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Laufanne Edition of this Treatife,

S long as philofophy was confined to-
hypothefes founded only upon imagi-

nary facts, this fcience might be confidered
as a downright Proteus, putting on new forms
almoft every day, becaufe one fanciful opinion
has always a right to fupplant another. Hence
it happened, that nature remained abfolutely
unknown, and the beft philofopher was only
a man of a tenacious memory, who had ftuff-
ed it with chimeras of all thofe who went
before him, and either gave the preference to
fome particular one, or reje¢ted them altoge-
ther to make room for his own. During the
laft century, fome happy geniufes, the chief
of whom we may reckon the Lord Chancel-
lor Bacon, difcovered the fallacy of this fort
of philofophy. They found it abfolutely ne-
A ceffary



(i)
ceflary to reject all that chimerical nonfenfs
which paffed by the mame of philofophy;
and they were fenfible at the fame time, that
this {cience was not to be created, but ftudied.
That they muft obferve the phznomena, which
is natural hiftory, and" experimental philofo-
phy; and enquire into the caufes of them;
which 1s rational philofophy, and, properly
underftood, is no more than obfervation, but
~ very accurate and extended, ‘This compre-
hends at once a great number of phznomena,
obferves what they have in common, and how,
they are connected ; and not contented with
the phxnomena themfelves, it endeavours to
penectrate into the caufes of them, to unravel the
properties of the matter which produces them,
to difcover the principal ones which ferve as
caufes to a great number of others, and which
may properly enough be called #he keys of na-
ture ; for the knowledge of them actually
foives a number of faéts, of which we did not
difcover the reafon before; and a fa&, of which
we are acquainted with the caufe, is a great
deal more interefting and ufeful than another.
It appears very obvious, that this rational phi-
lofophy cannot make fuch rapid progrefs as na-
tural hiftory; in the mean while it has ad-
vanced from time to time. The properties of~
the air, the circulation of the blood, and elec-
tricity,
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tricity, which were difcovered in lefs than the
fpace of a century, have thrown more light
upon philofophy than it had received for two
thoufand years before, and they have fuccef-
fively attracted the attention of all the philo-
fophers in Europe. The great difcovery of
the prefent age is IRRITABILITY, defcribed
in the following treatife, which I thall not pre-
tend to fay any thing in praife of, feeing its
celebrated author, for thefe twenty years paft,
has favoured the public with fo many excel-
lent performances, and now this fubjet is bea
come the principal topic of all thofe who de-
vote themfelves to the important ftudy of the
animal economy. ~

This difcovery has met with oppofition from
different motives. Indolence, to avoid the
trouble of an examination; vanity, to fhun
the imputation of ignorance; and envy, to de-
prive the difcoverer of his due praife, have de-
nied its exiftence; and after it was confirmed
by fo great a number of facts, thatit was im-
pofiible for the ftrongeft prepofleflion to call
the truth of it in queftion, they have attempt-
ed to prove that it was difcovered before, un-
der other properties which have been known a
long time, But this laft refort was very foongiven
up. Irritability is a property entirely different
from all thofe which were known before in the

A2 : bﬂj}’g



(iv )
dy ¥ ; and being effential to all animals, per-
haps likewife to all plants, will henceforth
juftly be reckoned amongft the principal qua-
lities of organized bodies.

It muft appear very furprifing, and at the
fame time not a little mortifying to mankind,
that a property which, as Dr. ZIMMERMAN
fays, conftitutes perhaps the very bafis of life,
and which chance muft have made us fenfible
of a thoufand times, fhould have efcaped the
eyes of all who imagined themfelves to be ob-
fervers, and fome of whom were actually
fuch. Perhaps it might not be impoffible to
aflign the reafon of this phznomenon, if the
time for it was arrived; but it is {ufficient to
fay, that it refembles feveral others of the fame
kind. Attraction, the weight and elafticity
of the air, thewed themfelves to the fenfes
every day; but itrequired a2 Tor1cELLI and
a NewTon to illuftrate them. Why may it
not be the fame cafe with Irritability? and may
it not be juftly faid, that difcoveries of this
nature do fo much the more honour to him that
makes them, that he lives in a more enlight-
ened age?  When we are unacquainted with
a thing we examine it clofely, and in an ob-

* Visab omni alid haétenus cognitd proprietate corporum
diverfa & nova eft: neque enim a pondere, neque ab attrac-
tione, neque ab clatere pendet. Prim. Linee Phyfiol. § 408.

2 ject
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je& which no-body has examined before, we
expect to meet with fomething new; but in an
age like the prefent, and upon a fubje@ fo
much fearched into as the human body, we
do not flatter ourfelves with difcovering effen-
tial properties; all that we can naturally hope
for, is only to puth farther thofe difcoveries
already made, which require no more than
dexterity and patience to bring them to perfec-
tion. Wherefore to difcover fuch a property
as Irritability, and to examine it after it is dif-
covered, requires a penetrating accurate. geni-
us, a lively fenfe of the want of fuch a dif-
covery, and a fagacity of finelling it out before-
band {o to {peak. Such a perfon ought to know
perfectly all that was known before, and repre-
fent it to himfelf in the ftrongeft light, in or-
der to be convinced that he does not fee falfe-
ly, or obferve what others have taken notice
of before, but have not judged worthy of
their confideration. He ought to have a par-
ticular turnto difcovering the truth, and a {trong
propenfity to lay hold of it, not to fuffer this
firt glimpfe to efcape him, which to com-
mon eyes would appear only an ignis fatuus
not worth attending to, but thines like a bright
meteor to thofe whom nature has deftined to
obferve it; which method of difcovering is in
a manner to create, But may Dr, HarLrLer

Ay be
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be faid in this fenfe really to have created Ir-
ritability‘? You will ind at the end of the
following treatife a fhort hiftory of this quali-
ty; in which he informs us, that feveral men
of learning have given him the honour of the
difcovery; but far from fubfcribing to their
teftimony, his modefty, which is always a
mark of fuperior talents, prompts him to name
fome authors, in whofe works he alledges, it
was hinted at before. But if you only take
the trouble to read them, you will eafily fee,
that what is contained in them proves only that
they imagined a concealed caufe, to which they
attributed thofe phznomena which they could
not account for; but by no means that they
were acquainted with Irritability, Hipro-
cRATES long ago fearched after this caufe,

and pointed it out by the name of &wguov; and 1

Bacrivi, who owns himfelf that his {fyftem
was founded upon the ideas of Hirro-
CRATES, imagined a force in the folids which
he did not diftinguith from other known forces,
which he evidently appears to confound with
elafticity, and places it in parts where it is not
to be found, Grisson is the firft, fays Dr.
Harver, who made ufe of the word Irrita-
bility, but in reality Gr1ssoN faw no more than
the common butchers fee every day, viz. pal-
pitations of the fleth after death, which are
' renewed
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renewed upon touching. The tone of the fi-
bres, fo often repeated by the followers of
STHAL, 1s no more than clafticity; and the
principle of motion of Dr. GorTER, is only
elafticity joined to fenfibility. Nay, this able
phyfician has made fo few experiments upon
the fubject, that he attributes the caufe of fe-
vers * to the irritation of the arteries, which
are neither irritable nor fenfible. This howe-
ver was all that was wrote upon the {ubjelt,
when Dr. HALLER, in 1739, publithed his
firft notions of Irritability, which he continu-
ed to explain in the following years. Some
years after Dr. WINTER, in an academical
oration, and likewife in a thefis publifhed by
one of his pupils, founded a {yftem upon Ir-
ritability, fuch as he imagined it to be, and not
- at all fuch as it really is, In fhort, it appears
from thence, that far from being the inventor
of it, it may juftly be faid, that he had not a
true idea of it. His fyftem is the fame with
that of Bacrivi, and fo little corrected, that
he has fallen into the very fame error with him,
taking for the principle of all our motions the
dura mater, which is void of all fenfation.
What dependence can we have upon fyftems
purely imaginary, and the futility of which is

¥ Compendium Tr. 52. § q.
A g4 proved
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proved by one fingle experiment?  Butat the
fame time Dr. WINTER is very much to be
commended, for having publiclyacknowledged
that he was in a miftake, though certainly {fuch
an acknowledgment muft be lefs mortifying to
a man of his fuperior reputation, than to thofe
authors of low rank, who are only known by
publithing falfe doctrines, and {oon relapfe to-
gether with their works into oblivien.  Dr,
Kaau BoeruAaAVE in his ingenious treatife
de Impetum faciente, publifhed only in 17435,
makes obfervations on the &vopuoy of Hippro-
crRATES, but that he has not placed it in Irri-
tability, appears from the manner in which he
chara&erifesit §14 ¢. Hefays itis a force which
belongs neither to the body nor the foul, which
takes place the moment thefe two are united,
and ceafes the very moment of their feparati-
on. But this character is very oppofite to that
of Irritability; chimera and reality are not to
be canfounded together. If he has mention-
ed this property in his other works which are
fince publifhed, it is eafy to fee from what
fource he has derived it, and we ought to con-
clude, that Dr. HALLER is really the perfon
who has difcovered and explained the docrine of
Irritability. The confufed hints which are to be
met with elfewhere, ought no more to deprive
him of the honour of this difcevery, than the

fympa-.-
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fympathies of ARISTOTLE, Or the obfcure and
univerfally extended force of Bacon Lord VE-
RULAM, ought to deprive Sir IsaAcNEwWTON
of that of having firft known the force of at-
traction; and as this property will be tran{mit-
ted to the lateft pofterity under his name, fo
Irritability will be diftinguifthed for the future
by the epithet of HALLER1AN. Thofe ob-
fcure and falfe ideas which are to be met with
in fome works, have been fo far from facili-:
tating Dr. Ha LLER’sdifcovery, that they fhould
rather have tended to obftruct it. In the arts
an imperfect fketch, or even a faulty one is
of ufe, as it leads to fomething better, and by
degrees to perfection. We owe to the rudeft
draughts thofe very machines which at prefent
attract our admiration; and the firft hut may
be confidered 2s having been the model of the
moft lofty edifices. But the cafe is by no means
the fame in the {ciences; a faulty fyftem,
efpecially if it is founded on fantaftical ideas,
impofed upon us inftead of accurate experi-
ments, Jeads us aftray, renders more difficult,
retards, and frequently abfolutely obftructs the
progrefs which we might otherwife be able to
make; and we ought to reckon ourfelves much
more obliged to thofe, who, in order to come
at the truth, are obliged to eradicate a thoufand
errors, which are planted like fo many obita-

cles
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cles in the way, than to thofe who find out 2
{fmooth road, though it has not been beaten be-
fore, and this obligation we lay under to Dr.
HALLER ; becaufe in order to difcover the
true principle of motion in man, he has been
obliged to make his way through a whole heap
of imaginary fyftems.

The wholeanimal eeconomy rolling upon this
principle, itiseafy toimagine what a change this.
difcovery muft produce, in explaining of fats.
To England we owe philofophy, and to Swit-
zerland we fhall owe phyfiology, the immove-
able bafis of which will be the treatife on Irri-
tability, 'We may fec by this {pecimen of our
author, the happy ufe which he has already
made of that property.

A great number of factsupon which Irritabili- |
tyis eftablith’d, were formerly publith’d by Mef.
fieurs ZIMMERMAN,OEDER,CASTEL,ZINN,
SproEGEL and WarsTorv¥, pupils of Dr, |
HavvEeRr, witnefles of thofe experiments, en-
couraged by his precepts, and animated by his |
example to make new ones themfelves. Their |
works are known, and have been well received
by the public, as they juftly deferv’d; bat in all
of them there wanted that la{t degree of precifi-
on, which is never found in the firft eflays upon
a fubje intirely new, which is only the produc-
tion of a mafterly hand, and chara&erifes the

: following
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following treatife, inferted in Latin in the fe-
‘cond volume of the Tranfactions of the Royal
‘Society of Gottingen. 1In this treatife we find
a very careful diftinCtion between Irritability
and Senfibility; experiments made with an ex-
altnefs, of which thofe who are uncapable
of the fame, are neither fenfible of the dif-
ficulty nor the ufe; determining the parts
which are fufceptible of the one and not of
the other, thofe which pofiefs ncither the one
nor the other, and thofe in which both are
united together. As I imagined that a table,
to reprefent at one view the refult of all thefe
experiments, would be of fome fervice, I have
inferted one at the end of this preface.

Perfons of inferior capacity, to whom na-
ture has left no other means of aflociating their
names with thofe of great men, but by vilifying
their works, and who deny the ufefulnefs of
theory in practice, becaufe they do not compre-
hend it, will perhaps afk what is the ufe of all
thefe difcoveries, and if theart of healing will re-
ceive any new degree of perfetion from them,
Such perfons do not conceive the ufe of theo-
ry in practice, for want of that thorough know-
ledge of both, which is neceffary to difcover
the connexion between them, and that ex-
tent of genius, which, taking in feveral ob-
jects at the fame time, and uniting them toge-

ther
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ther in one point of view, difcovers the con-

nexion that there is between them, and the
neceffary relation which obtains in all the fci- |

ences, between that of knowing the human

body and the art of healing. Confult thofe
celebrated phyficians whom all Europe look
upon as the firft of the prefent age (I migﬁt '

have faid as eminent as ever appeared) w2,
Van SwieTEN, WERLHOF, TR{JNCHI%\I,
ErLer, SwenkEeand D Haen; they will

all tell you, that they owe the extraordinaryand
continued fuccefs, which has raifed their re-
putation to {o high a pitch, to #his enlightning

theory, as M. DE LA MET TRIE fays, fpeak-
ing of that of the great BoErRuAAVE, which
alone would be fufficient to perfons of the leaft ex-
perience, and direlt them [afe in their praltice,
qobilft without it the wiofl confummate praétitio-
ner muft always continue reduced to gucfs and
comjeéture,  One may fay, that great phyfici-
ans have a different practice from thofe of the
ordinary fort. The former have particular
methods of treating their patients, which the
latter cannot comprehend the reafon of, becaufe
they depend upon a fkilful application of ge-

A O A I < R e SRR S M= mic
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neral principles, which thefe are either entirely =

ignorant of, or elfe are notcapable of makinga

proper ufe of. They follow {lavifhly the fame =
beaten method, though it has frequently been

found
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found hurtful, or at leaft ufelefs; and as they
are incapable of leaving it, all that we can
expet of them is, that they fhould fucceed in
cafes where that method happens to be pro-
per. You muft not require any thing further
of them, it is very well if, in order to con-
geal their ignorance, they do not run down
t’T;ofe prefcriptions, which are'above their com-
prehenfion as to their ufe, and. over which
fhould be infcribed the following motto,

Odi propbanum vulgus.
If the dependence of pathology on phﬂrﬁﬂ-

logy was better known, there would be no
need for difplaying the great influence which
this new difcovery muft have upon the art of
phyfic; but unfortunately we wanta work in-
titled, The application of theory to praitice.
This has determined me to venture fome
thoughts on the prattical ufes of Irritability,
which perhaps may ferve to incite the curiof:-
ty of the reader to further difcoveries *.

-~

* We have already two thefes in which the cure of Irri-
tability in practice has been treated of, the one is that of
MaxiTius de idiofyncrafia ex diverfa [olidorum corporis bu-
mani irritabilitate optimé dijudicanda ; and the other of Dr.
De va Mor~e of Paris, an omnis morbus ex irritabilitate auc-
ta aut imminata; but thefe two works have left the {ubjeét

gtill new.
The



| ( xiv )
The ‘manner in which opium aés, which
has given rife to fo many fyflems equally

oppofite and chimerical, and has occafion-

ed fuch a number of difputes, which could
never before be decided, is determined at laft,

fince the difcovery of Irritability. It is nei-

ther by attenuating nor by thickening the hu-
mours, by exalting or abforbing the fulphure-
ous particles, by reftraining the furious archeus,
nor by binding the nervous fluid, that opium
occafions {fleep; but by diminithing the Irrita-

bility of all the parts, excepting that of the heart,

which is only a very little, and moft frequently
not at all weakened by this medicine, The
action of the mufcles intirely ceafes; the fenfes
are buried in a profound fleep; the heart only
and the lungs, the one becaufe its Irritability
is not at all altered, the other becaufe its ac-
tion is independent on Irntability; I fay,
thefe organs alone continue their motions
the fame as before. Thofe vifcera which
are in the fame cafe with the lungs continue
their fun&ions, while the actions of the ftomach
and inteftines are diminifhed, dand hence may
be deduced, in what cafes opium muft be fer-
viceable in ftopping too violent evacuations,
viz. when they depend upon too great an Ir-
ritability of the inteftines; and confequently
if this is too weak, narcotics muit be hurtfal.

-
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This great principle ferves as a bafis to the
whole practice of this remedy, and the man<
ner of its acting accounts for all the fymptoms
which it produces.  But it would be too tedi-
ous to enter into this detail, which every one
may eafily follow. |

We frequently fee perfons in whom the
moft trifling moving caufe, occafions much
more confiderable commotions, than it pro-
duces in thofe of a ftronger habit. They can-
not bear the flighteft unufual imprefiion; the
leaft alarm, from whatever caufe, will occa-
fion extraordinary fymptoms in them, which,
according to their appearances and the part
where the firft caufe of the complaintis ima-
gined to refide, are known by the name of
vapours, or hyfterics, or other extraordinary
complaints®, the immediate caufe of which has
always been attributed to an exceflive mobility
of theanimal fpirits, but the true one is too great
an Irritability of the parts, ‘This principle;
combined with fenfibility, accounts for the
moft extraordinary phenomena attending thofe

* The celebrated Dr. Gorrer, to whom the practice of
| phyfic is fo much obliged, is the firt who has treated ex.
prefsly of mebility, a difeafe {o frequent and f{o little known.
The defcription which he gives. of it is very exa®, and I
would advife every phyfician to be acquainted with what he
fays of it in his Compendium, and his Syfema Praxeos.

difor-
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diforders, and at the fame time directs us to the
proper cure of them. In fhort, feeing Ir
ritability depends upon the mucus,.and the
different degrees of it are proportioned to the
confiftence of this fingular body, fo that the
former is greater in proportion as the latter is
lefs *, in order to remove the excefs, the mu-
cus muft be reftored to its neceflary confiftence,
Thofe remedies therefore which are called to-
nics are the only ones to be made ufe of for this
purpofe; bleeding, purging, falts, mineral wa-
ters (at leaft the moft part of them), and watery
medicines, ought to be forbid, and in place of
them fhould be fubftituted a proper regimen,
exercife, friGtion, ligatures, gentle aftringents,
aromatic wines, &¢. And indeed practice hav- |
ing fo often confirmed the ufefulnefs of this
method, may we not hence juftly conclude ~
that {yftem which explains them to be true, |
and which Dr. HALLER only propofed by
way of conjecture? Age, which gives a greater
confiftence to the mucus, diminifhes this ex=
ceflive mobility; and hence we fee inftances
every day of hyfteric women getting rid of =
thefe complaints, or at leaf’g becoming a great .-
deal lefs fubject to them, after a certain age. =
There is likewife a point beyond which the

* Dr. ZimMERMAN P. 8. _
confiftence
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confiltence of the mucus becomes bad by
growing too thick, becaufe hereby the Irrita-
‘bility is rendered too weak to allow the motions
to be performed by their ordinary caufes; and
this thicknefs being the inevitable confequence
of old age, hence this ftate is neceffarily fol-
lowed by death, which is nothing elfe than a
ceflation of all motion; for in old age Irrita-
bility gradually ceafes, and without Irritability
there is an end of motion, and without moti-
tion no more life. Nature produces in the
tendons the effect of old age, and though they
are compofed of mufcular fibres, and are really
a continuation of the mufcles, their too great
compactnefs prevents their being irritable, This
very phanomenen, if it was thoroughly exa-
mined, might perhaps ferve to inform us in
what the Irritability of the mucus confifts; the
explications which I have juft hinted at fup-
ply us with others for a great number of phz-
nomena, and lead us to the true rules of prac-
tice in'a great many cafes, where till now they
were extremely falfe.

The caufes and cure of convulfive difor-
ders, fo intimately conneéted with hyfterics,
receive a2 new light from this difcovery; fpe-
cifics are hereby rejeced as ufelefs, and there
are only two indications to be anfwered, «/z.

to remove the ftimulus and diminith the Irri-
B tability,
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tability. But evacuating medicines always en-
creafe this, and therefore can only be of fer-
vice in cafes where they are capable of remov-
ing the ftimulus.

The action of thofe purgatives which we -
are ‘better acquainted with, affift usin deter-
mining the ufe and choice'of them. Difeafes
of the bowels, the cure of which is fometimes
fo tedious and difficult, that able phyficians
have looked upon them as incurable after they
are become inveterate, will be removed with
more eafe, becaufe their caufe being known we
are thereby led to find out their remedies:
Chance has difcovered, that perfons who have
been drowned have fometimes been brought
to lite again by air being blown into their anus.
Reafon teaches us that this effect muft be pro-
duced by exciting the Irritability of the intef-
tines, which renews that of the vital organs;
and hence it is concluded, that an irritant as
harmlefs but more powerful than air, fuch as
cold water, will produce more certainly the
fame effect. It is eafy to conceive how reme-
dies may a& when all fenfation is loft, after
we know that the organs of motion and fen-
fation are not the fame. 'We may fee in Dr.
- ZiMMERMAN’s eflay * the manner in which
he explains that phenomenon, which before

* 839
was
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Was riot to be accounted for, vz, why fomeé
paralytics preferve the fenfe of feeling, whilft
others who are called parefie, lofe the fenfe of
fecling and preferve that of motion. Palpitati-
ons are now eafily to be explained, and for the
honour of all the pathologifts who have fearch~
ed into the caufe of them, it were much to be
wifhed that Irritability had been fooner difco-
vered. By difpoffeffing feveral parts of the melan=
choly right which was afcribed to them, of be-
ing the feat of pain, and by marking out thofe
which arereally fo, Dr. HarvreR teaches us to
which we are to make our applications, and
thereby renders perfect the art of phyfic in one
very important part, viz. that of quieting the
fymptoms. :

The theory of the conftitutions explained
by Irritability, in a work which Dr. ZimMmer=
MAN 1s preparing upon this fubjeét, will throw
a2 .new light upon the whole pracice and bafis
of morality.  The influence of our body upon
our ideas is {o fenfible, that every one is ac=
quainted with it. We fee it verified every
day, that a {mall quantity, more or lefs, of food,
a few drops of certain liquors, or fome grains
of nightthade, intirely change our manner of
fecing things, and confequently of judging of
them. Our ideas of beauty and goodnefs, of
good and evil, or of vice and virtue, and our

B2 allions
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actions confequent upon thefe ideas, vary ac-
cording as our blood circulates with more or
lefs rapidity, or is more or lefs thick. Itis
therefore certain that our manner of living
changes our manner of thinking, that the ope-
rations of the mind while it is united with
the body, may be varied by the ufe of air, diet;
old age, fleep, motion, reft, and medicines. In
confequence of this there muft be a medicine
for the mind, which has been thought of in
all ages; in all ages it has been wifhed that
this fubje&t was treated of, that the true princi-
ples of it were enquired into, and certain prac-
tical precepts of it laid down. But this work
has never been brought to perfection hitherto;
all that we have, even the moft modern, up-
on this fubject, proves the difficulty of the en-
terprize and the boldnefs of the undertakers,
much more than their capacity. In a work of
this kind fuch univerfal knowledge is required,
that it is by no means furprizing it has hither-
to been wanted; but this effential vacancy in
the libraries of moralifts and phyficians, will be
filled up with dignity by Dr. ZiMMERMAN’S
treatife, which obligation we fhall owe to Irri-
tability.

There will be no further occafion to have
recourfe to imaginary fuppofitions, in order to
explain the phenomena of the apoplexy. If

the
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the heart and other organs of the circula-
tion continue their motions, when all the anj-
mal motions are fufpended, ’tis owing to the
fame reafon that explains the a&ion of opium;;
viz, becaufe thereis a ftimulus which deter-
mines the motion of the heart, independent of
all fenfation and of every other motion. But the
apoplexy is only a profound fleep, depending
upon the very fame caufes with fleep, and
therefore is to be accounted for in the fame
manner *,

The theory of fevers, and that of inflamma.-
tions, ina word, of all the difeafes which de-
pend upon an increafe of the circulation, will
henceforward be fixed; feeing the caufe of the
circulation being known, we are thereby con-
dudted to the knowledge of thofe things which
can either increafe or weaken it, The blood
being rendered more acrid, of courfe becomes
more irritating, hence acrimony s capable of
producing a fever; and the different ipecies of
acrimony, the order in which they are produc-
ed, or evacuated, will form the different {pe-
cies of fevers. There ftill remain difcoveries
to be made upon Irritability, cfpeciufly with
relation to the force of different ftimulants,
which depends perhaps upon feveral caufes;

* Sce the Prime Linex Phyfiologicee, No 568, 576, and 403.
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and the more that the nature of it comes to
be underftood, the more eafy will it be to give
a reafon for all the motions depending upon it.

Several accidents in furgery, which were
only troublefome becaufe we were miftaken
about the cauie of them, will henceforth ceafe
to be fo, feeing their caufe being better known
Jeads us to the proper method of treating them,
and the method of treating them being known,
aflures us of a cure *. The uncertainty which
{furgeons apprehended of the poffibility of fe-
veral important operations, and which men
eminent in the profeffion, ventured upon on-
_ly as defperate, while others durft not at all
meddle with them, has occafioned the death
of a number of perfons, in cafes where the
patients will be faved for the future, becaufe
thefe new experiments aflure us of the fafety
of thofe operations.

The examples which I have already related,
will be fufficient, I hope, to convince perfons of
the greateft obftinacy, of the real advantages
which the difcovery of Irritability muft pro-
cure tous, I fhall finitb with fome general
reflections upon the objections which may be
made or have already been made to it,

% S-e Dr. ZIMMERMAN P 14, 15 and 16, and Dr. Cass=
TEH § 425 43, 44 and 45,
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1. It is by no'means an ideal {yftem which
Dr. HALLER advances in his treatife, it is not
an affemblage of analogical conclufions upon
four or five experiments haftily made, and fre-
quently in fo bad a manner, that the chief care
of the author is to reconcile the refults of
them; but itis a chain of fa&s, which have been
confirmed by a number of experiments made
with the greateft exactnefs, and repeated very
frequently during the courfe of fix years, be-
fore the publication of this treatife, and even
fince that till the prefent time ; the confequences
of which have always been uniform, and have
all concurred to confirm the fame truth. It
is not therefore by a few arguments that Irri-
tability is to be attacked; it is not by trivial
objections, founded upon chimerical confe-
quences, which an over-heated imagination may
draw from them; neither is it by fome obfer-
vations, or fome experiments made at random.
Whoever wants to deny the facts which Dr,
HArvreR advances, or rather that his experi-
ments have been properly made, ought to be
as well provided as he with a number of ex-
periments equally well attefted.  But it is not
to be {ufpected that Irritability will ever be at-
tacked in this manner; to believe this would
be wronging of nature, which is invariable in
her laws, as thofe who know them by inquir-

Ba ing
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ing into them will always find her. ~When
obfervations upon the fame {ubje¢t do not re-
femble each other, it is always either becaufe
one of the obfervers has not perceived the dif-
ferent circumftances which ought neceflarily
to vary them; or becaufe, as indeed is too
often the cafe, he decides the refult of the ex-
periment before he has made it, and only
makes it in order to confirm the other; fo that
he {ees what he was refolved beforehand to fee.
Some phyficians treat the book of nature as the
divines have treated the bible; they do not con-
fult it in order to know what it contains, but to
find in it fomething to authorize their ideas,
Theydonotapply to nature for information, but
they feign oracles, and deliver them boldly as her
decifions. Thus books are multiplied, and con-
fufions in proportion, becaufe the falfe muft be
lopped off before the truth can be laid hold of ;
and I fhould not be much furprized, if a per-
fon who knew nothing of the univerfe but
by the works of ill qualified or fyftematic authors,
(who are by far the moft numerous) fhould be-
lieve it to be the work of chance, fo little uni-

formity and harmony would they find there.
2, The experiments relating to Irritability
having been made upon brutes, can the truth
of the refult of them be affirmed with regard
to man? It is ealy to fee that this objection
1§
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is the effe&t of that low jealoufy, which perfe-
cutes talents and merit, or rather mankind in ge-
neral, by endeavouring to difcourage thofe great
men who enlighten it ; provided they were capa-

- ble of being hurt by thofe weapons, which, like
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flender arrows drawn by the weak arms of
children, can only rife high enough to fall back
upon their own heads. But we muft not leave
even this gloomy confolation to envy; while we
defpife the infect which teafes us, and which
we do not diftinguifh from numbers of the
fame kind, we endeavour to guard ourfelves
from its fting, the effect of which is fo much
the more fenfible, the handfomer the face is
againft which it is darted. Dr. HALLER’s
treatife confifts of two parts, the firft of which
treats of {enfibility, and the experiments which

‘he relates, contrary to what has hitherto been

generally believed, are fuch as we had the
greateft reafon to fufpelt to be inapplicable to
man. Eut the human body has really been the

{ubject of moft of thefe experiments, and hence

all thofe doubts neceffarily ceafe. He mentions
fome authors who had obferved before him
the infenfibility of the tendons, and he proves
that infenfibility, by a fa& which he was wit-
nefs to himfelf.  In the {fupplement he quotes
the celebrated Dr. ELLER, whofe authority
cannot be fufpected, asa witnefs of the infen-

fibility
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fibility of the dura mater; and Dr. CAsTELL
relates other facts which provethe fame thing *,
It is true we have not the fame number of ex-
periments upon the Irritability of the human
body as we have upon that of brutes, but ftill
we have fome; and fuppofing there were none
at all, it would be equally juft to conclude
from the fevereft analogy that it exifts. That
pyrrhonifm which denies all certainty, is not
more foolith and dangerous, than that which
admits only of geometrical demonftration. In-
ferences have their rules, and thofe propofiti-
ons which we difcover in following them ex-
actly, have the fame degree of force, as ma-
thematical propofitions the moft firictly de-
monftrated, They are not to be contefted,
but from jealous ignorance, which is always
inconfequential for want of principles. The
moft part of thofe phyfiological experiments,
which during this laft century have advanced
phyfic to its prefent height, have been made
upon brutes ; and it is to thefe experiments that
we owe the knowledge of the circulation, the
mechanifm of refpiration, the rout of the chyle,
an 1 the hiftory of generation.  But there have
never been any objections raifed againft their
application to the human phyfiology; becaufe

* Pag. 23, 24, 25 and 38.
we



( xxvii )
we cannot be deceived as to the perfect uni-'
formity of the mechanifm in us and brutes,
with regard to the vital and natural functions;
for that is demonflrated by the exact refem-
blance of fimilar parts, and of the effential
organical parts. 'The different make of the
extremities, or the variety of the outward fkin,
does not prove the principles of their motions
to be different. A crane that lifts a beam, or
a block of marble, is always the {fame crane,
and aéts in the fame manner in both cafes.
We may therefore conclude that Irritability in
man is one of thofe truths which is undenia-
bly demonftrated; and pofterity, which alone
ftamps the merit of difcoveries, by abftract-
ing of perfons, will promote this to that rank
which its ufefulnefs intitles it to.  She will
laugh when fhe obferves, that after its oppofers
had failed in perfuading us there was no fuch
thing, they fhould endeavour to render the
do&rine odious, by the confequences which
they pretend naturally follow it.  She will be
diverted to fee phyficians following the exam-
 ple of religious fectarics and devotees, intereft-

ing the caufe of God with theirs, and accufing
of deifm fuch as differ from them in opinion as

to the pulfations of the arteries, A certain au-
thor, well known for the greatnefs of histalents
- and the bad ufe which he has made of them,

has
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has mixed in the fame work fome ideas of Ir-
ritability, with thofe of materialifm, and endea-
voured to explain the fenfations by this proper-
ty; but Dr. HALLER, at the end of his trea-
tife, has proved the futility of this fyftem.
However as this objection is inferted very care-
fully in a fmall diflertation of M. DEr1vus,
profeffor at ERLANG ¥, and he goes fo far (fo
charitable is his do&rine) as to endeavour 'to
prove fyllogiftically, that this new {yftem tends
to irreligion, therefore this propofition deferves
to be examined.

y. It is generally allowed that the nerves
are the organ, and the brain the receptacle of
21l our fenfations, the fources of all our ideas ;
but the nerves and the brain are not at all ir-
ritable; Irritability therefore has nothing com-
mon with our fenfations. ~ 2. Suppofing it was
affirmed to be the principle of our fenfations,
as it appears to be that of the other motions,
what dangerous conclufion could hence be de-,
duced? What does it fignify to thofe truths
which depend on the nature of the foul, whe-.
ther that be Irritability or fome other pro-
perty of matter? Thatanalogy which I have
proved before between menand brutes, (I mean.
all this time quadrupeds) clearly demonftrates

* Apimadverfiones in doftrinam de irritabilitate, tono,
fenfatione, & motu corporis humani,

that
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that the principle of the fenfations is the fame
in the one as it is in the others, and this prin-
ciple not being the foul in brutes, can with as
little propriety be called the foul in man. Sen-
fation is produced the fame way in the one as -
in the others; but in brutes, the refult of this
fenfation is confined to a mechanical determi-
nation confequent upon it; while in man the
foul perceives that fenfation, this perception
forms the idea, and the paffage from the fen-
fation to the idea is the eflential chara&er which
diftinguifhes man from brutes, This difference,
which fo many divines deny, that they may
enjoy the gloomy pleafure of deprefling man
below the brute creation, and of difcovering
lefs reafon, wifdom, and condué in him than
in them; this difference, I fay, has been late-
ly thewn in as clear a light as pofiible, and
that principle upon which deifm founded one
of its ftrongeft arguments, has thereby been un-
dermined. That induftry, wi{dom, forefight,
knowledge, all thefe wonders, I fhould rather
fay all thefe monfters of reafoning, creaturesof
the imagination of the obfervers, and of thatde-
fire which they have of difcovering every where
the final caufes of things, fruits of that va-
nity which attempts to explain every thing,
and of that want of capacity which confiders
thofe things as trifling which only exift to give

2 har-
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harmony to the whole; all thefe chimeras va=
nith, and if beings, intirely corporeal, per=
form their labonrs with more order than men,
it is only becaufe matter, conducted by the
Creator, is better managed than that which is
in the hands of the creature. The brutes,
properly fo called, are reftrained by wife laws,
which in them are invariably executed ; where-
as, on the contrary, the foul frequently rebels
againft thefe laws, in man. From all thele
facts the following fyllogifm refults, very op-
pofite to that of profeflor DeL1us at Er-
lang, wvzz. a property common to two beings
is by no means the caufe of their difference;
but becaufe Irritability is common to man
and brutes, it is not therefore the caufe of
thought, It influences both the vital and
natural motions, nay further, it may be allow-
ed to influence the fenfations, and all the ani-
mal motions depending upon them, without
this do&rine being fufpecied of impiety, be-
caufe we are certain that the caufe of {enfation
is independent of thought. Perhaps the foul
may abfent itfelf from the bedy, er, to {peak
more juftly, may take no notice of what pafies,
without the life being thereby affected in man.
What employment could the foul have pre-
fiding in the wild man of Arnobius, if ever

there was fuch a perfon? What employment.
can.
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can it have in the feetus, that mafs indeed or-

-ganifed, but deprived of all fenfe, and buri-
ed in perpetual fleep?  Does it thew any fign
of its prefence in a new born infant? One is
loft ir: chimerical queftions concerning the mo-
ment of the union of the foul and body,
which is doubtlefs not fingle; for the body
can live without the foul. This union on-
ly confifts in the infpection which the foul has
over the body, and does not take place but
when this infpection is exercifed, and the foul
of confequence produces fome motion in the
- body. During the firft months of our life,
this union is far from being continued, but it
becomes more fo by degrees, though perhaps
during life it has its interruptions, which are
probably the caufe of thefe contrarieties, the
reafon of which has not hitherto been difco-
vered. ' ‘

We are but imperfe@ly yet acquainted with
the phznomena of the load-ftone, of attrac-
tion and elecricity, Irritability comes next
to open a new ficld of enquiries, a new fource
of folutions ; and perhaps we are upon the
point of difcovering fome other property, that
will throw a light upon thofe obfcure {ubjeds,
of which at prefent we fee only the dawn.

The
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The fenfible parts.

HE brain, the nerves,
wiz. their medulla, and

the following parts by means of

the nerves.

The fkin, the mulcles, the
internal membrane of the {lo-
mach, inteftines and bladder,
the ureters, the breafls, the are-
rus, the wagira, the penis, the
tongue, the teeth, the eyes,
and efpecially the retina, the
tunica chorcides, but lefs than
the retina; the heart, though
not fo much as the other muf-
cles.

The wifeera, the lungs, liver,
fpleen and kidnies, as likewife
the glands, have few nerves be-
ftowed upon them, and confe-
quently are not endowed with
much {enfation.

The irritable parts.

The heart, the mufcles, the
diaphragm, the efophagus, the
ftomach and inteftines, the lac-
teal veflels, the thoracic duét,
the bladder, the glands and
mucous {inufes in man, the wfe-
rus and genitals, which laft are
t:nclc«wcf with an Irritability
peculiar to themfelves.

The in ﬂ‘;ﬁ Je farts.

HE cuticle, the cellular

membrane, the fat, the
tendons, the membranes which
cover the vifcera and articula-
tions, the mediaffinam, omentunt
and mefentery; the dwra and
pia mater, the ligaments, the pe-
rieflewm and pericranium, the
bones, the marrow, the cornea
and iris.

The arteries and veins are in-
fenfible, ::u:ePting thofe which
are accompanied with nerves,
fuch as tae carotid, the lin-
gual, the témporal, the pha- °
ryngal, the labial, the thyroi-
dal, and the aorta near the hear .

The cornea, Havers’s gland,
and the coats of the nerves are
likewife infenfible.

The wnivritable paris.

The nerves, the cuticle and
the fkin, the membranes, the
arteries, the veins, the cellular
membrane, the wrethra, ure-
ters,lungs, liver, fpleen, dartos,
and round ligaments of the u-
terus, the tendons, ligaments,
pericflewm, meninges of the brain,
and the iris.

The excierory dufts can
fcarely be called nritable, at
leaft they require a very ftrong
irritation,

The parts awhick are both fenfille and irritable.

All thofe which have nerves and mufcular fibres; the mufcles,
the heart, the whole alimentary canal, the diaphragm, the
bladder, the zferus, the vagina and genitals‘ '

~ Infects are irritable and fenfible all over.



A

TREATISE

ON THE

Senfible and Irritable Parts

ANIMALS.

SOME months ago * my pupil and friend
Dr. Zimmerman publithed an inaugural
differtation upon Irritability; part of the expe-
riments relating to that fubjeé I faw him per=
form, and I fhall relate them here, in the fame
order as I find them, in my notes. Others
of them I was not witnefs to, and therefore I
fhall quote thefe from his thefis. Since the
year 1746, 1 have made a great many of the
fame kind 'myfelf, which-he was either a witnef§:

* Dr., Harier read this memoir in the academy
of Goettingen, April 2z, 1752, and the diflertation’
which he quotes was publifhed in July 17 51, under the
following title, Differtatio Phyfiologica de Irritabilitate,
autbore Jonanse Grorcio Zimmerman Helveto Brugenfi.
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of, or affifted me in performing ; and fince the
beginning of the year 1751, I have examined
feveral different ways, a hundred and ninety
animals, a fpecies of cruelty for which I felt
fiuch a reluctance, as could only be overcome by
the defire of contributing to the benefit of man-
kind, and excufed by that motive which in-
duces perfons of the moft humane temper, to
eat every day the flefh of harmlefs animals
without any fcruple.  As in making thefe ex-
periments I was obliged to try feveral which
were Ufelefs, and to repeat others of them
feveral times, to communicate the whole of
them would only be fpinning out this treatife
needlefsly ; wherefore I fhall confine myfelf to
relate thofe only which are of real ufe, and are
found conftantly true.

The refult of all thefe experiments has given
place to a new divifion of the parts of the hu-
man body, which I fhall follow in this fhort
eflay, by diftinguithing thofe which are ful-
ceptible of Irritability and Senfibility, from
thofe which are not. But the theory, why
fome parts of the human body are endowed
with thefe properties, while others are not, I
fhall not at all meddle with. For I am per-
fuaded that the fource of both lies concealed
beyond the reach of the knife and microfcope,
beyond which I do not chufe to hazard many
conjectures, as I have no defire of teaching
what I am ignorant of myfelf. For the vani-

o



o e
ty of attempting to guide others in paths whefe
we find ourfelves in the dark; fhews, in my

llumble opinion, the laft degree of artogance
and ignorance.

I' the more willingly engaged in examining
this fubject, that the experiments which I have
made, are the fource of a great many changes,
both in the phyfiology, pathology and furgery,
and difcover feveral truths contrary to the opi-
nions generally received. This laft reafon has
obliged me to be very exatt in my proofs, be=
caufe I was fully perfuaded, that an opiniont
fo little forefeen would at firft appear improba-
ble, and only gain affent by the cleareft con-
viction.  For this reafon I was obliged to re-
peat and multiply my experiments, in order
to convince the incredulous, by a number
of authentic teftimonies, fo to fpeak, and pre-
vent my falling accidentally into any miftake;
for T am perfuaded that the great fource of er-
ror in phyfic has been owing to phyficians, at
leaft a great part of them, making few or no
experiments, and fubftituting analogy inftead
of them. A fecond motive which encou-
raged me in this work, was the readinefs with
which fome celebrated authors have laid hold
of the firft notions of Irritability, fo as even
to make ufe of this property of our fibres, as
- a bafis of almoft an univerfat fyftem of mo-
tion in the human body, and thence deduce the
functions of the fibres, veffels, nerves; mufcles,

€'z a:nxf
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and in fhert of -all our organs. This appears ve-
ry plain in reading Dr. WinTER’s oration, de-
livered at Franekerin 1746, that of Dr. Lup’s
De Irritabilitate, and the thefis of pE M a1 and
1A MorTE upon the following fubjet, Ergoa
vaforum anfia aut diminuta irritabilitate ownis
morbus. For they all agree pretty much in the -
fame opinion, viz. in deriving all motion from
fenfation: In which they are joined by Drs.
KruGer, Nicorai, Wayrr, DeLivs, and
fome other great phyfiologitts.

I call that part of the human body irritable,
which becomes fhorter upon being touched;
very irritable if it contraéts upon a flight touch,
and the contrary if by a violent touch it con-
tracts but little.

I call that a fenfible part of the human bo-
dy, which upon being touched tranfmits. the
impreflion of it to the foul; and in brutes, in
whom the exiftence of a {foul is not fo clear,
I call thofe parts fenfible, the Irritation of
which occafions evident figns of pain and
difquiet in the animal. On the contrary, I call
that infenfible, which being burnt, tore, prick-
ed, or cut till it is quite deftroyed, occafions
no fign of pain nor convulfion, nor any fort of
change in the fitvation of the body. For it is
very well known, that an animal, when it is in
pain, endeavours to remove the part that fuf-
fers from the caufe that hurts ity pulls back
the leg if it is hurt, thakes the {Kin if itis prick-

ed,
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ed, and gives other evident figns by which we
know that it fuffers.

We {ee that experiments only can enable us
to define what parts of the human body are fen-
fible or irritable, and what the phyfiologifts
and phyficians have faid upon thefe qualities,
without having made experiments, has been
the fource of a great many errors, both in this
cafe and in a number of others.

When Dr. Boeraaave had eftablithed the
doclrine of the nerves, being the bafis of all our
folids, he prefently after proceeded to affirm,
that there was no part of the human body
which was not fenfible, or capable of fome fort
of motion®, and this {yftem, which I have elfe-
where © refuted, was received almoft univerfal-
ly all over Europe. '

The moft fimple parts of the human body
are the nerves, arteries, veins, the fmaller vef-
fels, membranes, the mufcular, tendinous, li-
gamentous, and bony fibres, and the cellular
membrane.

The more compound parts are the muicles,
tendons, ligaments, bowels, glands, the great
refervoirs, excretory ducts, and the larger blood
veflels.

® Inftitat, Med, N° 301, € Commentar in Pra-
le&. Boerh. loc, cit.

C3 But
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But this by the by, for here I don’t ftudy
accuracy, this being only a general lift of the
parts of the human body.

In order to difcover which of thefe parts are
fenfible, I made the following experiments.

I took living animals of different kinds, and
different ages, and after laying bare that part
which I wanted to examine, 1 waited till the
animal ceafed to ftruggle or complain; after

which 1 irritated the part, by blowing, heat,
fplrlt of wine, the fcalpel, lapis infinalis, oil of
vitriol, and butter of antimony. I examined at-
tentively, whether upon touching, cutting,
burning, or lacerating the part, the animal
Iﬁ:emed difquieted, rnade a noife, ftruggled, or
pulled back the wounded limb, if the part was
convulfed, or if nothing of all this happened
The repf:ated events of thofe experiments I
marked down faithfully, whatever I found them
to be.. For what is it to me, in fact, on which
ﬁde nature decides the qutﬁmn;’ nay, would it
not be very foolith to hazard the reputation of
a faithful and accurate obferver for an imagi-
pary fact, which the fimpleft experiment would

prove to be falfe to any other anatomift who
fhould chufe to repeat it ?

As to the order of making the experiments,
i thmk it is of no great Lc}nﬁ:quence, and there-

forc
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fore thall begin with the /. For as to the

epidermis, that is certainly infenfible, feeing
you may burn it with hot fpirit of nitre till you
give it a durable yellow taint, without occafi-
oning the leaft degree of pain.

The rete mucofum of Marricuius can hardly
be feparated from the epidermis in experiments
of this kind; wherefore I did not try any up-
on-it, being fully convinced that it has no
feeling.

The {kin is fenfible, and indeed more fo than
any other part of the body; for in whatever
manner you irritate it, the animal makes a noife,
ftruggles, and gives all the marks of pain that
it is capable of. This great fenfibility of the fkin
has determined me to take it as a fixed ftandard
of that property; and I reckon as infenfible, or
at leaft only in a fmall degree, thofe parts which
may be irritated without difturbing the animal,
while it difcovers {igns of pain if the neigh-
bouring fkin is irritated.

The fat and cellular membrane are not fen-
fible of pain, as is very well known, and has
been fhewn by other authors. What is told of
Dionvsius the tyrant, and is commonly known
to hold true in hogs, may be fufficient to con-
firm this; viz. upon thrufting a needle imto
them they thew no figns of pain, till it has got

Cy4 quitg
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guite through the fat and reached the fleth be-
Tow?. |

The smufealar flefo is fenfible of pain, but
that is owing more to the nerves than to the
flefh itfelf. For if you ticthe nerve of any joint,
if there is only one, or the principal trunks,
in cafe there are more, the whole joint is there-
by rendered infenfible, nor is the animal affected-
by thofe applications which hurt the joint when
the nerves are tied. For it is very well known
that all the mufcles are capable of pain, the
large hollow ones not excepted, fuch as the
ftomach, inteftines, and bladder.

But the tendons are neither capable of fenfati-
on, nor pain,  This is the firft paradox which 1
advance againft the common opinion, and it has
hitherto found but few partizans. Almoit all
the antient, and fome of the moft modern
authors, as La Fave®, HeisTerf, and Ga-
RENGEOTF, look upon wounds of the ten-
dons as very dangerous and difficult of cure,
and the fame opinion has been adopted by
BoeEruAAVE, his worthy pupil Van Swrk-
TEN", by Acrers! and Qursnavk.

¢ Commentar. Boeru. tom. ITI, N° 333. not. ®
© Chirurgie de Diox1s derniere edition, pag. 680, 681.

£ Inft. Chir. pag. 423, edit. de 1737. £ Operat.
de chir. tom. III. ch. 7. k Tom. I. n. 163. p.
218, 1 Om Frifkafor pag. 261, feqq, f De

la fupurat, pag. 223,

I fhall
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1 fhall thew immediately, that this opinion
was not altogether unknown before. For Jos 4
MEexrEeN', a very experienced furgeon, has faid
that the tendons arevery infenfible, and he quotes
as an inftance that of the patella. Bryan
Ropinson™ afferts, that in a living dog irri-
tations of the tendons did not {feem to be very
painful, but the muicles were more fenfible.
Georce THoMson obferved” no commotion
froma hurt of a tendon, and DaN1EL ScHLICH-
TING® was witnefs of the fame thing both in
men and in dogs. But thefe authors are not
numerous, and made only few experiments.

For the moft part I have laid bare the ten-
don of the extenfores refli of the tibia, or the
tendo achillis, after which 1 have pricked it,
cut off part of the fibres, even to one half of
them, nay I have cut the tendon acrofs {o as to
leave one half of it intire, which wound Bogr-
HAAVE looked upon as the moft dangerous.
Thefe experiments I have repeated upwards of
a hundred times fince the year 1746, upon dogs,
goats, rats, cats, rabbits, and various other
animals, always with the fame fuccefs.

The ufe of this experiment is to prove; that
if you irritate the mufcular fibres they con-

! Obf. cent. pag. 162. m Animal @conomy p.ge.
* Anatomy of human bones p, 17e. g Trauma-

tograph. p. 213, Eph, nat. cur, vol. VI. obf. 24.
2 | tract;
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traét ; but it is not the fame cafe with the ten-
don, which you may prick and lacerate as
much as you pleafe, without occafioning the
leaft motion of the mufcle; as indeed in ge-
neral, when the mufcle is contra&ted, there is
never any contraction obferved in the tendon,
which WrLLis? has taken notice of before, and
I have {een it a hundred times. Hence there-
fore it appears, that the tendons have no or-
gan neither of motion nor fenfation.

The conftant event of this experiment was,
that the animal, whofe tendon was lacerated,
burnt or pricked, remained quiet, without thew-
ing any fign of pain, and when it was let go,
provided only a {mall part of the tendon re-
mained whole, it walked eafily and without any
complaint. ‘I have feen a dog walk upon his
two hind feet, when the fendo achillis of both
legs was pierced through the middle, and a kid
walk freely, after I had cut away one half of
each of the fame tendons. And in another dog,
who had only the tendan of the folearis mul-
cle intire, thofe of the gafirocnemii being cut
through and drawn up iato a kind of knot;
I obferved no bad fymptom as long as T kept
him. Wounds of the tendons are likewife the
moft eafily cured of all, only by the help of
nature, without any trouble or bad fymptoms,
{o that there is nothing furprifing in that obfer-

? De motu mufcul. p.118. compare Bacrivi opera
P. 317 | :

vation
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vation of M. la Fave9, viz. of the tendon of
the biceps being cut without occafioning any
want of motion in the arm, Neither ought
we to blame VEsLiNGius and fome others® for
boldly recommending the futor of the tendons;
nor M. Bienase! for having ventured up-
on it, after having firft tried the experiment
on a dog. Dr. ZiMmMErmaN® obferved no
fenfation in the aponeurofis of the abdomen, up-
on touching it with oil of vitriol.

After I was fully fatisfied of the certainty
of the above event, I eafily difcovered the
caule, wviz. that there are nerves diftributed to
the mufcles, but not to the tendons. Fapri-
crus® AB AQUAPENDENTE owned long ago,
that he could not trace the nerves to the ten-
dons, but they difappeared in a kind of mem-
brane before they got that length; and Lzu-
weNHOEK™ could difcover only a very few ner-
vous filaments upon the furface of the tendons.

Seeing therefore in the human body the
nerves only are capable of fenfation, it is nei-
ther unnatural nor improbable, that the ten-
dons being deftitute of nerves thould have no
fenfation. I have oftener than once feen the
tendons laid bare in man, and, emboldened by

* Chir. de Dionis pag. 681. note 2, " Epiftol.
pofth. a BarTHorL1No.  Verove. Operat. de Chi-
jurg: ¢. 32. ¢ Differt. cit. p. 16. * De Fabric,
mufcul. pag. 27, * Epift. Phyfiolog. pag. 443.

the
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the experiments which I made upon brutes, T
once laid hold, with a pair of forceps, of the
naked flexor of the third j joint of the fore fin-
ger, of a young gentleman, without his being
fenfible in the leaft that I touched it. T have
likewife feen the tendon of the long fup:-
#ator mufcle chafed with hot oil of turpen-
fine, in order to ftop an hemorrhage;; it occa-
fioned an acute pain in the {kin, but the pati-
ent felt none in the tendon. Thus it is an old
practice to make ufe of hot oil of turpentinein
wounds of the tendons, and furgeons have long
ago looked upon it as an excellent remedy in
fuch cafes; but this oil would certainly occa-
fion as much pain in the tendons, as it does in
the fkin, provided they were fenfible.

Wherefore we need no longer be afraid of
wounds of the tendons, of whatever kind they
are. If a large tendon is deftroyed, it is evident
the patient muft halt, or lofe the ufe of a joint,
feeing the mufcles, being thereby deprived of
their infertions into the bones, can act no lon-
ger upon it. But befides this want of motion,
there is nothing elfe to be feared, and fome-
times nature remedies this misfortune in fuch a
manner, by means of a new cellulatr membrane,
and the neighbouring mufcles, that the motion
of the joint is performed as eafily as before.
I have feen a new cellular fubftance of a bluith
colour, grow in a few days, and unite the ends
of ‘the zendo achillis that was cut through in a

: dog.
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dog. As foan as they were united the animalk
fuffered no more inconvenience, and jumped

with the fame agility as before upon the chairs
and tables. -

Whence. therefore. can this m:l&a.ke, anlfc.
with regard to wounds of the t&ndnns in-
to which almoft all the authors haue fal-
len, who have wrote upon the fubje&, even the
moft refpectable and intelligent of them in othcr
Jefpe&s ? It appears to me to be moft prqba-
bly owing to the fignification of the word usuew,
being confounded with thofe of +éwy and ai-
despues, whereby it is made to. fignify both nerve,
tendon, and ligament¥. But awound in a nerve
produces meft violent {ymptﬂms, as wzll 1m-
mediately appear. Thus I really bq:imvt, that
in bleeding, a wound of the median nerve, and
perhaps fometimes of abranchof themufeulocuta-
mam,whrch runs down befgre the, median vein,,
has produced thofe painful f pmptoms, which
are commonly imputed to pricking the tendon
of the biceps mulcle, over which the vein.runs.
Parg' has left us. an account of a remarkable
inftance of this in Cuarres 1X: of France. It
is likewife to the great nerves which are. diftri-
buted the whole length of the fingers, that WE
ought to attribute the caufes of the unlucky
events of fome kinds of whitlow, the danger
of which has long been.afcribed to their feat be-

7 Garex de ufu part L. XV,
ing
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ing in the fheaths of the tendons, as was the
opinion of GARENGEOT® not long ago.

The ligaments and capfule of the articulati-
on, are fituated in the neighbourhood of the
tendons; the former have been defcribed under
the name of wevpov, and the latter are famous
on account of the danger alledged to attend
wounds of them, and of their being blamed
by many celebrated phyficians as the feat of the
gout” .

In making thefe experiments I met with a
good deal of difficulty. For as it was necefla-
ry to remove the fkin, and to ftretch it a good
deal in the tight joints of the {maller kinds of
animals, foas to allow the wounding and irri-
tating inftrument to be introduced into the hol-
low of the articulation, the animal frequently
complained, upon my laying hold of the fkin
with the forceps. However the experiment,
even when it was made with poifons, very often
fucceeded. In a cat I filled the articulati-
on of the femur with the pelvis with oil
of vitriol, without its feeming to feel this
violent corrofive, although I have feen the
uterus of a bitch deftroyed in the fpace of a

* QOpera de Chirurgie. tom. III. pag. 286, 301, 302
* BorRHAAVE apherif. de cognofe. &5 curand. morb.
1254, 1259. It is true this great man admitts likewife
the nerves to be the feat of this difeale.

minute
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minute by the fame application. In making
thefe experiments upon the articulation of the
knee, which is more readily come at becaufe it
1s almoft bare, 1 have frequently made ufe of
fmall pieces of fticks dipt in oil of vitriol, or
in the butter of antimony, with which I have
burnt the lateral ligaments, that of the rotula,
both the external and the internal furface of the
capfula, and Havers’s gland, without the ani-
mal difcovering the leaft fenfe of pain. Nay
thefe wounds, which are commonly reckoned
the worft, were cured with fo much eafe, that
the faliva alone of the animal was fufficient for
it, and very often they healed without it. Now
all thefe experiments, which have been repeated
upon dogs, cats, and young kids, juftify the
obfervation of M. pt .a MorrE®, who found
the extenfor ligament of the tibia to be infenfi-
ble. Sometimes inftead of cauftics, I tried the
experiment with a knife or needle thus: I
made an incifion on the external fide of the ar-
ticulation of the knee, laid bare the capfula,
patella, the ligament which goes from it to
the #7bia, and the external or internal lateral
ligament ; then fcraping with a knife the exter-
nal furface of the capfila and ligament, I thruft
a knife or needle thorough from the infide till
its point pierced the fkin, during all this the
animal fhewed no figns of pain, till the point
of the knife or needle, after having picerced the

fChirurg+ compl, N° 36-.
capfula
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¢capfula of the anticulation, came to touch t,‘Hé
cellular membrane under the fkin, This expe-
riment I have repeated feveral times.

Hence it appears, that we ought not to at-
tribute the fharp pains of the gout to the cap-
fula of the joint, in-which it is fo difficult to
find’ any nerves, and which is void of fenfibili-
ty : Their true feat is in the tkin, and in the
nerves which creep upon its internal furface.
And it was certainly very well ordered by na-
ture, that thofe parts which are expefed to a
continual fri¢ton fhould be void of fenfation.

Wherefore if wounds of the joints are fome-
times difficult to heal, we muft attribute this to
the humour which is continu ally fecreted there,
and ‘which readily acquiring a rancid putrefac-
tion, will not allow the wound to heal up. In
dogs, as far as I can remember, thefe wounds
always healed without any difficulty.

The periofftum refembles the ligaments and’
capfulee, and evidently in the fetus forms toge-
ther with them a thick pulpy membrane,
which is continued from one bone to another,
including the intermediate articulation. Where-
fore 1 was not furprifed to find it infenfible in
the numerous experiments which I made in
the leg, thigh, heel, metatarfus, and pericram-
am, which laft is of the fame nature with the
periofterm,

Phyficians,.
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Phyficians, anatomifts®, and furgeons, who
are of another opinion, will I hope pardon me
for differing fo widely from them, and defer
condemning me, till they have compared the ex-
periments upon which that opinion is founded.
A hundred times have 1 tore, pricked, and
burnt the periofteum, without the animal’s
fhewing the lealt fenfe of pain; nay young kids
have fucked during the time, while if I pinch-
ed the {kin they complained violently, and fell
into convulfions.

This infenfibility of the periofteum was ob-
ferved before by Mr. CreseLpeN, and it is
not at all furprifing in a part where there are
no nerves, where even Nessir ¢ himfelf could
not difcover any, but concluded there muft
be fuch, though they were invifible, to ac-
count for the fenfibility 'which he afcribed to
this membrane. For thofe which creep in great
abundance upon the pericranium, and do not
come from the tenth pair, but from the fecond
and third of the neck, and from the third and
fifth of the brain, are beftowed upon the fkin
of the head, and communicate their fenfibility
to it,

* Winstow, Traité des os frais N° 6e. CLopron, Ha-
vERS, NESBIT buman. offeogon. p. 6. Phil. Ad, Boeumer.
ofteol. p. 31.  Duverney Traité des maladies des os,
tom. II. p. 431 “ Loc. cit. ut fupra,

D The
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The infenfibility of the Jones is ftill difputed,
and indeed I have made no experiments upon
this fubje&, for in that cruel torture which is
unavoidable in order to lay bare the bones, it 1s
very difficult to diftinguifh the new pains there-
by produced. The fenfibility of the seesh is
known toevery body, but the fame reafon which
explains that, perfuades me that the bones are
void of fenfation. For though the nerves of
the teeth are extremely flender, yet they are ea-
fily thewn where they enter their proper fora-
men. But in the large bones I have never been
able to find any nerve, accompanying the arte-
ry and vein at their entry into the bone®; if
there were, I fhould have difcovered them in
my numerous defcriptions of the arteries ; if not
elfewhere, at leaft in the large and fmooth in-
ternal furface of the cranium, and in my pre-
parations of the nourifhing arteries of the whole
body. Dipierf fays that the bones rendered
foft are very fenfible; but befides that it is eafy
to be impofed upon in {o terrible a difeafe, M.
ImpErTE afferts the contrary ; and I have feen
the operation of the trepan performed upon
found perfons who had the free ufe of their
fenfes, ‘without their complaining of any pain
from the perforation of the cranium.

€ Nervi ad offa nulli, Rioraxn enchirid. Anatomic. AL.
Mowro loc. cit. p. 16, f Anat. raif. p.6, 7-
¥ Quaft. med, XIL p. 33.

DE-
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Devenrter ’, Amerose Parel, Dv Ver-
NEY*, and moft other authors, agree in faying
that the marrow is very fenfible of pain; but this
1s very improbable, as it is of the fame nature
with fat, and has no nerves beftowed upon it.

The dura mater is a kind of periofteum, every
where applied to the internal furface of the ¢ra-
nium, conneCted to it by vefiels, and has ar-
teries tranfmitted through it to the fkull, in the
fame manner as they are tranfmitted through
the periofteumn to the other bones of the body.
Paccriont and BacLivr have afcribed to it a
force equal to that of the heart, and the moft
part of phyficians have looked upon it as
the feat of the moft violent difeafes; but their
opinions do not change the eternal nature of
things. . I have fhewn elfewhere!, thar it was;
like all the other membranes of the bedy, com-
poled of the membrana cellularis, and this analo~
gy has been confirmed by the experiments of
Meflieurs ZiNN™, ZimMERMAN", and CasTEL,
and likewife by my own, which convince me
that this membrane, fo nearly refembling all the
others produced from it, may be burnt with
oil of vitriol, butter of antimony, or {pirit of

® Van beenfiekten p. 8o. ! Adminiftr. anat. p. 83.
* Mem. de P'acad. des fcienc. 1700. pag. 208, ! Prim.
lin. phyfiolog. n. XI, “ Experim. circa corpus callo.

fum cerebellum &c. Gotting. 1749. p. 28. feqq. " Loc.
¢it. p. 6, &,

D2 nitre,
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nitre, cut with a knife, or tore with a pair of
pincers, without the animals appearing to fuffer
the leaft pain. Meflieurs Ziny and MEKEL
obferved the fame infenfibility in the dura ma-
ter of a man, which had been laid bare by a
caries of the cranium; and doubtlefs the antient
phyficians, Carpanus®, and before him Ga-
LEN, fpoke from experience, when they recom-
mended the fharpeft applications as not only
fafe, but requifite in treating the dura maier,
Comparative anatomy likewife informs us, that
this membrane is a true cover for the brain, and
not a mufcle; for in the tortoife it is found of
a cartilaginous confiftence®.

How is it poffible, that a membrane fo in-
{enfible and incapable of motion, fhould have
the force to fend back the fpirits to the heart,
and be the feat of head achs, the phrenitis or
madnefs, unlefs you chufe toalledge, that when
it is affected, the brain by its proximity ought
to fympathife? wherefore the French furgeons
are very right in venturing to cut it, as often
as they obferve pus or extravafated blood un-
der it.

I muit here beg leave to make a digreffion,
which perhaps may be of ufe. M. ScuLIcH-
TiNG 9 has faid, that there was a motion in
the brain, that it afcended and defcended al-

¢ De vilner. cap. p. 139. FPSTEpH, LORENZINI obf.
* Memoir, préfentes tom L p. 114, ef feg. :
ternately,
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ternately, and is extremelyangry with thofe who
rank it amongft thofe parts of the body which
arevoid of motion. Being fully convinced of the
{trong adhefion of the dura mater to the cranium,
and of the total plenitude of the contents of
the {kull, T could not help wondering at the
boldnefs with which this author maintained the
contrary ; however I did not think of refuting
him by authorities or reafons a priori, but judg-
ed it beft to fight him with his own weapons,
that is by experiments. Wherefore I opened
the fkulls of feveral dogs with a hammer and
chiffel, which is a more commodious way than
with a trepan, and expofed to view a large partof
the brain ; and this experiment I frequently re-
peated upon dogs, goats, rats, frogs, cats, and
other animals, The event was always the fame,
viz. | faw a manifelt motion in the dura mater,
or rather in the whole brain, fuch as Scuricu-
TING has defcribed, for it afcended in expira-
tion and defcended in infpiration. Upon ac-
count of this motion alone I made above thirty
experiments with M. WaLsporF, who propofes
thortly to publifh a fmall treatife upon this fub-
JECE" S

I am too great a lover of truth to fuffer pain
upon account of a new difcovery, however op-
pofite it may be to my former ideas ; but what
gave me uneafinefs was, that I could not dif-

* He publifhed it in 1753, fince the firft publication
of this treatife,
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cover the reafon of this correfpondence betweenr
the motion of the brain and refpiration: For
the mind Jofes patience at the difcovery of a
phenomenon which feems repugnant to reafon.

But repeated experiments removed this feem-
ing contradiction. Neither the dura mater nor
the brain have any motion unlefs the cranium is
removed, which therefore in a living found ani-
mal is an effectual obftacle to it. This ScrricH-
TING himfelf owns to be the cafe, nay for the
moft part there appears no motion in the brain,
till the adhefion of the dura mater to the bones
of the cranium, which keeps the brain immove-
able, is deftroyed by the fingers or fome pro-
per inftrument. Wherefore this confent of
the motion of the brain with refpiration can ne-
ver be applied to a found healthy perfon; for
if the dura mater is not moved fo long as it
adheres to the cranium, and if the brain is on-
ly raifed up in expiration after the dura mater
has been {eparated from the {kull, which is ne-
ver the cafe of a perfon in health, this pha-

nomenon ought not to be regarded as really ex-
ifting,

Farther, I did not find this peculiar to the
brain,but from repeated experiments I have ob-
ferved the fame in the larger veins, wiz. in both
the cave, the fubclavians, the upper part of the
bafilic, and the jugulars; forall thefe fwell during

* Ibid. pag. 516.
expira-
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txpi'ratiﬂn, and become of a deep blue colour,
whereas in infpiration, being more empty, they
fubfide and look pale. The phanomenon there-
fore which ScrHrricuTiNGg has obferved is not
peculiar to the brain, as I took notice of be-
fore, and feems intirely to depend upon that
facility with which the blood paffes from the
right ventricle of the heart into the lungs, which
are dilated while we infpire, and upon that with
which the vene cave empty themfelves into the
fame ventricle in the time of infpirationt. On
the contrary, in exfpiration the lungs being
comprefled, refift the paflage of the blood from
the heart, and the blood contained in the heart re-
fifts that returning from the extremities; hence
the large veins, and amongtt thefe the jugulars
iwell, and thereby the brain is rendered turgid
with blood*. I know very well that by pro-
longing infpiration voluntarily, we retard the
blood which paffes through the lungs*; but
in the ordinary alternate motion of refpiration,
the blood enters more eafily into the lungs
during infpiration, although in a preternatural
ftate, when the lungs are filled with blood,
and for want of expiration, it cannot pals to
the left ventricle, there muft thereby be pro-
duced a dilatation of the right, and a ftag-
nation in the veins, almoft equal to that which
naturally accompanies expiration.

* Prime Linez Phyfiol, N* 29z, * Ibid. § 2g7.
* Ibid § 294.
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Allow mie to add in two words, that the lon+
gitudinal finus has no pulfation, even after the
cranigm has been removed, and that when it
is pierced, the blood does not fly out in jirks,
“but runs in a continued ftream, as when one
opens a vein; and this confirms what I pub-
lithed before again{t the pulfation of the finufes
of the brain*. It is owing to the fame caufe,
that the {mall arteries which go from the dura
mater to the cranium, and of which the greateft
number take their origin from the furface of
t e large finus, may be filled with injection,
without its ever penetrating into the finus itfelf.

The followers of Stamuv, and others, efpe-
cially Gonr, who deny the exiftence of the
animal fpmts conceive the nerves to be like
tenfe cords, which are put in motion by the
impreffions of objects, and communicate their
vibrations to the meninges of the brain, which
they look upon as the organ of all our fenfa-
-tions. This theory I have refuted by feveral ar-
guments, which I fee have not only fatisfied
Dr. FLemming?, but likewife the moft mo-
dern patrons of the doétrine of the foul go-
verning . the body, admit the animal {pirits, as
Dr, WayrT,

But there is {till another argument, which
proves more fully, that the faculty of fenfati-

* Comment. ad inft. Bokru. N® 214, Y Of the
"nature of the nervous fluid, Lond. 1751, gvo.

on,
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on, whatever it is, does not refide in the mem-
branes of the nerves. With regard to the du-~
ra mater 1 am fully convinced, that it does not
form the external coat of the nerves, although
moft other anatomifts are of a different opini-
on. But there remains the piz mater, which
actually ‘fheaths each of the medullary fibres,
which are fo very flender, that we can count near
ahundred of them in one of the branches of the
fifth pair. If therefore I can thew that the piz
mater 1s void of fenfation, there can be no rea-
fon given, why the fenfibility of the nerves,
which is owing to the medulla, thould be afcrib-
ed to the membranes. In order to this, I have
tried the following experiment upon dogs and
kids, and frequently repeated it.

I laid bare the pia mater, by removing a part
of the fkull and the dura mater contiguous to
it; I touched it with butter of antimony (which
ought in this cafe to be preferred to the oil of
vitriol, as this confumes the membranes too
faft, and it is almoft impoflible to prick the
pia mater with a knife without wounding the
brain at the fame time) whereupon it was burnt
to an gfcar, without the animal’s complaining
in the leaft, making any fort of ftrugling, or
being at all convulied. But upon touching the
brain, in whatever manner I did it, the animal
was inftantly feized with violent convulfions,
which bended its body to one fide in the form
of a bow. '

If
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If the dura and_ pia mater, and likewife
the perioftenm, are found void of fenfation, it
appears evidently, that the fenfibility of the szber
membranes muft be given up. This conjeéture
is confirmed by repeated experiments, which I
have made very carefully upon the peritonenin,
after removing the 7e&; mufcles, upon the
plewra freed from the intercoftal mufcles and
nerves (which is a difficult experiment, but |
have frequently done it, and moft fuccefsfully
on a kid, it being a very quiet animal) and even
upon the pericardium, in all which cafes the
membranes being cut or irritated, occafioned
no fenfe of pain, nor the leaft change in the ani-
mal. The celebrated StorcH, as appears by
the journal of the difeafe of which he died,
was not fenfible of any pain, while, in perform-
ing the paracentefis, the trocar pierced the peri-
toneum. Upon this occalion I forefee that ma-
ny eminent phyficians, who place the feat of
the violent pain of the pleurify in the mem-
brane of the plezra, will differ from me in opi-

nion,  But I only relate falts which I have
attually feen.

Neither ought thefe truths to be looked up-
on as paradoxes, becaufe they contradict fome
pathological dotrines.  BorrHAAVE® affirm-
ed long ago, that in infpiration the plesre was
lefs upon 'the ftretch, becaufe by the ribs at
that time approaching nearer to one another,

“In his Praxis Medica, 1745, tom IV, pag. 162.
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the intervals between them were thereby dimi-
nifhed ; and that on the centrary, in expirati-
on, that membrane was more tenfe, becaufe
then the ribs receded to a greater diftance from
cach other. But in the pleurify the pati-
ent fuffers moft in infpiration, that is, when
the pleura is leaft diftended, and wice wer-
Ja; wherefore that great man did not place the
feat of this difeafe intirely in the plenra, but he
likewife joined to it an inflammation in the muf-
cles which ferve to bring the ribs nearer to one
another.  But according to my fyftem, in of-
der to explain this ph&nomenon, it is fufficient

that the intercoftal nerves fuffer, be the cafe as
it will in other refpects.

The mediaftinum, being a very fine mem-
brane, and very much refembling the omentum, I
confider in the fame light with the plewrs. All
thefe membranes being deftitute of nerves,
are of the fame nature with the cellular mem-
brane, and therefore are not fenfible of pain.

The arteries and veins feem not {ufceptible of
pain; for upon irritating or laying hold of a
nerve the animal complains, but if you lay hold
of an artery it does not feel it. The fenfibili-
ty which is occafionally met with in the mem-
branes of the carotid, the lingual, temporal,
pharyngal, labial, and thyroidal arteries, and
of the aorta near the heart, depends upon the
nerves which I commonly demonftrate there,

and
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and which do not appear to make any farther
progrefs. In thofe places it is natural to ima-
gine, that the arteries muft be fenfible, fecing
the nerves run immediately upon them, but
otherwife they are endowed with little or no
{fenfation: I have frequently ordered the arte-
ries to be tied very tight in 'men, without
their complaining of pain in the lealt.

‘The internal membranes of the flomach, inte/-
tines, bladder, ureters, vagina and womb, being,
of the fame nature with the fkin, ought of con-
fequence to enjoy the fame fenfibility.

The beart is likewife fenfible, which I don’t
fay from my own experiments, but from thofe
of other perfons; and it is natural to think it
fhould, feeing it is a mufcle, and has nerves be-
ftowed upon it. The reafon why I have not dii-
covered it myfelf is, that an animal whofe tbo-
rax 1s opened is in fuch violent torture, that it
is hard to diftinguifh the effect of an additional
flight irritation,

On the other hand, I am fully convinced,
from a great number of experiments, that the
vifcera, properly fo called, viz. the lungs, li-
wer, [pleen and kidneys, have very little fenfation ;
fecing I have irritated them, thruft a knife in-
to them, and cut them to pieces, without the
animal’s {eeming to feel any pain, Dr. Zim-

MERMAN
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MmERMAN® has tried the fame experiments with
the like fuccefs. Hence ulcers of the lungs are
not attended with any pain, and perfons have
had ftones in their kidneys for {everal years
without ever being fenfible nf them

If it thould be objected thaz there are nerves
in thefe vifcera, my anfweris, I'do not alledge
that they are void of all fenfation, but unly
that it is very weak in them, wiz. fuch as one
would expeé in a part which has very. few
nerves beftowed on it in proportion to its bulk:
For all the wvijzera have large blood veflels and
fmall nerves, the liver not excepted, but efpe-
cially the {pleen and the kzdneys -

The glandsin gf:neral have.nqu*an obtufefenfa-
tion, owing to the few nerves which are beftowed
upon them.  Hence {chirrous 'and encyfted tu-
mours are {o indolent, and it is very furprifing,
that M. Du:Borpikv, fo’{evere a critic.of the
writings of others, fhould lately have eftablifh-
ed it as an axiom, that a great many nerves
are beftowed upon the glands, and upon this
founded a fyftem to explain the nature of their
functions,in which healledges, that itis not com-
preffion, but irritation that makes them difcharge
theirliquors. In the mean while it iseafy to prove,
thatthere are no confiderable nerves beftow’d up-
on thelargeft of the glands nor the thymus, asfar
as hitherto we have been able to difcover; that

2 Loc. cit. p. 17,
3 the



( 30)

the nerves which go to the thyroid gland are 2
great deal {maller than thofe of a muicle ten
times lefs in bulk than that gland, and that
there is not a gland in the whole body, in
which we can demonftrate any nerve of the
larger fort. Befides upon opening the mouth,
when we are not at all hungry, we can fee the
faliva fqueezed out, by the fole compreffion
of the digafiric muicle.

The breafts are covered with a great deal of
fkin, and furnithed with many nerves. The
panis, which has likewife a great deal of
fkin, and receives a greater number of nerves
than any other part of the body of an e-
qual fize, has alfo a proportionable degree
of fenfibility. The tongue, which has like-
wife a great many nerves, is endowed with a
fenfation ‘more acute and delicate than the
touch, which form the tafte. We may judge
of the fenfibility of the eye, and efpecially of
the reiina, from the irritation and inflammation
occafioned by too glaring a light. Tht tunica
choroidis and the #ris{eem likewife to be fenfible.
But I do not find that the cornea has any nerves,
and hence it may be pierced with a needle with-
out occafiening any pain; and what perfuades
me that the ir/s is much lefs fenfible than the
retina, is, that if after having pierced the cor-
#ea, you irritate or cut the 77és, it is not there-
by contracted, whereas the leaft increafe of
light makesit contract; which evidently proves,
that this contrafion dees not depend upon the

proper
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proper fenfibility of the i7is, but on that ot,
the retina. The gutta ferena ferves likewife,
to prove the fame thing; the iris hemg no
ways chang:d in that d1feai"¢, any farr;hf:,r than
that it is deprived of motion, from the fenfa-:
tion of the resina being deftroyed by a palfy
of the optic nerve.

The nerves, which are the fource of all fen-
fibility, are themfelves of courfe extremely
fenfible. It is impofiible to reprefent to one’s
felf, without having feen it, the vaft pain and
difquietude whichan animalis throwninto, upen
touching, irritating, or even tying a nerve. I
have learnt from experience, that by tying a con-
fiderable branch, not only of the eighth pair,
but even of the extremities, dogs have died:
after a few days; which has made me ftill more
afraid than I was before of tying the nerves fo-
common 1n amputations. But if a nerve is
cut, and irritated below the feétion, the ani-
mal feels no fenfation therefrom, which is a
proof that pain is not propagated from one
nerve to another by their anaftomofing.

We have feen that the fenfible parts of the:
body are the #erves themfelves, and thofe to
which they are diftributed in the greateft abuns:
dance; for by intercepting the communication:
between a part and its nerve, either by com~
preffion, tying, or cutting, it is thereby im-
mediately deprived of fenfation, which is a fa&

proved
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proved by well known experiments, fome of
which you may fee in my commentaries upon
Borruaave®. Wherefore the nerves alone are
fenfible of themfelves, and their whole fenfibi-
lity refides in their medullary part, which is a
production of -the internal fubftance of the
brain, to which the pia mater furnithes a coat.

e B B @ o ikl (] %

I proceed now to irritability, which is fo
different from {enfibility, that the moft ir-
ritable parts are not at all fenfible, and wice
verfa, the moft fenfible are not irritable. I
thall prove both thefe propofitions by facts,
and at the fame time I fhall demonftrate, that
irrritability does not depend upon the nerves,
but on the original fabric of the parts which
are fufceptible of it.

In the firft place the nerves, which are the
organs of all the fenfations, are not at all ir-
ritable. This will appear furprizing, but at
the fame time it is very true. If you irritate
a nerve, the mufcle to which it is diftributed
is immediately convulfed. I never faw this
experiment fail, and I have frequently by this
means feen the diaphragm and abdominal
muicles of a rat, and the hind and fore legs
of a frog, thrown into convulfions. You may
fee experiments of the fame nature in Swam-

® De irritabilitate n. 284. not. g.
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MERDAM, and in making them I have fourd, as
OEDER ¢ mentions, that the irritation of a
nerve cemmunicates the motion only to thofe
mufcles to which it is diftributed, and does
not effect thofe which derive their nerves elfe-
where. \

I have likewife conftantly remarked, that
the convulfion of a muftle only took place
when the nerve was irritated with a knife,
and not when the experiment was made with
corrofives.. :

But if you irritate the nervous fibres which
are fcattered through a mufcle, there is thereby
no contraction produced in the nerve. I have
often carefully obferved in dogs, and more efpe-
cially in frogs, thatwhatever irritation I gave to
a mufcle, it never communicated the leaft
motion to the nerve. -

I afterwards tried the fame experiment which
Z1NN made at Berlin, viz, I applied a ma-
thematical inftrument, marked with very {mall
divifions, lengthways to a long nerve of a
living dog, in fuch a manner as I could
thereby perceive the flighteft contractions ; and
upon irritating the nerve, it remained per-
fectly quiet, |

Thefe experiments clearly prove, by the by,
that the force of ofcillation, which has been
attributed to the nerves, is not agreeable to ex-
perience,

Neither the fkin, which is the feat qf feel-

¢ De irritabilitate n, 23, P- 5.
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ing, nor the nervous membranes of the fto-
mach, inteftines, and Urethra, are irritable.
Here we muft take care not to confound
with this property, a kind of vermicular mo-
tions produced by the corrofion which oil of
vitriol, or {pirit of nitre, communicates to the
nerves, or arteries, when they are cut into
pieces, or the contraction of the fkin of the
membrane of the Urethra, of the bladder, or
gaul bladder, occafioned by the fame ap-
plication. The lungs have been conftricted
by oil of vitriol after death according to Zim-
MERMAN 4. And a motion has been obferved
fome hours after death, in the {kin, fat, and
tails of animals®. 'Wherefore thiscorrofive force
has nothing in common with life, and con-
tinues to rake eftect twenty four hours after
death, as I have learnt by experience.
Neither is irritability proportioned to fenfi-
bility, The ftomach is extremely fenfible,
and the inteftines are rather lefs fo, f{eeing
they certainly are not liable to fuch violent
pain, and yet I have found them to be more
irritable. The heart, which is very irritable,
has but a fmall fhare of fenfation, and upon
touching it in a living perfon, a fainting is
thereby dccafioned rather than pain.
Farther, we muft not conclude that a
part is fenfible, ‘becaufe it is irritable; for the
tying or cutting of a nerve, which deftroys the
fenfibility of that part to which it is fent,
¢ De irricabilitate p. 17. * Bid. p._13.
~. does
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does by no means deftroy its irritability, I
have frequently repeated BrLLinr's experi-
ment, but the event was fomewhat different
from what is commonly related, viz. I laid
hold of, and comprefied the phrenic nerve of a
living animal, or of one very lately dead, for
the experiment fucceeds alike in both cafes ; this
compreflion irritating the nerve, put the dia-
phragm in motiony. if T tied the nerve the
fame thing happened ; if I cut it, and irritated
it below the fection, where there was no fenfa-
tion left, becaufe the communication with the
brain was thereby deftroyed, the diaphragm
was convulfed the fame as before. In the
fame manner by cutting the crural nerve of a
dog, you thereby deprive the limb of all fenfa-
tion, and you may tear it as much as you
pleafe without putting the animal to pain ; but
at the fame time if you irritate the nerve which
has been cut, the mufcles of the leg are feiz-
ed with a trembling motion ; wherefore at
that time it is irritable, though quite infenfi-
ble. This experiment of Berrini has been
too much embellithed. It is true that the
compreffion and irritation of the nerve puts
the diaphragm in motion, but this is equally
the cafe whether you prefs the nerve from a-
bove downwards, or from below upwards,
The experiment fucceeds better if the nerve
is tenfe than if it is relaxed. If you comprefs
the nerve, and irritate it above the comprefled
part, in whatever manner you do it, the dia-

X2 - phragm



(36) |
phragm remains without any ‘motion, and
therefore itis not true what FrREpER1Ck ORrT-
Lop® has faid, viz. that itis pur in motion
if you dire¢t the compreffion of the nerve
downwards, and ceafés upon fliding the finger
towards the upper part of the thorax.

Laftly, in {mall animals I have tied the
trunk of the nerves which go to the extremities,
and thereby rendered the limbs infenfible and
paralytic.  Afterwards 1 have irritated the
mufcles, and feen them contraét the fame as
before, ‘though they were no longer fubject to
the command of the will.

I have tried experiments of the fame kind
upon parts feparated from the body. " The
inteftines in this ftate after being deprived of
all communication with the brain, preferve
their periftaltic motion; and if you touch
them with a knife or corrofives, they put on
the fame appearances, as if they were in their
natural fituation, and {till preferved their con-
nexion with the nerves and brainf. The fame
thing is- to be obferved in the heart, and in
any other muftle cut off’ from the body® In
an eel, the heart continues its ‘motions during
the fpare of feveral hours, with the greateit
regularity, even after it has been pulled out
t:rf the thorax.

If therefore we fay that an animal only Fec]s,

® In praf. ad aratomen. ratiozalem Dani1eLis TAury,
f Woonwars's fupplement, pag. 6. B ZIMMER-
MAN, P2g-r1g. - s Tl . H
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when any external impreflion is reprefented to.
the mind, certainly that part of the body muft
be void of fenfation, whofe communication
with the brain is deftroyed by the nerve being
cut, or the part being taken quite out of the:
body. In aflerting that there was no motion
of our body but by the foul, Dr. WayTT has
found -himfelf obliged to admit the divifibi-
lity of the {oul, which he believes to be feparable
into as many parts as the body®. I have fre-
quently repeated the experiment jult now men-
tioned: wiz. I pulled out the inteftines as
quickly -as I could, and cut them into four
or eight pieces, all which moved feparately,
ftill preferved their periftaltic motion, and con-
tracted in- whatever manner they were irritated.
Dr. Woopwarp' tried experiments of the fame
kind before in' the inteftines, and Bacrivik
upon the heart of a froz, as did Aurerivus
Severinus' long before the others. I have
feen the heart divided into feveral fmall pieces,
eachof which moved upon the table, M. Lups™
has obferved in the membranes of an egg an
irritability - which - cannot proceed from any
nerve, becaufe there is no fuch thing there;
but I have had no experience upon this article.
I find that BacrLivi® has made ufe of the fame
arguments to eftablifh the feat of irritability in
-the folids, and we ought to take care not to
" L. C..pag. s83l i L. C. pag. 8o. k De
“fibra motrice pag. 7. ! Vipera pythia, pag. 110.
" L. C. pag. 3¢. " De fibra motrice & mozbofa, p. 7.
E 3 call
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call in here the analogy of infedts, which are’
beth irritable and {enfible all over®©.
- The foul is a being which is confcious of it-
{elf, reprefents to itfelf the body to which it
belongs, and by means of that body the whole
univerfe. I am myfelf, and not another, be-
caufe that which is called I, is changed by eve-
ry thing that happens to my body and the
parts belonging to ie. If there is a muicle, or
an inteftine, whofe {uffering makes impreflions
upon another foul, and -not upon mine, the foul
of that mufcle or inteftine is not mine, it does
not belong to me. But a finger cut off from
my hand, or a bit of fleth from my leg, has
no connexion with me, I am not fenfible of
any of its changes, they can neither communi-
cate to me idea nor fenfation ; wherefore it is
not inhabited by my foul nor by any part of it;
if it was, I fhould certainly be fenfible of its
changes. I am therefore not at all in that
part that is cut off, it is intirely feparated both
from my foul, which remains as entire as-e-
ver, and from thofe of all ether men. The
amputation of it has not occafioned the leaft harm
to my will, which remains quite entire, and
my foul has loft nothing at all of its force, but
it has no more command over that amputated
part, which in the mean while continues ftill to
be irritable. Irritability therefore is independ-
ent of the foul and the will.
Thefe fame experiments farther prove, that
® Theolog. des infe& t. z. pag. 84, 83. '
the
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the whole force of the mufcles does not depend
upon the nerves, becaufe after thefe have been
tied or cut, the mufcular fibres are ftill capa-
ble of irritability and contrattion; and fome
time or another perhaps, the ufe of the
nerves with regard to the mufcles will be re-
duced to convey to them the commands of the
foul, and to increafe and excite that natural
tendency which the fibres have of themfelves.
to contract, in whatever manner that is brought
about.

But I return to my experiments, whereby I
have difcovered which are the irritable parts of
the human body, and in what degree they
are fo.

I have excluded the fkin. The cellular mem-
brane and the fat, which the oil of vitriol de-
vours {o greedily, 1is generally agreed to be
void of motion, at leaft a gentle irritation
does not affeét it. So neither the lungs (tho'
violent acids conftrit them) the liver, the kid-
neys, nor the fpleen, have any irritability ; be-
caufe they are compofed of the cellular fub-
ftance, which, as I faid juft now, is not endow-
ed with it, and of veflels which are equally
void of irritability.

This character of irritability feems to me to
be that which diftinguifhes the cellular fibres
from the mufcular, which refemble each other
{o much, that they are confounded together
every day, as appears for example in the dertos,
which fo many ftill look upon as a mufcular

E 4 mem-
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membrane, as alfo in GrissoN’s capfula,  and -
the round ligament of the womb, in which
a great number of anatomifts have been at a
vaft deal of pains to difcover mufcular fibres.

The difpofition of the cellular membrane to
irritability; is precifely the fame with that of
the fibres of dead fleth ; it yields to the touch,
dimples if you prefs it, and recovers itfelf if
the preffure is removed. If you cut it, the fi-:
bres retract on both fides, and leave an empty:
fpace between. But the mufcular fibres, if
you irritate them in a living body with a knife
or corrofives, become fhorter; their extre-
mities approach nearer to one anather, pre=~
fently they are relaxed again, and thefe con=
tractions and relaxations are repeated alternate-
ly for fome time, 1

The tendons are as void of irritability as they
are of fenfation. No irritation made with a
knife or with any gentle corrofive can excite
any convulfion in them, or produce any motion
in the mufcle to which the irritated tendon - be-
longs. If the electric fpark produced from the
tendon is violent, the celebrated M. JaLLaperT
has obferved, that fparks of the fame kind may
be produced equally as violent from other parts
ef the body which are more folid and hard.

Theligaments, perioficum, meninges of the brain,
2and all the membranes, beipg compofed of the
cellular membrane, are void of irritability :: and
the following experiment may ferve to convince
thofe of their error, who have fancied that they

have



(42 )}

have obferved mufcular fibres in the dura mater
and pericardium y viz. if you cut, burn, or tear
thofe membranes, you can obferve no fenfible mo-
tion excited in them thereby. I have repeated
this experiment an hundred times, and the fame
has likewife been done by Mefl. Zinn, War-
sTORF, CasTEeL, O=rpEr and others, always
with the fame fuccefs. :
The arteries by fome are thought to be irrita- -
ble, both upon account of their mufcular mem-
brane, and the neceflity of finding the caufe of
their contrattion, which is conftantly alternate
to that of the heart; and we know that Drs.-
Senac and WavTr® have looked upon this
irritability as effential to the arteries. The firft
of thefe authors takes it for a more efficacious
caufe of the circulation, than the heart itfelf 3
and T own that this fyftem has an appearance of
realicy. The inteftines, which by their peri-
ftaltic motion puth on their contents; the prin-
cipal artery of the filk worm, which performs
the office of a heart; and animals in whom af-
ter the heart has been cut out, the motion of the
fluids has been continued for fome time, which
appears to be owing entirely to the arteries ; laft-
ly, local inflammations occafioned by irritating
topics, form fo many analogies, which unite to
render this fyftem probable. Upon examining
with the microfcope the blood in a fifh, and in 2
frog, after the heart was pulled out, it con-
tinued for fome time to move in the . veflels,
‘ ? LaiCisps 95,
and



( ap):
and I faw it pafs up and down the vefiels of a-
fimall fith, which had no motion neither in the
heart nor gills, nor thewed the leaft fign of
fenfibility. | _

In the mean while all thofe' faéts do not yet
prove the irricability of the arteries. Irritate
the aorta of any animal you pleafe, either in
its internal or external furface, and either with
a fharp inftrument, corrofives, or hot fpirit of
nitre, you will not be able to obferve any con-
traction thereby produced, except that from oil
of vitriol, which I mentioned before?,  and:
which fucceeds equally as well, if the experi-
ment is made feveral hours after the animal
has been quite dead. In living frogs I have
frequently irritated the arteries with alco-
hol, fpirit of nitre, and other acrid liquors;
and though I examined them attentively dur-
ing the time with a microfcope, I could never
difcover any motion thereby occafioned in them,
while the blood which they contained was chang-
ed into a thick jelly of the colour of earth. -

Farther, upon examining the circulation in
animals with the microfcope, 1 have never ob-
ferved any contraétion in the arteries. I have
viewed the circulation for whole hours in fithes
and frogs, and during the whole time the fides
of the vefiels remained as quiet as thofe of the
tube with which I examined them. If the pulfe
of the artery had occafioned any motion in the
seighbouring vein, I could not have failed ta

P 1. G, L1aMERAAN P. 24.
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difcover it with the microfcope. With regard”
to the experiment which Hevpe? relates, viz.
that upon cutting an artery of a frog, it con-
cralts itfelf fo as to become impervious, I have
frequently feen the event very different, the
orifice of the artery retaining its former figure,
without being either contraéted or dilared.

Wherefore, although I will not abfolutely
deny the irritability of the arteries, yet I do
not at all fee that it is confirmed by experi-
ments. ; ' i

Neither am I more convinced that it obtains
in the veins. It is true I can'perceive a motion
in them, which depends upon refpiration, and
I have frequently obferved, efpecially in frigid
animals, that of the vewnz cava, which contraéts
near the heart, and drives the blood which it
contains into the auricle. We likewife know
that upon touching the veins with fome ve
tharp corrofive, as fpirit of wvitriol, or hot
{pirit of nitre, they contraét much more fen~
{ibly than the arteries, and puth on the bloed, as
I have feen both in a kid,and alfoinacat. But as
neither the knife, nor gentle corrofives injected,
produce fuch a contraction, and there is no
acrimony of that force in any of the humours
of the human body, I look upon the wveins
as intirely void of irritability, or at lca{l: very
‘gently endowed with it. -

The Jafteal wveffels contra& ‘and empty
themfelves, upon ‘being touched with oil of

3 Obf. 35, :
vitriol,
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vitriol, and what proves that they have a con+,
fiderable fhare of irritability is; that though.
they are ever fo full of chyle at the time when
the  animal dies, they empty themfelves, and
contraét in fuch a manner, that you cannot
difcover any cavity remaining. ,

The different excretory duéls are not endow-
ed with more irritability than the veins. The
gall-bladder, the dulius coledochus™, the ureters,
and the #rerhra contract themfelves upon being
touched with a very acrid corrofive, but the ap-
plication of a weak one, or the knife, produces
no change in them.

The ureters cannot be irritated even by oil
of vitriol, and therefore they feem to be defti-
tute of any mufcular force, as indeed there has
never been any mufcular fibres plainly fhewn in
thole' canals.

I have convinced myfelf by an experiment of
the nature of the bladder, For by pricking it
with a knife or needle, in a dog that was almoft
dead, I have {een it, though not always, very
frequently contract itfelf confiderably, and drive
out the urine through the opening of the abdo-
men. 1 have likewife obferved it immediately
after death contract itfelf fpontaneoufly, and
empty itfelf of all the urine with which it was
tfull before ; which obfervations were formerly

“made by WeprEr’, and 1 have quﬂted them
before from him.

+ 'L G. Zimmerman 46 ab oleo vitrioli,
f DE‘ cicuta aquat.  p. .250.
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" The watering of the eyes, which irritating!
¢ffiivia or fnuffs produce, and the difchargd
of mucus from the wrethra, occafioned by fharp
injections, together with other phenomena of the
fame kind, prove that the glands and mucous
finufes in man are irritable; but in the experi-
ments which I have tried upon living animals;
1 have not difcovered any fuch property in thefe
parts.

The uterus in quadrupeds is irritable, and at
leaft as fenfible of motion as the inteftines, whe-
ther it ftill remains in the body, or has been cut
out of it. The ftrong contrattion of the hu-
man matrix, which in a great meafure expels the
child, andis fo evidently felt by the hand when
it is introduced into it, proves its irritability,
and this determined RuvscH to leave the delive-
ry of the after-birth to nature, as every bedy
knows,

The Irritability of the genitals feems to be of
a particular nature, in fo far as voluptuous ideas
are the moft proper fimulus to put them in mo-
tion. However fo far it refembles that of the
other parts, asit is rendered active and produces
an erection, if it is excited by a quantity of
urine, or femen, the acrimony of cantharides,
or the fharp difcharge of a gomnorrbeza. But in
whatever manner thefe irritations are produced,
the effect of them isalways to conftrict the veins,
and to retard the motion of the blood through
them. As Dr. WuytT afcribes the ereion of
the penis to a greater afflux of arterial blood, he

{feems
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feems to be unacquainted with the experiments,
whereby it appears, that by tying the pewis either
in men or brutes, an erection is produced, and
that in the parapbimofis, the ftricture of the pre-
puce occafions a prodigious {welling of the
glans, though a greater afflux of arterial blood
cannot be fufpected in either cafe.

. Butall the muf ¢los are irritable. I do not know
one that has not a natural palpitation after death ;
they all tremble, and are alternately contraéted
and relaxed. Ihaveobferved it in the temporal,
pectoral, and fternocoftal muicles, in the refi
abdominis, cremafler, and [phinier of the anus.
Dr. WavrT © has obferved the fame in the /pbinc-
ter of the bladder, and other anatomiits in other
mufcles of the body. With regard to the fter-
nocoftals, I have often feen with pleafure,
that upon cutting away the flernum, they ftill
preferved a fufficient force to bend the cartilages
of the ribs, and pull them inwards. The fame
mulcles preferved their Irritability a long time,
nay even longer than the diaphragm. 'Farther,
as the flefh in general of animals palpitates {pon-
taneoully after death, fo it appears from an old
expériment, which is known to every body®,
that this motion may be rvived after the muf-
cles have been fome time quiet, either by irritat-
ing the nerve which goes to a muicle, or themuf-

g “"Hicumer, difguif. anat. p. 137. B. Lax-
GRISH de mot. mufc, p. 51. Woopwarp p. 74. 1. ¢.  Par-
SONS de mot. mufc. p. 68. 'W. CrooNE de mot. mufc. p. 10.

Mazin de sechan, medic. p. 13. Hucnes of Barbados p. 309.
cle
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cle itfelf, with a knife, or corrofives. Dr. Zim=
MERMAN * has made experiments of the famekind
with mine, as alfo Dr. Woopwarp? upon the
mufcles of oxen, Croone* upon a mufcle of the
human thigh, and BREmonp® upon afrog; and
Oeper® obferved themufcles to be violently con~
‘vulfed upon being touched with falt. In making
the former experiment it is of little confequence,
whether the nerve is intire and communicates
with the brain, or whether it has been cut
through®. Inboth cafes the mufcular fibre con-
tracts, its extremities approach nearer to one ano-
ther, and the fucceflion of thefe motions repre-
fents a kind of undulation on the furface of the
mufcle. On examining in a frog with a mi-
crofcope the mufcle thus convulfed, you do not
fee that the blood jis pufhed out; and it circu-
lates as before. There is no animal in which
the mufcles grow pale during their action, and I
have long ago obferved, that the palenefs which
Harvevy? faid he had obferved in the heart
during its contraction, has been a fource of er-
rors into which the greateft men have fallen.

In moft part of the mufcles the Irritabilicy is
fo great, that after one fingle irritation, the muf-
cle contraéts and is relaxed feveral times, by of-
cillations which diminith gradually, tll they
intirely ceafe®. This alternate motion is very

*P. 10 LR a1, 74,50 af, * De mot. muft.
p- 30. * Mem. de I’Acad. des Sciences 1739, p. 476.
ot 4 1 ¢ Cr. Oepkr P. §. & Comment. Borru.
u, cordis 400. Phyf. prim. lin. n. 4. fWHYTT pag, 18,

evident
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evident in the refi mulcles of the abdomen, tlia
fternocoftals and ethers, where there is no diffe:
rence in the direction of the fibres, which there-
fore HaAMBERGER ¢, and another author, had ne
manner of occafion to introduce into the ftruc-
ture of the heart, feeing the mufclesjuft now men:-
tioned ofcillate perfectly well, thoughall the fibres
are ftraight and parallel to one another. In the
mean timeDr. WayTT" is miftaken when he fays,
that this ofcillation takes place in all the mufcles,
for it does not happen in the bladder, which after
it begins to alt, continues its contraction with-
out interruption till all the urine is expelled.

The iris, which you will be furprized at, has
no Irritability, when the caufe of the irritation
applied to it is mechanical, wiz. a knife or the
like, as I faid before. Now that I mention the
aris, I have obierved, contrary to Dr. WayTT’s®
opinion, that its dilatation does not depend up-
on mufcular force, becaufe after death it re-
mains very large. This I had remarked before
a great many times, and I have a proof of it
before me in a cat which was tortured to death,
and has the pupil opened fo wide, that you can
[carce fee any part of the i7is at all. Inafrog
it alfo appears to be void of Irritability,

There are fome mufcles which have a ftronger
contracting force than others, and retain it a lon-
ger time after the animal is dead. The chief of
thefe I reckon the diapbragm, which I have al-
ways obferved to continue to move a long while

“In progr. decaufa dilat. ' Pag. 243.  BSe. 7.

after



afost SHEEE o ks
after the others when the animal was dead, or
at leaft by irritating the nerves the motions
could be renewed. I have feen it irritable’
and tremble an hour or more after death,
when the motion of the inteftines had intirely
cealed; and Dr, ZimmerMaN® has been witnefs
of the fame along with me. Weprer! has ob-
ferved long ago, that the diaphragm contracted
after the ftomach was cut out. At the fame time
I muft own, that I have fometimes feen in ani-
mals while they were ftill warm, other mufcles,
and the cefophagus continue their palpitations,
after the heart was perfectly quiet, an example
of which is related by Orprr*. But for the
moft part the diaphragm, heart and inteftines
may be irritated, or the heart and inteftines pal-
pitate fpontancoufly, after the motion of all the
other parts is quite ceafed.

The @fophagus, if it is irritated above the di-
aphragm, contra&s itfelf very fenfibly, and I
have plainly feen its periftaltic motion without
any irritation, and a morfel contained in it pufh-
ed upwards and downwards, by the periftala
tic motion renewed upon irritation, which I
think is fufficient to refute the opinion lately
advanced againft the motion of this mufcular
tube,

The flomach is confiderably irritable, and when
touched with a corrofive, its impreffion immedi-
ately produces a long fuperficial furrow in it.

L Iq. ' De cicut, aquat. P. 195. ch tem-
porali p. 4.
| F If
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If you irritate it with a knife, either at the py-
lorus or elfewhere, it prefently contracts; and I
have feen it, efpecially upon touching the left
fide of the pylorus with a corrofive, contract it-
{elf circularly. If after you have opened it, you
touch it with a corrofive, it throwsoutafroth, and
the borders of thewound are rolled together *, as
do thofe of the inteftines. I have likewife feen the
ftomach thining through the diaphragm while
the ebdemen was intire, agitated with a periftal-
tic motion, and the fame may be obferved upon
viewing it through the peritoneum after it has
been laid bare, which contradiéts the opinion of
ScHwARZ, who attributes that motion te the ac-
cefs of the external air. I have feen it very evi-
dently in a cat, a rabbit, and a rat, continue
more than an hour after that of the inteftines had
ceafed.

There is however in the f{tomach fomething
lefs altive, compared with the inteftines ; and up-
on irritating it in a frog with corrofives, it does
not at all contraét. I have frequently given thefe
{ubftances to them, and never but once faw
them produce thofe motions which occafion vo-
miting, and confift in ftrong and fhort {uccuffi-
ons repeated from time to time. Another time I
{aw the corrofive fublimate conftrict the ftomach,
and make it perfectly flat.

The inteftines both large and fmall, and the
ewcum in thofe animals where it is large, areex-
treamly irritable; for after having cut the muf-

* Et revolvit labia vulneris, 2
2 ' cles
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cles of thie abdonien entirely away, I have feeri the
excrements driven eut by the force of the intefs
tines alone, as Werrer and Stuat! hdve obs
ferved before. We may add to thefe fa&s, fo
contrary to the fyftem of thofe who attribute too
much to the contraction of the abdominal muf-
cles, that in the cafe of an obftinate coftivenefs,
when the excrements refift the moft violent
ftraining, and repeated efforts of refpiration,
there is often nothing more required to expel
them, than roufing the Irr:tablllty of the intef-
tines by a glifter. There is no part in the ani=
mal body which continues longer to move, fre-
quently longer than the heart, as I have obferved
fourteen times; and when the heart moves the
longeft, it appears to me to be owing to the 24-
domen being firlt opened, and the inteftines there-
by rendered cold™. Neverthelefs the brifk and
perpetual motion of the heart, together with other
reafons, give it the preference to the diaphragm.
Opium, which deftroys the periftaltic motion of
the inteftines; and almoft the whole Irritability
of the body, leaves the force and motion of the
heart intire, as I have frequently feen. In fe-
veral experiments, the motion of the heart has
continded longer than that of the inteftines,
whereof I find feven examples in the journal of
my diflettions.

Very often after the motions of the inteftines
have ceafed, they are renewed again, and in-
_ ! Theor. vit. & mort. @ Comp. Ueper p: 5. &
.G, ZiMMERMAR,
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ereafed by little and little, either by the cold or
fome obfcure caufe irritating them. Befides, after
they have been taken out of the body, I have
obferved this motion rather to increafe, which
according to the common received opinion ought
to be totally deftroyed, and Dr. FEL1x", my pu-
pil, has already made this remark. They may
likewife be irritated externally either with a
knife, a ncedle alcohol, or corrofives; but their
internal furface is much more irritable. Upon
opening the inteftinal canal, and dropping a cor-
rofive into its cavity, the byle defcends and
flows out with a great deal of froth, and is alter-
nately reforbed into the inteftine. I never faw
the periftaltic motion more plain than in a cat,
which had {wallowed corrofive fublimate. The
lips of the inteftine where it is cut through turn
back, fo as to embrace the part immediately
above the fection, and thus being turned infide
out, readily adhere to the neighbouring parts.
When the inteftine is only flightly wounded the
lips are equally retracted. '

But it is {fo difficult to obferve the periftaltic
motion, that it is very hard to reduce it to any
certain rule. In general however the inteftines are
evidently conftrited where that motion obtains,
while the part below the conftriction is dilated,
and receives ‘the contents which the conftrited
part fends to it. Thus, when a part of the in-
teftine is irritated, it contracts fo ftrongly there,
that the cavity is quite fhut up, and the contents
are puthed intothe neighbouring parts, either up-

" De motu periftaltico n, 11.
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wards or downwards, which dilate, and foon af-
terwards, in confequence of this dilatation, con-
tract themfelves, and pufh along whatever is con-
tained in them.

I have feen an introfufceprion in a rabbit,
which had poifon given it. In this cafe the
contracted part of the inteftine is received into
the neighbouring part which is larger, and it is
eafily difentangled; but in the mean time it
fqueezes the contents sequally upwards and down-
wards. Itis likewife certain, that the inteftine
changes its fituation from fide to fide, moving
itfelf alternately from the left to the right, which
motion renders the longitudinal fibres very con-
fplcuous, as the cnn{’crl&mn does the tranfverfe.

In frlgld animals the inteftines appear to me to
be prnparnonably lefs irritable. An hour after
havmg opened the belly of a frog, I {till found
the ftomach and the inteftines to be irritable,
but the motion of thc heart cnntmued a gcu::d
deal longer.

Thus by degrees I am at Iaf’c ﬂrnt to tﬁe moﬁ
irritable organ of all, wiz. the, hf:art, which as
it is the caufe of all motion in the human
body, {o is the beft conftru@ed for it, and there-
fore ought to be endowed with the greateft Irri-
tabLhty That it is a&ua]ly fo, appears from ex-
penmcnts efpecmﬂy in frigid animals, in which
it is conflantly irritable, and much more than the
inteftines: For firft, in‘thefe animals it moves
a gréat'deal longer ‘than any other part, of the
quy, even after death,” and fometimes for

F3 four
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four and twenty, ® or thirty? hours, orlonger; but
in animals whofe blood is hot, it moves till the
fat is rendered ftiff by the cold, at which time
the motion of all the mufcles commonly ceafes.
I have obferved in frags, that genera.ll}r the
heart continues its motion from noon till pretty
far in the night, but rarely till next morn-
ing. Farther, after the heart has ceafed to

move, its motion may very eafily be renewed
by external irritation, either with a knife, a nee-
dle, faltd, poifon, and fometimes even with fim-
ple hot water, according to Dr. Woopwarp?,
The auricle being irritated by poifon, contract-
ed itfelf feveral times fucc-:ﬂively, and 1 have
feen the fame thing happen in the heart. But
very often in thofe irritations produced. by pai-
fon, the motien which follows upon them is ve-
ry fhort, oft cnnu%lh local, and confined to

the place alone which is irritated, The beft me-
thod of renewing the motions of the heart, ista
irritate its internal furface, and I have frequent-
ly fucceeded by blowing into it, after having
tried corrofives without any fuccefs; and the in- .
jection of other fluids, which have more con-
fiftence than air, produces the fame effect. The
motion of the heart is Equa]ly renewed, wh:ther'_
you inject water, or blow air into it, e;ther bythe
veéna cava, the trachea arteria, or the thoracic
duét, which laft experiment I tried upon a dog.

~ * In alarge viper CyaRas d¢ Jatheriague p. 43.  *In
a turtle :., Cavpesr. 9Qepgrp. 3. | ‘L € p
§2: Wzrrn cicut, aquat, p. 29

.
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In fhort, it is fufficient if the air ‘gers any how
into the left ventricle, which experiment ufual-
ly goes by the name of Hooke’s, and I have tri-
ed it myfelf frequently with fuccefs, This irri-
tation of the internal furface of the heart, pro-
duces ofcillations much more latting, than thofe
which are caufed by irricating it excernally, and’
they become weaker very infenfibly. Neithet’
does this jrritation at all diminifh the Irritability
of the heart, whereas that which is produced by
poifons, renders whatever part they touch al-
moft incapable of motion. '

It is difficulc to determine which is the moft
irritable part of the heart. Anatomifts have
commonly preferred the right ventricle and auri-
cle.  But, if Tam not miftaken, I have proved
that in this refpe@ the right has no advantage
over the left, feeing the ofcillations of this laft
continue longer, when the irritating caufe has,
been applied longer to it than to the right'. It
does not appear that the weight of the liquor
which is made ufe of contributes to increafe the
irritation, becaufe air produces the fame effedt
as water, alchough it is near a thoufand times
lighter, and the heart of a fatus beats ftronger
and quicker than that of adults, whofe blood is
a great deal thicker and heavier. Hence I cons
clude that the different weight of the blood has
no great influence upon the motion of this organ
and the experiments juft now mentioned, made
with air and water, prove that there is no need

%:See the effay publifhed at the end of this treatie.
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of acrimony in the fluids to produce an irritati-
on of the heart; though at the fame time I
muft obferve that acrimony increafes it, as ap-
pears from the example of falt. But acrimony
and irritation do not increafe in the fame propor-
tion; for hot {pirit of nitre, applied to the in-
tfrqal furface of the heart, produces no contrac-
tlﬂﬂh : O |

_If you afk me whence proceeds this greater
Iiritability of the heart than of the other mufcles,
1 fhall find it very difficult to anfwer the queftion..
The nerves are not more numerous there than
elewhere, and they are rather fmaller than thofe
of the muicles of the eye. Dr: WayTT" is of |
opinion that the nerves. th;;e_,' are more {enfible,
al]i_-ld therefore can lefs refift any famulus, But
whence can !:h]is:_ngcﬂf”s of fenfibility in. the hearg,
piogeed ! Isit becaufc the neryes are more expofed,
and,nearer the anternal furface of the beart, and
by that meanspearer the irritating caufe? Anato-.
my gives us bqt listle light into this fubject, uplgfs_
we, ;ﬁight L_ak& fg;fl exam PIE: tTlgﬁﬁ_[iﬁf:ﬁ, jw-hi_{.:,h
are-both very. thin and very irritable. What.

would induce me, to adopt th‘i'éulgigp_thqﬁ_s, Isthc
reas Irrirahility, which is obfesietsin, the iniely
tines, which have only few.nervgsybut thefe yé;,
rymuch expofed. . Lo, convigeg ghrielves haw.
much this; circupflange increales the fenfibiligy,
we need only examine the {ymptoms which arife,

when the mucys of the bladder dnd aretbrais abrad-.

el and of the inteftines, Whep upon being de-

u
@ b Pag 3&11" fidug v [ 992
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prived of their mucus, their naked villous mem-
brane oozes out blood. .But it is difficult to
fupport this {yftem by anatomical faéts; for fo
far from being able to demonttrate, that - the .
laft. ramifications of the nerves are extremely
expofed in the heart, we find it difficult to dif=
cover their principal trunks. Befides, of all
animals an eel appears to me to have the heart .
and other mufcles the leaft capable of irritation.
From all thefe experiments collected together
it appears, that there is nothing irritable in the
animal body but the mufcular fibre, and that the .
faculty of endeavouring to- fhorten itfelf when
we touch it is proper to this fibre. From the-
{ame experiments it l‘ikcwiﬁe follows, that the v_i-‘- |
tal parts are the moft irritable; the diaphragm
frequently maves after all the other mufcles.
have ceafed, the inteftines and ftomach move ftill-.
longer, and laftly the heart continues its moti-
ons after all the other parts are quier. - This fur, ,
nithes us with a diftin& character between rthe ;
vital organs and, the others, iz, the firft, be-.
ing extremely irritable, require anly a weak fti-,
mulus to put them ip, motion, whereas theothers;
which.are.endowed, yyith very, Jictle Irricability,:
are not to _.bg,:_ny}tedﬁ ut by tj:;e '_dc‘]{grm_inatizqm '
to thewill, or,by very ftrong irritations, theap: -
plication. of which is capable o __\prg.drgpip%i%x
them violent eommotions, known, by the name |
of convulfions. - - R A
' JESCTARE ¥ ’ MY & MW - 23 00Ds
I fhall eafily prove, that this power of pro-
ducing motion is different from 41l the ‘other pro-
ok L L Perti’:g
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perties of bodies*. Elafticity, which feems to
have the moft refemblance to the other, differs
from it in this, that itis proper to dry fibres, in
which ftate they are deprived of all Irritability,
as eafily appears upon drying a frog. Befides
elafticity is the property of hard bodies, and Ir-
ritability of the fofteft. The polypus is {o irri-
table, that though it has no eyes, the light af-
felts it very fenfibly. Gelatinous animals are’
extremely irritable, but far from being elaftic.
Dr. WayTtT? adds, that the motion of the heart
ceafes and is renewed fpontaneoufly, which is not”
obferved in any elaftic fibre, and upon pricking
fteel with a needle you produce no irritation in
it. Dr. BarTie? hasobferved, that Irritability
is' Tefs confiderable in old fubjects than in young,
althiough the fibres of the former are more elaf-
tic'than of the latter. :
But the mufcular fibres being compofed of
earthy particles and a glutinous mucus, it may’
be'afked in which of thefe Irritabilicy recides. It
appears moft probably to recide in the latter, be-
caufe this when it is pulled endeavours to fhorten
itfelf; whereas on the contrary, dry earth never
changes its figure of itfelf, and being extreamly
brittle, when its parts are feparated, they con-
ftantly remain fo. This opinion is ftrengthen=~
ed by obferving that children, in whom the mu-
cus predominates, are much more irritable than
adults ; which is evidently proved from the quick-
:1’ ZIMMERMAN in addend. Ogper p. 7. 7 P. 231, &,
# De princip. anim. p, 34.
nefs
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nefs of their pulfe, which vibrates one hundred
and forty times in a minute, whereas in old per-
fons the vibrations are not above fixty or fixty-
five in the fame fpage of time. Farther, the
moft folid and earthy parts of our body, viz.
the bones, teeth and cartilages, are void of Ir-
ritability, and the moft irritable parts are de-
prived of that quality, only by robbing them of
their mucus by drying. . -

We fhould next inquire how this mucus, pro-
duced from infenfible lymph, can become irri-
table, Dr. WHyTT, and the followers of Stuar,
alledge that it is owing ta the foul, which being
fenfible of the touch, contraéls the fibres that are
touched, and pulls them back, to prevent their
being injured. -

However {imple this theory may be, and howe-
ver commodious for difembarraffing us from feve-
ral difficulties, yet itis not agreeable to the phz-
nomena which are obferved. For in the firft
place Irritability differs intitely from fenfibility,.
and the moft irritable parts are thefe, which are
not fubject to the command of the foul, which
ought to be quite the reverfeif the foul was the
principal of Irritability. In the fecond place,
Irritability continues after death, and parts quite
feparated from the body, and intirely infenfible,
after the heart is taken out, and the head is cut
off, remain flill irritable. There is nothing more
common than. to fee the heart of a frog bear,
and the muicles remain irritable, after the head
has been cut off, and the {pinal marrow taken

out,
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out.  Dr. WuyTt™® fhuns this difficulty with
great addrefs by “faying, that the time of death,
is very uncertain, and that fr:qucntly an ammal
has life ftill remalring, after it has- been look-
ed upon as - ddad for fome time; and this he’
proves by the example of perfons who have been’
drowned, and thtjft whn fall into _/jwropa.r
But'as'it is'ertain that the feat of the foul is in
the head, and that it has no ¢command over the’
reft “of 'fhe'bo'djr, after the nerves have been
cut or deftroyed’ and farther, as the Irnfablhty;’
remains intire a'i‘téi"fht head is lopped off, or the
nerves cut through, it dppears that this quality
fHill “fubfifts after th-: feat of the foul is re-
moved, 'or its commerce with the body quite in~
tercepted and therefore it does not’ d-.':pend up-
onthefoul. This is {o evident that it is need-
lefs to ‘add, that Imtabrhty 4cts withiott the foul
being fenfible of it, dnd that it'fsmot’ fubject to-
the command of the will, both Wl‘iiﬁh are prov-
ed by the exdmple of tht: heart, " T'6'avoid the
cﬂnﬁtqu‘cnces of 'this umél‘ﬂf‘ “the’ aﬂhmmﬂ’ts
are [dbhgéd to mti-dcﬁfce an m{%ni‘ ble” fenfation,’
and mvulunthrj* 2&s7of 'the will, 't at is;’m 'ﬁ)‘,
to ddmit contradiftof rdpdﬁtirjn‘é

Wh%r'rherefmel Fﬁ‘hlﬁdt’t usFom- trrzntn
ing J.Hn?aﬁhfy Bt t’y‘ dfefhéﬁlm}nal
g‘?ﬂff.’f the famn 35" we 519: ‘WTEt:T&b‘} %ttfﬁéﬁoﬁ
and ‘gravity to be propertfes of matter'ifi general,’
without bem “able ‘toe’tcfetenn"fﬁe “fhe caufe U?'
t{mﬁ‘i *Eﬂpenments hidve taug sht tﬁ‘thﬁ cmi’cenct

1 WO : "P 36p139r &,r U2 1
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of this property, and doubtlefs it is owing to-
a phyfical caufe which. depends upon the ar-
- rangement of the ultimate particles, though the.
experiments that we can make are too grofs to
inveftigate them. PPESTR g .
Irritability is_deftroyed by. drying, by the
congealing of the fat, but efpecially by the ufe
of opium in a living animal. This medecine
deftroys fo effectually the periftaltic motion of
the inteftines and ftomach, that it cannot  be
revived again by any irritation. I have feen it
mylelf, and Dr. Kaav Boeruaave® has obferv-
ed the fame thing before. Once however in 2
cat I found opium not capable of {ubduing the
periftaltic motion. It has the fame efficacy in
deftroying the periftaltic force of the bladder ;
nay in a frog I have feen it deftroy | the peri-
ftaltic motion and irritability of the inteftines,
and the convulfive force of the nerves. ADE.
Whuyrr fays, that ic likewife deftroys the Irri-
tability of the heart, but that I could never
difcover ¢, f
To conclude, Some celebrated authors hav-
ing afierted that Irritability was a property un-
known till now, and having given me the ho-
nour of the difcovery, while others have nei-
ther looked upon it as new, nor really exifting,
I have thought proper to add a fhort hiftory
of it here. Some obfcure experiments which
offered themfelves naturally have been

* In impetum faciente Hirrocratico,
e Y T
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in all ages, and Virciv has obferved the trem-
bling of the flefh cut off from the body immedi-
ately after death, but I don’t fee that the ancients
have tried any experiments to irritate the fibres
and renew their motions. Francis Grisson?,
who difcovered the aétive force of the elements
of our bodies, was the firft who invented the
word Irritability, which he attributes to a naru-
ral perception, that is not accompanied with any
fenfation, and depends upon Archzus who is
the framer of his own body®. He diftinguithes
it into two forts, the one of which depends
upon the external fenfes, and the other upon
the internal appetice’. He likewife mentions
fome facts to prove, that this motion is pro-
duced independent of fenfation, that after death
the fibres contraét upon being touched with acrid
and pungent liquors; nay he makes this proper-
ty fo general, as to allow even the bones and
human juices to be irritable®. He likewife di-
ftinguifhes the différent degrees, and amongft
the reft that exceflive Irnta.bzllt}, which BosRr-
HaAVE called pmﬂmf"

BerLini® mentions a watural famraﬂmx, and
explains mechanically how acrid bodies, which
might irritate the fibres, are repelled by means
of this property, and thence he accounts how
irritating fubftances may occafion contractions
of the mufcles, accelerate the motion of the

4 De ventriculo & inteftin. c. vii. * N. 6. f N. 11.
8.0, 1. M5 o G i de Stimulis amongft his
opufeala and in his book de fanguinis miffione.

blood,



(63)

blood, occafion an inflammation, produce a rea
vulfion, or fome certain evacuation. But he
does not confirm thefe opinions by any expe-
riments. BacLivi® by his experiments has
approached nearer to a difcovery of it. He
obferved pieces of the heart without the affift-
ance of any nerve, tremble and ofcillate, and
preferve their alternate motion of contration
and relaxation' ; and he has remarked, that the
mufcular fibres contract themfelves upon being
touched, without the foul’s having any fhare in
it, or even being fenfible of it™,

Since that time all the followers of Stant
have enlarged much upon the tone and natus
ral contraction of the fibres, but they attri-
‘bute it to the foul, and as they have always
had an averfion to anatomy, they have made
no experiments to illuftrate this quality.

Dr. Bozruaave® has acknowledged an ac-
tive force in the heart, and a latent principle
of motion in the pieces of it which are cut;
but as he attributes the caufe of mufcular mo-
tion to the nerves, this proves that he did not
fufficiently know, that the caufe of this motion
was in the mufcles themfelves, that the nerves
had no other office but to fubje@ them to the
will of the foule, and that they could indeed
increafe or diminifh it, but were not the caufe
of it, becaufe it is extended far beyond the
nervous fyftem, and we meet with it in in-

kiﬂf fibra matrice & morbofa. 'P. O e JETY
* Inftitut. rei med, n, 187. not. 1, 11. °J} n, 402

{elts
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fe&ts which have not even a head. We find a
number of curious experiments upon this fub-
je&, in Dr. Woopwarp’s pofthumous fupple-
ment, publithed by HorLoway. Dr. STEwarT?
has likewife obferved feveral very ufeful faéts,
and he formerly remarked, that the fibres pre-
ferved their irritability after the nerves were
detached from them.
~ We find fcattered in feveral other authors, a
good many things relating to this fubject,
which feem rather to have been dropt accident-
ally than wrote on purpofe.
"~ In my commentaries upon BOERHAAVE’s?
Inftitutions, publithed in 1739, I have exprefl-
ed myfelf as follows, W herefore the beart is mov-
ed by fome unknown caufe, which neither depends
upon the brain nor the arteries, but lays concealed
in the very fruffure of the beart itfelf. 'The
nature of the thing obliged me to differ in opi-
nion from my preceptor. Three years after-
wards 1 publifhed the following dottrine”, wviz.
That all animal fibres when they were irritated
contrafied themfelves, that this charatter diftinguifb-
¢d them from thofe of vegetables; and that the per-
petual irritation alone was the caufe of the con-
tinuation of motion in the vital organs, while the
animal organs ceafed to aff. In my abridge-
ment of the phyfiolo oy’ 1 have pofitively a-
fcribed the motion of the heart to the force of

P De mot, mufcul. p. 13. 1 Ad. n. 187. Inflit. rei
med not. i. 11. “Tom. 4. pag. 586. ann, 1743+
¥ Amn. 1747. n. 113. pag. si.
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a flimulus; and in the fecond edition, . I have
been more explicit on: the Irricability of the,
mufcular  fibres'; aflferting that it/ was in=.
dependent of the nerves, and, ofjevery other
known property. If any perfon denies the truth
of this affertion, I fhall be glad tobe inform-
ed by him, what the property is upon which
that motion depends. Since that time, nume-
rous experiments made upon living animals,
had convinced me of the truth of the doétrine
above advanced. . :

It gave me no fimall pleafure to fee, that al-
moft at the fametime Dr.pe GorTER ® publithed
feveral obfervations to the like purpofe; and
that the celebrated Dr. WinTER; phyfician
in ordinary to the houfe of Orange,; in an oras
€ion de certitudine in medicina pmfrmz attributed
all the motions of the human body to the Irri-
tablht of the fibres, and the force of a Simulus;
Theﬂ: two famous phyficians have been follow-
ed by feveral others. Dr. KaauY, nephew to
the great Boeru4avE, has made a great num-
ber of experiments, although with another view ;
and not long ago the celebrated Dr. WH‘:’TT_
has attributed all the motions of the human
-body to the force of a fimuius ; but with this
difference between him and the others, that
he imputes Irritability to the foul, which feel-
ing the impreflion of the irritation, occafions

“N. 408, p. 23z, * Exercitat, de mota vitali,
* Francker 1746. fol, ¥ De impet. facicat Hie-
POCRAT, ’ Of vital motjons, Edinburgh 1751. 8.
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the contralion of the fibre. I cannot help
complaining of this gentleman’s want of can-
dour, both with regard to myfelf, and to feve-
ral others, feeing he never mentions me but
when he wants to criticife me, and has adopted
feveral of my ideas, without mentioning whence
he had them. He has made but a fmall
number of experiments upon dying animals,
which he has publifhed with a view to {upport
his fyftem, but they have not been often enough
repeated to be eftablithed as certain, and {ome
of them are contradited by thofe which I
have made.

Two of my pupils, Drs. ZimMERMAN and
Ot:pERr, havehitupon the proper method of arriv-
ing at the knowledge of this property, both thefe
gentlemen endeavouring by experiments to ex-
plain this quality of a fibre, as a law of na-
ture refembling attralion, without entering
into ufelefs refearches in theory. CasTEL has
likewife confirmed the experiments upon fenfi-
bility. The deceafed M. -De La MeTTR1E® has
made Irritability the bafis of the fyftem which
he advanced againft the fpirituahty of the foul;
and after faying that Stanr and BOERHAAVE
knew nothing of it, he has the modefty to af-
fume the invention ‘to himfelf, without ever
having made the leaft experiment “about it.
But 1 am certainly informed, that' he learnt
all he knew about it of a'young Swifs with whom
I am not ‘acquainted : who' never -was ‘my

* L'Homme machine n: 18. 22,
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pupils nor is he a phyfician, but he had read
my works, and feen fome of the famous AL~
BINUS’S experiments, and upon thefe La MEgT-
Tr1E founded his impious {yftem, which my
experiments totally refute. For if Irritability
fubfifts in parts feparate from the body, and
not {ubject to the command of the foul, if it
refides every where in the mufcular fibres, and
is independent of the nerves, which are the fa-'
tellites of the foul, it is evident, that it has no-
thing in common with the foul, and it is ab-
folutely different from it; in a word, that nei-
ther Irritability depends upon the foul, nor is
the foul what we call Irritability in the body.

SurPLEMENT by the AuTHoR,

Having feen, fince the publication of my
effay on Irritability, M. Le Car’s objec-
tions to what I had advanced, in a paper
which he fent to the Royal Academy at Ber-
lin®, I thought it incumbent upon me to an-
fwer it in a few words.

I do not know what motive could en-
gage this author, or M. DeL1us, to refute me
before I had publifhed my opinion. They have
either laid hold of fome thefes of my pupils,
or expreflions which have efcaped me in fome
letter to a friend. This is certainly the
cafe with M. Lz CaT, and both of them might

*.At the end of an effay upon mufcular motion,

G 2 have
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have fpared a great part of their criticifin, if
they had only waited till the publication of my
treatife,

"In my firft eflay upon this fubject, I in-
quired if the dura mater or tendons were irri-
table, if they contract, when any external vio-
lence is applied to them, and if in effect they
can a& like mufcles. This enters eflentially
into BacLivr’s fyftem, and I plainly aver the
contrary. All the animals which I have exa-
mined, have the dura mater {trongly attached to
the cranium, and when it is detached fromit, it is
always void of motion. In vain do we attempt
to irritate it with a knife, needle, or corrofives
more or lefs gentle; there is thereby no com-
motion raifed in the animal. The fame is the
cafe with the pia mater likewife. In M. LeCaT’s
experiment, the application of {pirit of wine is
{carcely felt in the dura mater, whereas it pro-
duces a very violent pain in the fkin; which
fhews that the firft has no fenfibility when com-
pared with the fecond. Upon irritating the
medulla of the brain, and thart of the fpine, con-
vulfions are thereby quickly produced ; where-
fore the caufe of motion is in the medulla, and
the meninges have nothing at all to do with it.

The fecond dotrine which T have advanced
is this, wiz. that wounds of the perigffeum,
tendons, ligaments and dura mater, do not hurt
the animal, and are cured without any acci-
dent. The experiments which M. Le CAT has
recourfe to againft me are of no fignification.

They
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They are vague and inconclufive. He muft
produce patients where a tendon, ligament, or
one of the meninges, has been indifputably and
fingly wounded, and where troublefome acci-
dents have enfued thereupon. What he fays of
the dura mater®, is explained by the compref-
{ion which is produced in the brain, in confe-
quence of that of the meninges. When we
{eparate the dura mater from the cranium with
the finger, the animal complains, even a mo-
derate compreffion of the brain makes it fuffer,
and if it is pretty ftrong, the animal falls afleep.
In the patient named CrermonT, whom M. LE
Cat® mentions, the optic nerve was hurt, as
he himfelf owns, and it is very difficult in a cur-
fory diffection to know, whether in the one called
Courver, the nerves of the eyes, and efpecially
thofe that creep in the bottom of the orbit,
towards the temples, were really preferved.
The fpafm may have caufes not to be penetrated
into by our fenfes, and founded upon the moft
delicate ftructure of the nerves. The hyfteric
tetanus, and that in animals which have been poi-
foned, confirms this opinion, and the obfervation
of M. Le Car® proves abfolutely nothing
at all, feeing it does not exclude this dif-
order, which is too deep feated to be vifible.
The hiftory of Percueriz® ought not to be
produced againft me, feeing this patient had
pus in the ventricles and under the &afis of the
brain, which is more than fufficient to occafion
R Wk We PR
G 3 _ 2
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a delirium. In order to refute me, M. rg CaT
muft bring experiments fuch as mine; the
dura mater irritated, and convulfions there-
by produced ; the tendons pierced and wound-
ed, and the ligaments pricked or burnt,
and followed by violent fymptoms. But no
fuch experiments can be produced ; nature
is too conftant, and I have feen her att
too often to be deceived in this point. Neither
fhould the difference between man and brutes
be here quoted agairft me; for if wounds ‘of
the tendons had any influence upon their motion,
a kid, a rabbit or a dog would not be able to
leap. up on a chair, immediately after the ‘fendo
achilles; had been pierced,  cit, or deftroyed®.
Laftly, 1 have faid, that the tendons, peri=
offéum and dura mater are all infenfible. 1 am
not the very firft who has advanced this truch,
and I have quoted obfervers, who*having no
fyftem to defend, had remarked the fame thing
before me. M. LE CaT mentions no experi-
ments againft me here, but with regard to the
dura mater”. He relates that one, named Frzuri,
complainéd upon his: prefling this membrane
with a crotchet ; and that another wounded pa-
tient, called MaBIrE', was fenfibie of the motion
of a tooth-pick upon the dura mater, that he
felt the application of fpirit of wine®, and the
action of the furgeon who walhed the wound';
and confequently that the dura mater muft ei-
£ See the thetis of Dr. CaSTEL. : ¥ Ry
LP. 124, S P 1, LPii g ;
ther
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ther be almoft cartilaginous, or offified, in thofe .
{fubjects which do not feem to have any fenfation
in this membrane. = It even appears by his own
expreflions, that he has feen examples of this
infenfibility™. - |

sl i nlasionts inbned fcratched, burnt,
and cut the dwra mater, in-1 don’t know
how many different animals, without their
ever complaining, and they have feemed to.
feel ftill lefs the fpirit of wine, which is infi-
nitely lefs. active than the butter of an-
timony or {piric-of nitre. Young animals have
fucked, or lapt milk, during the tearing of this
membrane, without feeming at all fenfible of
what was a doing. It is abfolutely impoflible
toimagine thatche dura mater thould be cartilagi-
nous, or almoft bony, in young healthy animals.
The fame animals were very fenfible when the
fkin was pinched or pulled, which they difco-
vered by making a noife, and endeavouring to pull
away the part. The experiment has been made
upon animals fierce and impatient, fuch as cats
for example, which become furious when they
find themielves in danger and pain, nay, the
fame experiment has been tried upon man,
and M. ELrer has confirmed the truth of this
dotrine at Berlin, upon the dura mater of a
man, which had been laid bare by a carjes. If
the wounded perfon mentioned by M. Lg
Car felt the preflure, it was no more than
brutes themfelves are fenfible of; they feel

™ Page 129, near the bottom, |

G 4 © very
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very well the detaching of the dura mater,
and the finger refting upon it; as I juit now
réemarked. It might not even be impofiible .
for very penetrating remedies' to act beyond
the dura mater, as cold water and acids affect
the nerves ‘of the teeth, through the nervous
and bony fubftance which 'intervenes. But'1
have never obferved this fact to happen, ‘and I
repeat it once more, that the dura mater being
only a cellular membrane, becoming evident-
ly fuch where it accompanics the nerves, and.
having no nerves itfelf, it cannot be fufcepn |
ble of any fénfation, - ’

I have only one word more to add, which:
is, to entreat phyficians and furgeons, to
lay hold of all opportunities. of inftructing
themfelves with regard to the infenfibility of
the perioffeum, tendons, ligaments, and mem-
branes of ‘the bfain. Such opportunities muft
frequently enough occur, and after they have
Jaid hold of a tendon with a pair of forceps,
as I have done that of the flexor of the third
articulation of the finger, they will find them-
felves emboldened to make experiments, which
are neither attended with danger nor mmnve-
niency to the patient. ;

Allow me to add here that M. La MurE pub-
lithed in tome 1749, of the Memoirs of the Reyal
academy of arts and [ciences at Paris, an . efiay
concerning the motion of the brain, analogous
to that of refpiration, which was read the 7th
of Augu*’c 1752™, This of mine was read before

* Posaa, thc
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the royal fociety at Gottingen, the 22d of April
and 6th of May 1752. Hence you fee that it was
publithed previous to M. La Mure’s experi-
ments, and it is plain that mine are anterior to
his, feeing they are quoted by him®, and [ was en-
tirely unacquainted with thofe which he had
made. Envy takes a pleafure in- laying hold
of" flight oceafions of detraction, and an effay-
wrote in 1752, but publithed in the volume
of 1749, might furnifh occafion for it in this
cafe; and it would not be agreeable to be
thought to have copied afer another, when a
perfon has followed nature alone. Berwn 10th

Sept. 1754. ' ]

" Memoirs of ' the academy 1749, page c42, 1
communicated “them in a letter wrote to M. pg
Savvage the beginning of January 1752, who fent me
an anfwer as follows, dated March 1, 1752, The dog
was trepanned, and we obferved a wery confiderable mo-
tion of the brain, exaltly like that which you deferibed
in your letter to me.  In order to .be certain awhe-
ther it is the veflux of the blood avbich caufes this eleva-
tio during the time of expiration, M. La Mure opened
more thau ten dogs : In foort awe bave found the cafe to be

exallly as you deferibe it, and I am extremely obliged to you
for communicating this difcovery.

AN
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AN

e

"Causk of the MoTIoN

s ST O« g S L

Read November 10th, 1751%,

. Lthough this effay is but fhort, yet it

will have its ufe; fecing you will find
an experiment in it which I have made feveral
times, and which proves that the motion of the

* Although this eflay is independent of that which
was read before, and even appeared fooner; yet as it con-
tains experiments upon the Irritability of the heart,
which determine the caufe of thefe motions, I imagine
it will be agreeable to the reader to fee it fubjoined to
the preceding, feeing both may be confidered as pieces
belonging to the {ame fubjett, which reciprocally efta-
blilh each other,

heart,
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heart, by perpetual alternate contraftions and
relaxations, depends upon irritation, occafioned
by the veinous blood which is fent thither, All
the explanations which have hitherto been given
of this phzenomenon, are deftroyed by the hu-
man or comparative anatomy.

We know perfectly well that the right ven-
tricle, andefpecially its auricle, are thelaft parts of
the body which preferve any motion. Garex °,
Hervey?, and Borruaave9d, were convinced
of this by experiments.

I have long fufpected®, that the continuance
of this motion depended upon the blood, which
the vene  cave, contra@ted by the cold, and
comprefled by the palpitations and weight of
the mufcles, fend continually to this vencricle 3
whereas the lungs of the dying animal, being
motionlefs and collapfed, no longer admit the
blood by the pulmonary artery; and that all the
quantity which its contraction can force into the left
auricle, is too inconfiderable, compared with
that which returns from the whole body to the
right auricle, to produce a fenfible effect. It
may therefore be affirmed, that if the right
ventricle and auricle, move longer than the left
auricle, itis becaufe the veinous blood is fent

longer thither.
1 determined to confirm my conjecture by
experiments, and in order to this, it was ne-

? Admin. anatom, lib. 7. c. 135, P Difs. 1. p.
39. 44, e, 9 Infie, rei med. No. 159, * Commen-
tar,in Boewr, ¢. 4. p. Gog, prim. lin. phyf, No. 13,
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ceffary, if poflible, to prevent the entry of the
blood into the right ventricle, and if by this
means its motions were ftopt, that was a proof
that they actually depended upon the accefs of
the blood.

I attempted this experiment at firft by liga~
tures, becaufe 1 remembered to have read in
BarTroLIN, and BercER®, that the tying of
the veins makes the motion of the heart ceafe,
and that it begins again when the ligature is cut:
and HervEey fays that he has made the fame
experiment upon a ferpent *.

But the experiment done ‘in this manner: did
not fucceed, becaufe as long as the animal is
ftill warm, the blood contained in the right au-
ricle continues to move it, though there is none
fent to it by the vene cave ; and after having
tied them in three young cats, the motion of
the blood continued as before.  The fame thing
happened to BLaxqQuET, in the experiments re-
lated by Dr. Senac™

This made me refolve to {lit both the cave 3 I
fhould have cut them quite off, if I had not
been afraid, that then the ceflation of the mo-
tions of the heart, would have been attributed to
the want of its neceflary fupporters. After
having {lit them, I emptied them of:all their

blood, and tied them. I nextemptied the auri-
cle; and then the fuccefs of the experiment
i otk Was

f Anat, p. 379. t De nat. hum. p. 62, 63. 306.
See likewife D. Soxcrroos de ceconom. corp. 66. 69,
*L.C.p. 99  * Trait. du Ceour t. 1. p. 449,
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was always conftant. As foon as I had freed
the auricle of all its blood, and prevented it
from receiving any afreth, immediately its mo-
tion entirely ceafed. As it is more difficult to
empty the ventricle than the auricle, and as it
yields to the impreflions which are communicat:
ed to it by the left ventricle, I fometimes obferv-
ed there a gentle motion, but incomparably
weaker than that, which it has when it receives
the blood from its auricle and the vene cave.
But there {till remained a more authentic ex-
periment for me to make.  In the natural ftate,
the right ventricle moves longer than the left;
becaufe, as I faid before, it receives the veinous
blood longer than the other. To prove to a de-
monftration that the blood is atually the caufe of
the heart’s motion, there is nothing farther required
to be thewn, than thatif the right ventricle and its
auricle are deprived of the blaod, while the left
ventricle is not, the firft immediately lofes its
motion, while the other ftill continues to aét.
In order to fucceed in this experiment, the
right ventricle muft firft be perfectly emptied, by
opening the pulmonary artery and vene cave,
and the emptying of the left ventricle prevented,
by tying the corfa; and after this is done, we
muft examine narrowly, if the motions of the
right ventricle ceafe, and if the left and its au-
ricle continue theirs. -
After fome attempts, which the difficulty of
fo delicate an undertaking; and the fudden death
2 yirl wwof
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of the animals rendered fruitlefs, the experiment
at laft fucceeded to my with; wiz. the right au-
ricle remained perfetly quiet, and its ventricle
preferved no other motion than that which was a
neceflary confequence of the connettion of its fi
bres with thofe of the left ventricle, and which
pulled the external parietestowards that which fe-
parates the two ventricles from-each other. The
left auricle preferved its motion for a certain
time, the left ventricle ftill longer; and I have
{fometimes.obferved this laft contraét two hours
after the other hac ceafed.

When 'the experiments {ucceeded exattly, the
‘blood mounted from the point to the bafis of the
left ventricle, -and defcended again from the ba-
fis tothe point, and then the left ventricle, as
long as /it preferved any motion, appeared like-
wife to defcend. Atother times, as I have feen
in a kid, it'had no motion atall. This experi-
‘ment fucceeded beft when the left auricle empti-
ed itfelf freely into the ventricle, and the paflage
of the ‘blood from the wventricle into the aorta,
which was tied, was intirely ftopt. The point of
the left ventricle was always the part which pre-
ferved its motion the longeft. By this means the
property of being the laft living part of the bo-
dy, is transferred from the right ventricle to the
Jeft, by preferving longer in the laft, the irritati-
on produced by the contact of  the blood.

A new force may be given to this experiment,
'by trying to blow into the right ventricle; by
'which irritation its pulfations are renewed.

2 Farther,
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Farther, I have always remarked, that the
internal furface of the heart is much: more irri-
table than the external. For when I irritated
this laft with the ftrongeft poifons, the motion
thereby communicated to the heart foon ceafed;
whereas the irritation communicated to the in-
ternal furface, by means of air alone, has occa-
fioned, efpecially in frogs, and even in cats, mo-
tions which fubfifted a very long time, even af-
ter all the parts were quite cold.

I have repeated this laft experiment nine tines,
viz. of preferving the motion of the léft ven-
tricle, after all the other parts were deprived of
theirs; feven times upon cats, and twice on
kids. The violent ftruggling and agitation of

dogs, render them 1mpraper fubjeéts for this
purpofe.

g1 N 1.8,












