ordination of movement, in the
observation that the faculty of contracting locally on irritation remains in
the intestines of a dead animal for some time after the power of peristaltic
action has ceased : the nervous apparatus dving before the muscular, Mr.
Goodsir has, since these observations were made, pointed out to me Meissner’s!?
discovery of ganglia in the submucous tissue of the intestines, recorded in the
last part of the former series of Henle and Pfeufer’s Zeitschrift (1857); shewing
the mechanism by which, no doubt, this co-ordination is effected. ;

Again I have shewn that the ordinary peristaltic action which ocecurs
during the life of the animal is affected by the apparatus within the intestine :
for if you cut in the mesentery the fine nervous branches leading to a certain
portion, say three inches, of the intestine, taking care not to injure the blood-
vessels vou find that the peristaltic action goes on as in adjoining parts quite
unaffected by the operation, whereas, if the peristaltic action was produced
through the influence of the solar plexus or other nervous centres distant
from the intestine, it should cease when the nerves in the mesentery are
divided. Then, to prove that the nerves leading to the piece of intestine have
been thoroughly divided, you have only to set on the strong galvanic action
through the cord, when vou see perfect rest and relaxation of all parts except
that to which the nerves have been cut, and that continues to move just as
before. This is a very striking experiment, and further proves that the
nerves leading from the cord to the intestine must be in a state of action as far
as the intestine in order to produce the * hemmung . From these and other
observations with which I need not bore you at present, it follows quite
clearly that the * hemmung " of the movement of the intestines is produced
by the action of the nerves leading to the intestines upon the nervous centres
contained in the gut, but that this is not the only effect of the action of these
nerves, a milder action of the same nerves increasing instead of preventing
the action of the co-ordinating nervous apparatus of the intestine.

Next as regards the heart, I find that if after dissecting the vagus of one
side from surrounding connections without injuring it by pinching or other-
wise, and isolating it by a bit of glass placed between it and surrounding
tissues, you apply to it the poles of the coil battery tipped with fine silver wire,
the battery acting so feebly as scarcely to be appreciable to the tip of your
tongue, the beats of the heart are inereased in frequency instead of diminished,
but that if the rods of the soft wire are put into the helix the action of the
heart becomes diminished in frequency, gets irregular and at length stops.
This shews, as in the case of the intestines, how very gentle a stimulus must
be used in order to produce increase of action of the ganglia presiding over
the action of the viscus. This, however, is quite consistent with the great
effect produced by slight stimuli in many other cases: e.g., when a touch
of the skin at one point induces horripilation over a large extent of surface.
But had I not been led to do so by the analogy of the arteries, before alluded
to, I should probably never have dreamed of using a battery so excessively
feeble in action. I see that here too I have been anticipated ; for Spiegelberg
alludes to experiments by Schiff'® recorded in Vierordt's archives (which
I bave not been able to get) by which he is said to have shewn that a
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gentle stimulus applied to the vagus promotes, instead of arresting the action
of the heart.

One experiment mentioned by Pfliiger in his book on the * hemmung
nerven system 7 (1857) seemed strongly in favour of a constantly operating
controlling action on the part of the vagus over the heart’s contractions ; viz..
That division of the vagi increased the frequency of the heart’s beats: even
doubled their frequeney. At the same time it is said that this has not been
seen in frogs, only in mammalia. On this subject I made the following
experiment. The abdomen of a rabbit having been for § of an hour open
and the intestines out upon a plate covered with sweet oil, the beats of the
heart not having been as yet at all affected as far as I could judge, but being
about 42 in 10 seconds, 1 exposed both vagi in the neck. taking care not to
pinch them, but isolating them so thoroughly from the sympathetic that I
could at any time divide them with facility without injury to surrounding
parts. Having thus counted the pulsations in a coiling artery of the
mesentery and found them 42, I rapidly divided both vagi in the neck, each
with a momentary act with a pair of fine scissors, and about a minute and a
half after the operation, found the beats 40 in ten seconds. A minute or
two later the beats were 38, and so on, the pulsations gradually diminishing
till § of an hour after the operation they were 28. When they had fallen to
32 1 pinched one vagus with forceps, and within about a minute of the com-
mencement of the pinching, and while the irritation was still continued. the
pulsations were again 40 in the 10 seconds. Similar results followed from
the irritation on subsequent trials, but in a less marked degree. Finally after
the chest had been opened and respiration had ceased, I found that the same
irritation which had before increased the heart’s action, viz., pinching the
vagus, diminished the number of beats: the ganglia of the heart being, I
suppose, so feeble as to be thrown into diminished action by the same stimulus
which had previously induced them to act more.

In this experiment the fallacies which may arise from opening the chest
were avoided, and it proves of itself quite conclusively that there is not akeays
in operation a controlling action of the vagus over the heart’s action. On
the other hand 1 have observed in the case of the intestines that invariably
during a prolonged struggle of the animal the peristaltic actions cease; which
seems to show that natural and normal actions of the nervous system may
induce the ** hemmung .

If vou can find time to set my mind at rest as to whether I shall prepare
this paper for the Royal Society or do it in a shabby way for the Lancet you
would do me a very great kindness. Of course in a ease of this kind, where
so many persons are working at the subject., it would be very desirable to
have a notice of this paper early : and the proceedings of the Royal Society
would of course be the best medium.

I need scarcely say that if the paper does go to the Royal Society, what
would please me best of all would be for it to be thought worthy of a place
in the Transactions as well as the Proceedings.

Agnes joins in kind regards to Miss Colville and yourself with

Yours very truly,
Josern LISTER.
WirLiam Sumarrey, Esq., M.D., Sec. R.S5., ete.







































