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no t  coilfilled t o  its use as  a n  article of diet, because 

for all l,urposes for whicll water is elllploye~, 

it is, t he  bet ter  it is adapted  for use. 


THE CONNECTION OF THE ~ , I O L O G I C A L  

SCIENCES W I T H  MEDICINE.:" 


By T. H. HUXLEP,LL.D. 

"The  great man whose name is illsel,arably connected 
with the foundation of ~ i ~ ~ , 
knew very llttle-indeed, practically nothing-ofanatorny 
or he would probably have beell per-
piexed even to  imagine the possibility of a be-
tween the zo610gical stud,es of his D ~ -

" Thanlts to the intiillate alliance of morphology with 
medicine, the natural history of disease has, at  the llres-
ent day, attained a high degree of perfection. Accurate 
regional anatomy has rendered practicable the esploration 
of the most hidtlen parts of the 01-ganisin, ant1 the tleter-
mination tluring life of inorbid changes in them ; anatorni-
cal and l l i s t o l ~ ~ i c a l  investigations have sup-post-mortem 
plied physicians \\-it11a clear basis upon which to rest the 
classification of tliseases, ant1 \\it11 unerring tests of the 
aCCUraCy or inaccuracy of their tliagnosis. If Inen coultl 

~ ~ ~ ~ t ~ ~be satisiietl \vith pure linon-letlge, the estreine precision 
wit11 which, in these days, a sufferer may be toltl what is 
happenii~g,and what is likely to happen, eIren in the most 
recondite parts of his bodily frame, shoultl be as satisfac-
tory to the patient as  it is to the scientific pnthologists 

mocritus, and medicine. ~ ~ ~ - ~ ~ t h ~ l ~ ~ ~ ,so far as lie ~ 1 1 0gives him the inforination. But I am afraid it is not;in 
those who worked before and after hirn in the same ant1 even the practising physician, while nowise underes-

spirit ascertained, as matters experience, that a WoU1ld t i~natingthe regulative value of accurate diagnosis, must 
or a luxation, or a fever, such and such often lanlent that so much of his knowledge rather pre-
symptoms, that the return of patient to health vents him from doing wrong than helps hiin to (lo right. 
was facilitated by such and such measures, estab- A scorner of physic once said that Kature and disease 
lished lalvs of pqature began the construction of the 111"~ be comp:iretl to two men fighting, the tioctor to a 
science ofpathology. ~ 1 1  blind Inan with a club, who strikes into the fiziZCe some-t rue  science begills \vith eml,iri-
cism, though all true science is such exactly i n  so far as it times hitting the disease ant1sorneti~neshitting all Nature. 
s t r ives  to pass out of the elnpiricai stage in to  that of The  matter is not inended if you suppose the blind man's 

hearing to be so acute that he can register every stage ofclecluction empirical froill more general truths.  ~ t , ~ ~ ,  
it is not ~,,,ollderfu~that the  early physicians had little or 
nothing to with the development of biological science ; 

on the other hand. that the  early biologists did not 
much co,lcern themselves with l-llere is noth-
ing to show that the  ~ ~ ~ took ~ ~ il any  prominent 
share in the work of founding anatomy, physiology, zo6-
logy anti botany. ~~~h~~do these seem to have sprung 
from the early philosophers, who essentially natural 
philosophers, animated by the characteristicaily ~~~~k 

for knowledge as such. pythagoras, ~ l 
~ ~~i~~~~~~ of ~ ~ ~ l l ~ ~ i ~ ,~ ~~ are all credited 
anatomical phpsiologica, inlrestigation ; and though 
~ ~is i ~ ~ ~ ~ ~falllily, ~to have belonged to an ~ 
and not improbably owed his taste for anatoillical and 
zo~logical inquiries to the teachings of his father, the  

' 

the striig-gle ant1 pretty clearly predict holv it will end. He 
l ~ a dbetter not inetldle at all until his eyes are openetl--until 
he can see the exact position of the antagonists, antlmalte 
sure of the effects of his l ~ l o ~ v s .IJut that ~vl~ic l lit be-
hooves the physician to see, not indeetl with his bodily~ d ~ 
eye, but with clear intellectual vision, is a process, anti 
the chain of causation involver1 in that process. Disease, 
as we have seen, is a perturbation of the ~lornlalactivit~es 
of a living body ; anti it is and nus st remain unii~telligible 
SO long as we are ignorant of the nature of these normal~ ~ ~ ~ ~ ,
activities. In other wortls, there coultl be 120 real science~ i ~ ~ ~ ,
of pathology until the science of physiology hat1 1-eaclied 
a degree of pel-fection unattainetl, ant1 intleed unattainable,l ~~ ~ ~ i ~ d 

quite times. 
"So far as  medicine IS concei-netl, I an1 not sure 

that  physiology, such as  it clown to the time ofphysician ~ i ~ the ~~ ~ i ~ ~ ~~ ~ i ~h ~ ~~ ~ ~ ~l , ~ i ~ ~ wasand ~ , ~ 
the treatise nepartibus ~ ~ , i ~ ~ l i ~ ~ , ~Harvey, might as  well not have existed. Nay, it is, per-

6 are as free froinany 
allusion to medicine as if they had issued from a modern 
biological laboratory. 

~ ' 1 ~  is not see in whatmay be aclcled, that it easy to 
way it coulcl have benefited a physiciall of 
anderls time to know all that flristotle knew on these 
subjects. ~i~ human anatomy was too rough to 
avail much in diagnosis, his physiology was too erroneous 
to supply data for pathological reasoning. But when the 
~ l ~ ~ ~ ~ d and~ H~~~~~~~~~~ atschool, with ~~~~j~~~~~~~ i 
their head, turned to account the opportunities of study-
ing human structure to by the  ptolemies,
the  value of the large amount of accurate knowledge 
thus  obtained to the surgeon for his operations, al,cl to 
the for his diagnosis of internal disorders, be-
came obvious, and a connection was established between 
anatomy and medicine, which has ever become closer 
closer. since the revival of learning, surgery, medical 

haps, no exaggeration to say that ,  within the memory of 
living men, j ~ ~ s t l yrenowiled practitioners of medicine and 
surgery knew less physiology than is now to be  learned 
from the most elementary text book, and, beyond a few 
broad facts, regarded ~ v h a tthey dicl know as  of extremely 
little practical importance. Nor am I disposed to blame 
them for this conclusion ; physiology must be useless, o r  
"OrSe than to pathology, so long as its funds-
~mental conceptions are erroneous. Harvey is of:en said 
to be the founder of modern physiology, alld there can be 
no question that the elucidations of the function of the 
heart, of the nature of the pulse, and of the course of the 
blood, put forth in the ever-memorable little essay, ' D e  
motu cordis,'clirectly worlted a revolution in men's views 

the nature and Of the  concatenation O f  some of the 
physiological processes alllong the  higher 

animals, while indirectly their influence was perhaps even 
more renlarliable. Rut, though Harvey made this signal 

gagni called his great worlc 'ue sedibus causisMar-
borllm per ~~~t~~~~ 1,,dagatis,' ancl showed 
the way to search out the  localities and the causes ofdis-
ease by anatomy, but  himself travttlled wonderfully far 
upon the road. ~ i ~ h ~ t ,  con-discriminatilIg the grosser 
stituents of the organs and parts of the body one from 
another, pointed out the direction wl1ich modern research 
must take ; at length histology, a science of yester-
day, as it seems to of us, has carried the work of 
~~~~~~~i as far as the can take us, and has 
extended the i.ealm of llathological anatomy to the 
of the  invisible world. 

* International bledical Congress London, 1881. 

diagnosis, and anatomy have gone hand in hand, M ~ ~ -
and perennially important contribution to the physiology 
of the moderns, his general conception of vital processes 
was essentially identical with that of the ancients ; and 
in the ' Exercitationes de  generatione,' and notably in the 
singular chapter, ' De caliclo inilato,' he sho\vs himself a 
true son Of Galon and of Arlstotle. For the 
b l ~ @ dpossessespowers superior to those of the elements ; 
it is the seat of a soul which is not only vegetative, but 
also sensitive and motor. The  blood ma~nta insand 
fashions all parts of the body, iLZpz~eszrnzlizd cz~nzpro -
vzir'enlz'a et zitlelZeclzt, ili. finetlz certz~vz ngeelts, gzrnsi 
mtzbci~ttbpzron'ni?~z~teretztr. Here is the doctrine of 
thepnezrmn, the product of the philosophical mould into 
which the animism of primitive men ran in Greece, in 
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lication of the ' Discours ' and the tleath of Descartes, he doctrine of  the c:rculation as propount~ed by t L J ~ ~ ~ ~ ~ ~ ,  

mkdecin d'ilngleterre,] and gave a full accoullt of it i n  his ' tlicl not contribute much to their realization. But for the 

first n70rlt, the falnous ' ~i~~~~~~ de l a  h1btllodc,' which next century all progress in physiology took place along 

Descartes laidwas published in 1637, only nine years after the exercita- lines lx7hic11 

"The  greatest phpsiolog~cal and pathological worlt of tion ' D~ nlotu cordls and, ,hougl1 differing from H ~ ~ -

~. ~ 

full force. Nor did its strength abate for long after Har- 
vey's tim:. T h e  same ingrained tendency of the human 
mind to suppose that a process is explained when it is 
ascribed to a power of which nothing is ltnown except 
that it is the hypothetical agent of the process, gave rise, 
iu the next century, to the animism of Stahl ; and later 
to the doctrine of a vital principle, that nsylz~nz@no-
rn;ztzir of physiolo,~iSt~,  which has so easily accounted for 
everything ancl explained nothing, docvn to our olvn tiinss, 

' 1  iyow, the essellce of modern, as contrasted \+,ith 
ancient science, to me to lie in its 
antagonism to  animistic hypotlleses alld anilnistic phrase- 
ology. ~t offers phq-sical'exp]anations of vital pheIlonlena, 
or  frallltly confesses that  it has none to offer, ~ ~so d 
far as I ltnow, the first who gave to 
this lnodern of physiology, who was bolt[ to  
enunciate the proposition tllat vital Ilke all 
the other phellomena of  the physical world, are in ulti- 
mate analysis, resolvable into matter and motion, was 
~~~k ~ ~ ~h~ fifty-four ~ years~ of life ~ this most ~ 
original and powerful thinker are widely ovzr-lapped on 
both sides by the eight!. of  H ~ who ~ ~ his ~ 
younger contemporary I , ~sevell pears, and taltes ,,leasure 
in acknowledging the ~~~~~h philosopherJs appreciation 
of his great  discovery, fact, ~~~~~~t~~ accell~ed tile 

mechanism must have been supremely ~velcome. Des-
cartes was not a mere philosophical theorist, but a hard-
worlting dissector and experimenter, and he held the 
strongest opinion respecting the practical value of the new 
conception which he was introducing. H e  speaks of the 
importance of preserving health, and of the dependence 
of the mind on the body being so close that perhaps the 
only way of nlaking men wiser and better than they areis 
to be sought in medical science. ' It is true,' says he, 
' that as  medicine is now practised it contains little that is 
very useful ; but w~thou t  any desire to depreciate, I am 
sure that there is no one, even among professional men, 
\vho will not declare that all we kno~v  IS very little as  com- 
pared with that which remains to be known ; and that we,
might escape an infinity of diseases of the mind, no less 
tllan of the botly, and even perhaps the weakness of old 
age, if we hat1 a sufficient knolvledge of their causes and 
of a11 the remedies with which nature has provided us.' * 
SO strongly inlpressed was Descartes with this that 
he resolved to spend the rest of his life in trying tot ~ ~ ,
acquire such a Itnowledge of nature as  would lead to the 
const r~ct ion  of a better ~netlical doctrine.'" The  anti-Car- ~ ,
tesians found inaterial for cheap ridicule in these aspira- 
tions of the philosopher; and it is almost needless to say 
that, in the thirteen years which elapsed between the pub- 

,7ey ill solne important points (in it may be 
in passiug, ~~~~~~t~~ wrong and H~~~~~rigllt), he 

of him \vith Sreat ~ , , dso im-
portant does the subject seGl1 to Descartes, that he re- 
turns to it ill the '~ ~ ~ i ~ , +passions,' and illdes the 
' Trait6 de 1'Homrne.' 

" It is easy (0 see that Harvey's lvorlc must haye had a 
peculiar significance for the subtle thinker, to \vho1n we 
olve both the spiritualistic ant1 the niaterialistic philoso- 
phies of modern tiines. It was in the very year of its 
~ublication,1638, that Descartes withdrew into that life 
of solitary investigation and meditation of ~vhich  his phil- 
osophy was the fruit ; antl, as  the course of his specula- 
tions let1 him to establish an absolute c!istinction of Xa- 
ture between the material and the ~nenta l  ~vorlds, he was 
logically co~lll~elled to seek for the exlllanation of the 
phenomena of the matel-ial \\~orld within itself, and having 
allotted the realm of thought to the soul, to see nothing 
but estension and lnotion ill the rest of Natui-e. Des-
cartes uses 'thought ' as  the equivaleilt of our modern 
tern1 ' consciousness.' Thought is the function of the 
soul, and its only function. Our  natural heat and all the 
moveil~ents of tile hody, says he, tlo not depend on the 
soul. Death does not take place fro111 any fault of the 
soul, but only because soille of the principal parts of the 
I~otly become corrupted. The  body of a living man tliffers 
froin that of a dead man in the same way as  a watch or 
other autoinaton (that is to say, a machine which moves 
of itself) when it is wountl up, and has in itself the 1211ysi- 
cal principal of the movements \vllich the ~nechanism is 
adaptetl to perform, differs fi0111the same watch or other 
machine when it is broken, and the physical l~rinciple of 
its movements no longer exists. All the actions which 
are comnlon to LIS and the lower animals tlepend only on 
the conformation of our organs and the course which the 
aniinal splrits talte in the brain, the nerves, ant1 the mus-
cles, ill the Same TVay as the ~novenlent Of a nratch jS pro-
ducetl by nothing but the force of its spring and the fig- 
ure of its ~vheels ant1 other parts. 

" Descartes' treatise on 'hIan ' is a slietch of human 
physiology in which a I~old attempt is ~nat le  to explain all 

the seventeenth century, Eorelle's treatise ' De motu ani-
malium,' is, to all intents and purposes, a development of 
Descartes' fundanlental conception ; and the same may be 
said of the llll~siology and pathology of Boerhaave, whose 
authority dominated 111 the medical world in the first half 
of the eighteenth century. With the origin of motlern 
chemistry and electrical science, in the latter half of the 
eighteenth century, aids in the analysis of the phenomena 
of ]ife,of lvhicll ~~~~~~t~~ could not have dreamed, were 
offered the ~ , , d  tile greater part of the 

l~rogressn.hich has heen l n a ~ ei n  tile ten-
t~~~~is a justification of the provisions of Descartes. or 
it collsists esselltiaIly ill a more and Inore complete reso-
lutioll of the grosser of tile livillg body illto phy- 
sico-chell,ical ,l,ecllanisms. '1 shall try to explain our 
,hole bodily mac~linesy in a lvay that it n,ill be no 
more necessary for us to suppose that the soul produces 
suc)l n1oJrements as are llot ~ ~thall it is to tllinlt ~ l ~ ~ 
that there is in a clock a \\,hicll causes it to sllow the 
hours, ' t  ~1~~~~ wortls of ~~~~~~t~~ might be al,l)ropri- 
ately talcen as a 1notto by the xutllor of ally modern treat- 
ise ,,, ll~lysiology. 

i c  ~ , ttllougl1, as I tlli1,k, there is doubt that D ~ ~ -
cartes ,,,as the first to propound the fu~ldamental 
coIlcelltioll of the living body as a pl,ysical mecllanism, 

is the distinctive feature of lnoderll as contrasted 
with ancient physiology, he was by the natural 
telllptation to carry out, in all its details, a parallel be-
tween the Inacllilles with w]licll he familiar, such as 
cloclcs alld pieces of  hydraulic and the living 
macllille, all such macl,illes there is a central source 
of ponrer, and the parts of the lllachille are lnerely pas. 
,i,, ~ i s t l . i ~ u t o r s  that llolver. ~l~~ cartesian of 
conceived of tile livillg body as a machine of this ltilld; 
and hereill they llave lea1.ned frolll Galen, 
,x711atever ill lie lllay llave of the doctrine of 

natural had tile great rnerlt of 
llerceivillg that local forces agreat  part in p~lysiology, 
TIle sallle trL1tll \yas recogllizetl by GIlsson, l l~lt  it was 
first prominently broumht forward in the Hallerian doc- 
trine of the 'vis insitat: of muscles. If nluscle can con-
tract without nerve, there is an end of the Cartesian me-

the l)henomenaof life, except those of consciousness, by 
physical reasonings. T O  a lnintl turned in this tlirection 

.-
I

* Discours de la hl t thode.  6mo. partie. Ed .  Cousin. P. rg3. 
Harvey's exposition of the lieart and vessels as  a hydraulic 1, D,+ ~~~~~~~i~~du petus. 
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chanical explanation of its contraction by the influx of 
animal spirits. 

<'The  tliscoveries of Trenlbley tendetl in the same direc- 
tion. In the fresh water Hydyn no trace mas to be found 
of that complicatetl inachinery upon ~vhich  the perfor-
mance of the functions in the higher animals was sup-
posed to depend. And yet the hytlra moved, fed, grelr, 
multiplied, and its fragments exhibited all the powers of 
the v~hole.  And, finally, the mor!c of Caspar F.  Wolff,; 
by tleinonstrating the fact that the growth and develop- 
inent of both plants and animals take place antecetlently 
to the esistence of their grosser organs, and are, in fact, 
the causes and not the consequences of organization (as 
then understoocl), sapped the foundations of the Cartesian 
~hysiology as  a complete expression of vital phenomena. 
For  Wolff, the physical basis of life is a fluid, possessetl 
of a " vis essentialis ' and a ' solidescibilitas ;' in virtue of 
\vhich it gives rise to organization ; and, as he points out, 
this conclusionstrikes at  the root of the \vhole iatro-me- 
chan~cal system. 

" In this country the great authority of John Hunter 
exerted a similar influence, though it must be admitted 
that the too sibylline utterances which are the outcome 
of Hunter's struggles to define his conceptians are often 
susceptible of more than one interpretation. Neverthe-
less, on some points Hunter is clear enough. For  ex-
ample, he is of opinion that  ' spirit is only a, property of ' 

matter '  ('Introduction to Natural History,' page 6), he 
is  prepared to renounce animism (1. c., p. a), and his con- 
ception of life is so coinpletely physical that he thinks of 
it a s  something which can exist in a state of combination 
in the food. ' T h e  aliment we take in has in it, in a fixed 
state, the real life, and this does not become active until 
it has got into the lungs, for there it is freed from its 
prison' (Observations on Physiology,' p. 113). H e  also 
thinks that : ' It is more in accord with the general 
principles of the animal machine to suppose that  none of 
its effects are produced from any mechanical principle 
whatever, and that every effect is produced from an 
action in the part, which action is produced by a stimulus 
upon the part which acts, or upon some other part with 
which this part sympathizes, so as  to take up the  whole 
action'  (1. c., p. 152) .  And Hunter is as  clear as  Wolff, 
with whose work he probably was unacquainted, that  
'whatever life is, it most certainly does not depend upon 
structure or organization ' (I. c. p. I 14).

" Of course, it is impossible that Hunter could have in- 
tended to deny the existence of purely mechanical opera- 
tions in the animal body. But while with Bore111 and 
Boerhaave, he looked upon absorption, nutrition, and 
secretion as operations effected by ineans of the small 
vessels, he differed from the mechanical physiologists, 
xvho regarded these operations as  the result of the me- 
chanical properties of the small vessels, such a s  the size, 
form, and disposition of their canals and apertures. 
Hunter, on the contrary, considers thern to be  the effect 
of properties of these vessels which are  not mechanical, 
but vital. ' T h e  vessels,' says he, ' have Inore of the 
polypus in them than any other part  of the body,' and he 
talks of the ' liviug and sensitive principles of the ar- 
teries,' and even of the ' dispositions or :feelings of the 
arteries.' ' W h e n  the blood is good and genuine, the 
sensations of the arteries, or the  dispositions for sensa- 
tion, are agreeable. . , I t  is then they dispose of 
the blood to the best ahvantage, increasing !he growth 
of the whole, supplying any losses, keeping up a due sue-
cession, etc.' (I. c., p. 133). 

<'If we follow Hunter's conceptions to their logical 
issue, the life of one of the higher animals is essentially 
the sum of the lives of all the vessels, each of which is a 
sort of physiological unit, answering to a polyp ; and, as  
health is the result of the normal '*action of the vessels," 
so is disease an  effect of their abnormal action. Hunter

- 1 -$ Theoris Generationis, 1759. 

thus stands in thought, as  in time, midway between Borelli, 
on the one hand, and Bichat, on the other. T h e  acute 
founder of general anatomy, in fact, outdoes Hunter 
in his desire to exclude physical reasonings from the 
realm of life. Except in the interpretation of the action 
of the sense organs, he will not allow physics to have 
anything to do with physiology. ' T o  apply the physical 
sciences to physiology is to explain the phenomena of 
living bodies by the laws of inert bodies. Now, this is a 
false principle, hence all its consequences are marked 
with the same stamp. Let us leave to chemistry its 
affinity, to physics its elasticity and its gravity. Let us  
invoke for physiology only sensibility and contractility ' * 
Of all the unfortunate dicta of men of eminent abil-
ity this seems one of the most unhappy, when we 
think of what the application of the methods and the 
data of physics and chemistry has done towards bringing 
physiology into its present state. I t  is not too much to  
say that  one half of a modern text-book of physiology 
consists of applied physics and chemistry, and that it is 
exactly in the exploration of the phenomena of sensibility 
and contractility that  physics and chemistry have exerted 
the most potent influence. 

" Nevertheless, Bichat rendered a solid selvice to phy- 
siological progress by insisting upon the fact that  what 
we  call life in one of the higher animals is not an  invis- 
ible unitary archzus  dominating from its central seat the 
parts of the organism, but a compound result of the syn- 
thesis of the  separatelives of those parts. ' All animals,' 
says he, ' a r e  assemblages of different organs, each of 
which performs its function and concurs, after its fashion, 
in the preservation of the whole. They are so inany 
special machines in the general machine ~ 1 1 i c h  consti-
tutes the individual. But each of these special machines 
is itself compounded of many tissues of very different 
natures, which, in truth,  constitute the elements of these 
organs (1. c., lxxix.) T h e  conception of a proper vitality 
is applicable only lo  these simple tissues, and not to the  
organs themselves (1. c., Isxxiu.).' And Bichat proceeds 
to make the obvious application of this doctrine of syn- 
thetic life, if I may so call it, to pathology. Since dis- 
eases are only alterations of vital properties, and the 
properties of each tissue are distinct from those of 
the rest, it is evident that  the diseases of each tissue 
must be  different from those of the rest. Therefore, in 
any organ composed of different tissues, one may be  dis- 
eased and the other remain healthy, and this is what 
happens in most cases (1, c., lxxxv.). In a spirit of true 
prophecy, Bichat says : ' W e  have arrived at  a n ,  epoch 
in which pathological anatomy should start  afresh. For,  
as  the analysis of the organ had led him to the tissues a s  
the physiological units of the organism, so, in a succeed- 
ing generation, the analysis of the tissues led to the cell 
as  the physiological element of the tissues. T h e  con- 
temporaneous study of development brought out the 
same result, and the zoologists and botanists, exploring 
the simplest and the lowest forins of animated beings, 
confirmed the great inductiou of the cell theory. Thus  
the apparently opposed views which ha re  been battling 
with one another ever since the middle of the last cen- 
tury have proved to be  each half a truth. 

" T h e  proposition of Descartes, that  the body of a 
living man is a machine, the actions of which are explic- 
able by the known la\vs of .matter and motion, is un- 
questionably largely true. But it is also true that the 
living body is a synthesis of innu~nerable physiological 
elements, each of which may nearly be described in 
IVolff's words, as  a fluid possessetl of a vis esse?ztthlz's, 
and a soZidescz'6z'Ziins; or, in modern phrase, as  proto-
plasm susceptible of structural metamorphosis and func- 
tional metabolism ; and that the only machinery, ill the 
precise sense in which the Cartesian school understood 
mechanism, is that which co-ordinates and regulates 

* Anatonlie g:nirale, i., p, liv. 
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these physiological units into an  organic whole. Jn 
fact, the body is a machine o f  the  nature o f  an army, not 
o f  that o f  a watch, or o f  a hydraulic apparatus. O f  this 
army, each cell is a soldier, an organ a brigade, the 
central nervous system headquarters and field tel-
egraph, the  alimentary and circulatory system the c o a -  
missariat, Losses are made good b y  recruits born in 
camp,  and the  life o f  the irldividual is a campaign, con- 
ducted successfully for a number o f  years, but  wi th  cer- 
tain defeat in the  long run, 

" T h e  eff icacy o f  an army at any given moment  de- 
pends on the  health o f  the individual soldier, and on the 
perfection o f  the  machinery by  which he  is led and 
brought into action at the  proper t i m e ;  and,  therefore, 
i f  the analogy holds good, there can be only two  kinds o f  
diseases, the one clependent on abnorinal states o f  the  
physiological units, the other on  per~urbation o f  their 
co-ordinating and aliinentative machinery. Hence, the  
establishment o f  the cell theory in normal biology was 
swiftly follo~vecl by  a <cellular pathology ' as its logical 
counterpart. I need not remind you how great an in-
strument o f  investigation this doctrine has proved in the 
hands o f  the  man  o f  genius, t o  whom its dtrelopment is 
due, and who  would probably be the last to forget that  
abnormal conditions o f  the  co-ordinative and distributive 
machinery o f  the body are no less import?xlt factors o f  
disease. Hencefor\varcl, as it appears t o  me ,  the  connec- 
tion o f  medicine with the  biological sciences is clearly 
defined. Pure pathology is that  branch o f  biology which 
defines the  particular pertuibation o f  cell-life, or o f  the  
co-ordinating machinery, or o f  both, on which the pheno- 
mena o f  disease depend. 

" Those  w h o  are conversant wi th  the present state o f  
biology ~vi l l  hardly hesitate t o  admit that  t he  conception 
o f  the  l i fe  o f  one o f  the higher animals as the summation 
o f  the lives o f  a cell-aggregate, brought into harmonious 
action b y  a co-orclinative machinery formed by  some o f  
these cells, constitutes a permanent acquisition o f  physio- 
logical science. But the last form o f  the  battle between 
the animistic and the physical views o f  life is seen in the 
contention whether the physical analysis o f  vital phenom- 
ena can be carried beyond this point or not. 

" There are some t o  whom living protoplasm is a sub- 
stance even such as Harvey conceived the bloocl to be,  
sunznzd CZL#Z $~ovZ'de?ttZ'a et zi~tellecdz~ in fijzenz certunz 
ngem, quasi ratzbci?tzb qzlottan~ ; and who look, with as 
little Lavor as Bichat did, upon any attempt t o  apply the  
principles ancl the  methods o f  physics and chemistry t o  
the  investigation o f  t he  vital processes o f  growth,  meta- 
bolism, and contractility. T h e y  stand upon the  ancient 
w a y s ;  only, in accordance with that  progress toward 
denlocracy which a great political writer has declared t o  
be the fatal characteristic o f  modern times, they supsti- 
tute a republic formed b y  a lew billion o f  ' a n i m u l ~  for 
t he  monarchy o f  the  all-pervading ' anima.' Others, on  
the  contrary, suppoited b y  a robust faith in the universal 
applicability o f  the principles laid down b y  Descartes, 
and seeing that the actions called ' vital ' are, so far as 
we  have any means o f  knowing, nothing but changes o f  
place o f  particles o f  matter, looli t o  lnolecular physics t o  
achieve the  analysis o f  the living protoplasm itself illto a 
molecular mechanism. If there is any truth in the re- 
ceived doctrine o f  physics, that  contrast between living 
and inert matter, on which Bichat lays so much s:ress, 
does not exist. In nature nothing is at rest, nothrng is 
amorphous ; the simplest particle o f  that  which men in 
their blindness are pleased t o  call ' brute matter ' is a vast 
aggregate o f  molecular mechanisms, performing com-
plicated movements o f  immense rapidity, and sensitively 
adjusting themselves to every change in the surrounding 
world. Living matter differs f rom other matter in degree 
and not i n  Itind; the microcosn~ repeats the macrocosnl ; 
and one chain o f  causation connects the nebulous original 
o f  suns and planetary systems with the protoplasn~ic 
foundation o f  life and organization. From this point o f  

view pathology is the  analogue o f  the  theory o f  pertur- 
bations in astronomy ; and therapeutics resolves itself 
into the cliscovery o f  the  means b y  which a system o f  
forces competent to eliminate any given perturbation m a y  
be introduced into the economy. And as pathology 
bases itself upon normal physiology, so therapeutics rests 
upon pharmacology, which is, strictly speaking, a part o f  
the  great biological topic o f  the influence o f  conditions 
on the  living organism, and has no  scientific foundation 
apart from physiology. 

" I t  appears t o  m e  that there is no more hopeful incli- 
cation o f  the  progress o f  medicine tolvarcl the  ideal o f  
Descartes than is to be derived f rom a comparison o f  the  
state o f  phatmacology at the present clay wi th  that which 
existed forty years ago. I f  we  consider the knowlrdge 
positively acquired in this short t ime o f  the modzs oper- 
apt& o f  urari, o f  atropia, o f  physostigmin, o f  veratria, o f  
casca, o f  strychnia, o f  bromide o f  potassium, o f  phos- 
phorus, there can surely be no ground for doubting that, 
sooner or later, the  pharmacologist lvill supply t he  physi- 
cian with the means o f  affecting,  in any desired sense, 
the  functions o f  any physiol~gical element o f  the body.  
It will, in short, become possible t o  introduce into the 
economy a molecular mechanism which,  like a very cun-
ningly contrived torpedo, shall find its way t o  some par-
ticular group o f  living elements, and cause an explosion 
among them,  leaving the rest untouched. T h e  search 
for the  explanation o f  diseased states in modified cell-life ; 
the discovery c f  the important part played b y  parasitic 
organisms in the etiology o f  disease ; the  elucidation o f  
the action o f  medicaments b y  the methods and the data 
o f  experimental physiology-appear to m e  to  be t he  
greatest steps which have ever been made toward the  
establishment o f  medicine on  a scientific basis. I need 
hardly say they could not have been made except for t he  
advance o f  normal biology. 

" There  can be no question, then,  as to the nature or 
the  value o f  the  connection between medicine and the 
biological sciences. There can be no doubt that  the  
future o f  pathology and o f  therapeutics, and therefore that 
o f  practical med~crne,  depend upon the extent t o  which  
those who  occupy themselves wi th  these subjects are 
trained in the methods,  ancl impregnated with the  funda- 
mental truths,  o f  biology. 

" And ,  in conclusion, I venture t o  suggest that the  
collective sagacity o f  this Congress could occupy itself 
wi th  no  more important question than wi th  this. How 
is medical education t o  be arranged, so that ,  without 
entangling the  student in those details o f  the systematist 
which are valueless t o  him, he may be enabled t o  obtain 
a firm grasp o f  the great truths respecting animal and 
vegetable l i fe ,  without which, notwithstanding all the  
progress o f  scientific medicine, he will still find himself 
an empiric ?" 

N O T E S  O N  E X P E R I M E N T A L  CHEMISTRY ."  
BY PRoressoR ALBERT B. PRESCOTT.  

I .  Determinations o f  the limits o f  ( I ) ,  temperature in 
solution ; ( z ) ,  temperature in dry state ; (3)) alcoholic 
fermentation ; ancl (I), aciclity, compatible with the  
starch converting power o f  diastase o f  barley malt. 

11. Determinations o f  the  solubility o f  precipitated 
aluminium hydrate in excess o f  ammonium hydrate, wi th  
ancl without ammonium chloride. -

I N  a paper by hI. L. Boudenoot in the A'oz~ueZZes Aptpzctie~ 
de Za Constl-ztction, describing the various forms o f  explosives 
o f  the nitro-cellulose class, a new cornpound is mentioned, 
called by its inventor, 31.Anders, gelatino-diaspon, It is 
composed o f  wood-cellulose and nitro-glycerine, is un-
affecled by cold, is not sensible to blows or shocks, and 
explodes only b y  a sudden increase o f  temperature to 
about 160Q C .  (320° Fahr.) It burns quietly when ignited 
in the open air, and is not injured by water. 

4 Read before the A. A. A. S., Cincinnati, 1881. 


