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ON THE URGENCY OF RESEARCH 

ON THE GREAT PORTAL TO DIS- 


EASE IN THE BODY1 

Is selecting as the subject of my address on 

this occasion the urgency of research in a line 
along xh i& little progress has $been made, I 
am led to do so by considerations which I 
think will appeal to  many of my hea~ers .  It 
is, first of all, one which is of transcendant 
importance as  a n  antecedent to any great ad- 
vance in  scientific medicine i n  the near future. 
On looking over the road on  which so much 
progress has been made i n  the last for ty gears, 
one cannot but be impressed with the idea that  
all the old lines of research have been developed 
as f a r  as  they are capable of yielding results 
commensurate with the expenditure of time and 
energy given to them and that rve are now i n  
the stage of diminishing returns. The record 
since 1880 is crowded with discoveries in  sci- 
entific medicine which will preserve from ob- 
livion those'who have made them, but unless 
some new lines of a.ttack on great problems 
are to be thrown open the rewrd for  the next 
t,hirty o r  forty years will not have to its credit 
similar achievements. A recognition that  our 
present methods of research in scientific medi- 
cine are not to give solutions of some of the 
great problems in disease which still confront 
us is already beginning to prevail. The dis-
tinguished clinician, Sir  James MacKenzie, who 
has been during the last thirty years one of &e 
keenest students, on the scientific side, of clin- 
ical medicine, is so convinced that scientific 
medicine as now developed is not going to yield 
any further conquests of importance that he 
has been compelled to seek a new line of re-
search which may give results which will initiate 
a new and great advance in medical science. 
The new line which he has taken is the study 
of the 'beginnings of disease in  the individual, 
that is, a close and very careful observation of 

1 Address of the vice-president and chairman 
o f  Section K-Physiology and Experimental Med- 
icine, American Association for the Advancement 
of Science, Boston, December, 1922. 
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the changes in the normal conditioil long befoTe 
the individual is impelled to consult his physi- 
cian or is aware that anything is  wrong with 
him. Sir James hopes that in this way a great 
amount of knowledge may be accumulated which 
will throw a flood of tight on the origin of 
many of the diseases and thus inaugurate what 
may be justly called a great advance in  medi- 
cine, cornpayable with any great advance made 
in the past. 

It is hardly possible to doubt that a careful 
study of the organs of the body as they func- 
tion in the supposedly normal individual, will, 
if systematically pursued, ultimately give a lore 
that will be of inestimable value in determining 
a fundamentally rational treatment of disease. 
The application of our present clinical methods 
is confined almost wholly to the manifestations 
of disease in its more or less pronounced stages 
and the features of the initial stages attract 
the attention of only a very few clinicians. 
Mere, therefore, is a n  almost fizllorv field, where 
any one who enters to vork steadily and system- 
atically may reap a worthy reward for the toil 
of all his years. This combined with a closer, 
a more thoroughly scrutinizing study of the 
manifestations of disease in its later stages of 
development would result in a very great addi- 
tion to our lore of medicine, and bring us bacli 
to the ancient EIippoeratic r6le of closely ob- 
serving and recording which, pursued for peri- 
ods during the last twenty-four centuries, has 
made the Art of Medicine of the Western World 
an ornament of our civilization. 

It is, however, doubtful if there is in our 
generation enough of those of the class of which 
Sir James MacKenzie is representative to make 
such an immediate advance in medicine as he 
believes possible. Progress is due to the activi- 
ties of the almost inconceivably few. All the 
ideas, all the knowledge which determines our 
outlook on the physical world and the world 
of life of to-day are based on the results of the 
discoveries and inventions of less than one 
ten-thousandth of one per cent. of the popula- 
tion of the Western World during the last 
three thousand gears. Even in the medical pro- 
fession it is the inconceivably few to whom 
all progress in the past has been due. The rest 
have accepted and applied tJle results of the 
great discoveries of the few. Of )the 400,000, 
more or less, u-bo in Europe and America dur- 

ing the last century and a half have been nlem- 
bers of the medical profession, how many have 
made, as a result of their researches and ob- 
servations, great additions to our knowledge of 
the causation and treatment of disease? 
would venture to estimate not more than thirty, 
that is, one out of every 13,000 in the ranks. 
These were the pioneers in the regions of the 
unkno~vn to whom we owe the great generaliza- 
tions which constitute the foundations of what 
me call medical science. Without their achieve- 
ments there would have been no advance in it 
during the last three centuries and medicine 
would still be but a 'lore of impossible hypotheses 
and theories like that which darkened under-
standing amongst the physicians of the six-
teenth and seventeenth centuries. There were 
indeed others who by their observations in their 
o m  limited field of activity added fact upon 
fact in verification of the great generalization 
and rvlio by their support of these made their 
general acceptance possible, but they ~i~ould  not 
have been of service in any other way to medi- 
cal science had i t  not been for the great dis- 
coveries of the pioneers. 

To extend this science to-day, to make here 
and there great additions to it, pioneers of the 
same type are still required. Are such now in 
training, or beginning their eareel; o r  ready 
lo launch some new line of extension? 

Sir James MacICenzie does not apparently 
think there are or will be such, for his Newer 
Nedicine is to owe its achievements to organiza-
tions the inembers of which will devote them- 
selves to the obzervation and correlation of the 
facts which may be gained from s continuous, 
sysienlatic study of the very earliest manifesta- 
tions of alteration of function which mark the 
conlmencement of disease in the supposedly 
healthy individual. He is apparently extremely 
sceptical of the value of the laboratory lby itself 
as a factor henceforth in the advancement of 
our knowledge on the treatment of disease. 
Research on the laboratory side is carried on by 
workers who, he holds, are out of touch 135th 
the problems in medicine and in consequence 
their contributions offer little in the waF of a 
solution of these, which musl he undertaken by 
the physicians hemse elves wd~o are in immediate 
contact with the problems on the pnrely clinical 
side. 

I t  must I think be admitted by all ~vho are 
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in touch with the present laboratory methods 
associated with the diagnosis and treatment of 
disease that the effort spent in the development 
of them by a multitude of ~vorkers in labora- 
tories and the narrow range of the results ob- 
tained make it appear as if the vast majority 
of investigators concerned believe the great 
problems that can be attackeci successfully are 
all solved and that there remains only to be 
developed an ever more and more refined tech- 
nique which will be concerned only with cir- 
cumscribed problems such as the hydrogen ion 
concentration, basic metabolism, neu: reactions 
of (the class of T.TTidal, Schick and Wassermann, 
more exact methods for the determination of 
sugar, urea, uric acid, ammonia and other con- 
stituents of and metabolic prodncts in the 
blood, and so on. These and like matters of 
limited interest and range of application con-
stitute the vast majority of the problems which 
are now being investigated if the contents of 
+he original papers published in the journals 
devoted to physiology, biochemistry and path- 
ology give a trustworthy indication of the 
character of the researcb that is being carried 
on in these sciences to-day. 

If  even a new subject of more than ordinary 
impol.tance is advanced there soon results a 
multitude of contributions on it, the great ma- 
jority of which deal only with details while 
the central part of the problem is not attacked 
or only incidentally. An instance may be cited. 
On the vitamins, which are all important con-
stituents of a normal diet and which were first 
made known sixteen yetars ago by Gowhnd 
Hopkins, there has been a vast amount of @@opt 
expended but chiefly or almost wholly on de-
termining their distribution in different food- 
stuffs and the effects of diets, from wbich they 
are absent, on animals, all in a statistical or 
empinic ftashion, while ,but little has been st-
tempted or accomplished as to their constitu- 
tion although a basic explanation of their action 
in the body can only be obtained when their 
chemical composition is accurately known. 

Then thc1.e is the labor that is directed to 
the determination of hydrogen ion concentra-
tion in physiological media. Prom a survey 
of the multitude of coniributions on this sub- 
ject which have been made in the last five or 
six years one cannot but believe that an excess 
of emphasis has been placed on it which is not 

justified by ithe results obtained or any gen- 
eralizations drawn from them. As much also 
may ibe said of the wol& that is done on a num- 
ber of problems in immunology. 

I t  must not be inferred from what has been 
said that I underrate the real value of the re- 
sults of much of the work that has been done 
in these lines. I recognize that they bave a 
value, but a value that is not commensurate 
with all (the effort expended in obtaining them 
for it involves an emphasis on details which 
should be placed on imporbant problems the 
solution of which ~vonld open new and funda- 
mental lines of development in our knowledge 
of living tnatter in its normal condition and in 
disease. The emphasis placed on details is di- 
verting the energies of a large number of young 
workers of promise away from the more im-
pontant problems in the investigation of which 
they might develop a capacity for adding very 
greatly to our knowledge and thus achieve a 
career of distinction in research for themselves. 
This attention to details on such a large scale 
at the present time can be justified only on the 
plea that all the great or more important prob- 
lems are solved. Even if t'hey did appear to 
be, it  is difficult to believe that a young poten- 
itial Pasteur, Virchow, Lister, Koch, or Ehrlich 
would content himself with the investigation of 
such details and yet I (believe there are such 
potentiaflities amongst the younger generation 
of researches who may easily be induced to 
devote all their energies to problems of out-
standing importance. 

I t  may be asked: Are there such important 
lines of investigation yet to be undertaken? 
AIy answer is that there are, and not a few, 
and that, further, more may eventually 'be 
found than are now conceived possible. The 
cllemical constitution and the fundamental ac-
tion of the vitamins are two of these. There 
are the questions concerning the nature and 
action of the bacteriophagic lysins, our knowl- 
edge regarding the existence of which is the 
product of the activities of several keen young 
workers during the last seven years. The in- 
terprelation of the character, origin and action 
of these lysins in dissolving bacteria will ulti- 
mately depend on the results of research to be 
carried on in the next few years. Meanwhile, 
it would appear that the bacteriophage is a 
Eactar in immunity, especially in the intestinal 
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tract, which may not (be ela3sed with the anti- 
bodies ~~~lvllich been regarded ashitherto have 
the only or chic€ immunizing subdances pro- 
ducecl 111 tlle body to resist bacterial inraiion. 
T l ~ e  bacteriophage y ~ ~ e s t i o n  has, thciefore, 
thrust on our attention pl.obleini of i~ high 
order of importance. 

Behind all theze problems there ale  a t  lea-t 
sex-era1 u ~ h ~ c l i  concern the cauiation of a con-
siclerable numbel. of patholog~cal change, and 
alterations in function i n  the organs of the 
bocly. These problem, are all related to the 
function, of the intestinal nmcosa. Such func- 
tions are  only very imperfecl'ly k n o ~ ~ n .One 
involves the abcorption of the prociuct~ of the 
digeition of the foodstuBs. I n  this absorption 
the mucoqa has been, a n d  is \till too often, re- 
garded as if i t  were only a physical membrane 
separating the blood from the lntehtlnal con-
tents, throug41l which the peptonas, amino-acids, 
gljcerine and sugal.; diffuqe to each tlie vaqcu- 
lar channels. What  we have to set oyer againd 
th i j  phy51cal concept are a fern iacts :lie sig-
nificance, howemr, of wlnch iq not claar. S o a p  
and fats ~ ~ h i c h  are colloids enter and go t h o u g h  
the epithelial cells of the nlucosa ancl a number 
of protein\, those of egg yolli particulally, pass 
unchanged 1.eadily into them, hut hokv tlie 
former and tlle latter are so taken u p  is s~till 
unknosn oi. only dimly compreilenderl. The 
salt; of iron and pota,h can be tzacecl micro- 
rhemicallg ln their pastage through the epithel-
ium am1 the phenomena irlro1~-ed appeal. a t  
first vlew to be caused by tlie simple forceq of 
cliffusion but on fn,.ther consiclelatlon one m u 4  
postulate that other and nlore inlportant iaciors 
ale  concernecl. TTTe know, further, that the 
mucoca, eqpecially of tlie upper half of the 
srnall intestine, secrete, a nunlher of ferments, 
SUCIII as erepsin, inverta~e,  maltase, !acia(.e, and 
the activafor of trypainogen, enteroklnabe, and 
that secretln, tlie hornone of the panereas, 1s 

a proclact of the duodenal muco,a, hilt, except 
in  t'he case of iecretin, we do not k n o a  definite15 
what elements of the mucova forin Illern. 

Thia, in brief, con~prehencls onr Bnorvledge 
of the actirlties of the intestinal mncosa and 
yet how eslguous ~t i, in  comparison 1 ~ 1 t h  v h a t  
inay yet be obtained through careful and well- 
dirented research. The mucosn iq .  in its proper- 
ties. and funct:ona, someth~ng very much more 
than a physical membrane. Because its auper- 

fieial lager is composed of l'iving cells it is not, 
it cannot be, a passive element, fol. the cells 
have, as  living units always have, the capacity 
to accept o r  reject rc-hatever const'i~tuents of the 
chyle there may be and this capacity is euer-
ciserl by tkem through the !ong life of the in- 
dividual. They even maintain themselves 
againjt the invasion of bacteria of the ordinary 
type. 

This epitl~elial membrane then has functions 
1%-liicll lna!ie it  unjrlue, functions which are not 
performed by any other organ. i t  is the ah-
sorbent of practi.cally al'l that goes to nourish 
the body, a rcile that involves a rariety of activi- 
t i e  a k g n e d  to no other class of cells i n  the 
body. It prevents also the passage thmugI1 it 
of the ordinary bacteria of the iiltest,inai cavity 
anif of i~heir proclucts, toxic and other~vise, and 
tl~erefore it  must be regarded as the firs't line 
of defense of the ho~ly, a t  its most vulnez-able 
point, against disease. As no other structure in  
the body is so ~nucli esposecl, and constantly 
to bacteria and lo invasion ,by 'them it is diffi- 
cult to exagger'ate its importzince in this respect. 

That tlie cells coilstituting 'this membrane, 
battling against hosts of bacteria and subject 
to the action of file products, many and varied, 
of put,rzfactive fennentak i~n~ may finally fail 
to "play up" nlust naturally he expected. Then 
pa,^ into the circula~tion some or all  of ,those 
elements ~vhich the fells i n  their fully normal 
conditioin do not absorb, o r  if they do absorb, 
do not transfer ,to the underlying tissues. 

It is riot too much to say illat in  this failure 
on the part  of tlie epithelial cells a n  explana- 
tiori liiay lbe found of the origin of a l a ~ g e  
nunibel. of diseases of the ~ljody. It is my firnl 
convictioii I-hat arteriosclerosis, hepatic ci1741osis, 
aelxte ello om atrophy of the liver, nephrit,is i n  
sorne of its fo~i115, angina pectoris, senile de- 
liientia ariil derne~tia  precox are  all due to  
failure, rnore or less prononnced, on the par t  
of tlle intestinal epithelial cell to play its normal 
p'art. I n  some cnses this failnre may develop 
suclclenly as in  acute yellon- atrophy, in  other 
eases i t  may i n ~ o l v e  a gradually les,sened ca-
pacity of tile epithelial cell to reject o r  neu-
tralize the products of putrefactire action. 
That dementia precox has this origin is iiicli- 
eated by the facts that i t  is  frequently asso-
ciated wihh intestinal stasis more or less pro- 
riounced and that not unf~ecluently in  this 
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disease there may be atrophy of the testes 
o r  ovaries, facts that can only be explained 
by supposing that not only this atrophy 
but the degeneration of the cortex are due to 
the action of toxins of intestinal origin. Senile 
dementia, when not of arteriosclerotic origin 
primarily, is probably due to a gradually less- 
ened capacity of the intestinal cells to reject the 
toxic products of putrefactive fermentation. 

The intestinal mucosa must then be regarded 
as  the great portal to disease of the body. 
This portal may be completely closed as it  is 
in  the normal healthy condition of the muoosa 
o r  i t  may be gradually o r  wddenly pushed 
open and disease, chronic o r  (acute, may result. 
I f  this portal could be kept closed al~vays old 
age might be indefinitely poetponed and bodily 
vigor maintained for  a much longer period than 
it is now. There is no reason to suppose that 
the heart, the skeletal muscles, the liver, the 
kidneys, the nervous system and the endocrin- 
ous organs cannot function indefinitely if they 
are not subject to  toxic action and in their 
normal condition they mnst be much less sub-
ject, through any  other portal, to bacterial in- 
fections than they are when their condition is 
altered by the access of toxic material absorbed 
from the intestinal cavity. The complete closure 
of the great portal permanently maintained 
wonld greatly lessen \the incidence of disease and 
increase the average length of life. 

I t  is probable that excess: in  diet, especially 
in  its protein constituents, may task the capaci- 
ties of the epithelial cells and diminish their 
power to reacit normally, wibh the result that 
they allow to pass through them, and to the 
underlying tissues and the circulation, t'he prod- 
ucts of intestinal putrefaction urhich i n  their 
healthy vigorous condition ~tktey do not permit 
to  enter them. This would explain some of 
the pathological results of a high protein diet. 
I t  is also very probable that the primary and 
most important action of vitamins i n  diet is 
on  !the epithelial cells which, with the glandular 
structures lbelow them, as  McCarrison has found 
i n  his obser~at ions on animals fed on autoclaved 
food, undergo marked atrophic and  necrotic 
changes, Eollow~ed by a n  extensive invasion of 
the mncosa by bacteria. The changes which 
other organs show i n  avitaminosis have yet to 
be shown due directly and not indirectly to  

their deprivation of [the vitamins. Once lhe 
Great Portal is throxn wide open, neuritis, cle- 
generative changes i n  the pancreas, thyroid 
and spleen, atrophy of the testes and ovary, 
and hypertrophy of the pituitary and adrenals 
may be of t o x ~ m i c  origin. Constipation also 
seems to be one of the earliest results of avita- 
minosis and its causation may be similarly ex-
plained. 

The importance then of a thorough knowl- 
edge of the functions of the intestinal mucosa 
and especially of the epithelium coveling it  
cannot be overestimated. To obtain that knowl- 
edge is to place us i n  a position from which 
we can make a great advance in the treatment 
of disease or i n  the prevention of it, compara- 
ble with any one of the great advances of the 
past in scientific medicine. That knowledge 
can only be obtained by a profound study of 
the epithelial cells themselves, of all the forces 
that are concerned in their normal activities, 
of the character of the prateins and o t h e ~  
organic elements of which (they are constituted, 
of the action of bacterial toxins on  them and 
of their defence against them. 

The attainment of all &his knowledge iq not 
to be an achievement of tKe very immediate 
future. That would require a number of spe- 
cially trained investigators 'who wonld devote 
themselves to intensive yesearch in this line 
fo r  some years. Investigators of the kind 
necessary are rare. They would have to be 
trained as few are being trained to-day i n  
physiology, biochemistry, o r  pathology ~ n d  this 
could not be accomplshed immediately. They 
should acquire a n  excellent knowledge of chem- 
istry, organic, physical and colloidal, more es-
pecially of biochemistry, microchemistry, cy-
tology and the lphysical forces that obtain and 
operate in, and on thc surface of, fluid and 
colloidal systems. They nus st have also a qood 
working knowledge of bacteriology and of the 
technique employed in immunological yesearch. 
Only thus qualified would they be ruble to under- 
take research on  the intestinal mucosa with any 
prospect of obtaining n o t e ~ o r t h y  results. 

I t  may be held that the training of such 
researchers is a n  impossibility because i t  ap-
pears to postulate that each of them shall be 
as  bighly qualified i n  several sciences a s  a 
specialist may be in  one of them. T t  may be 
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aclm3ted that the training necessary to conduct 
snccessful!y research i n  this line must be of 
a more ?horozgh kind $than is undergone by 
those of to-day who are preparing f o r  a career 
i n  research i n  a n y  one of the medical sciences, 
bnt i t  is not more tthan can be exacted of a 
capable student free, but under special direc- 
tion, to give attention for  a few years to  special 
branches of the several sciences, the knowledge 
of which is required. That there are few so 
trained n o r  is no indication that none can be. 
The training of physiologists, biochemists and  
pathologists has hitherto been largely deter-
mined by chance conditions. There has been 
no guidance in i t  and too often i t  bas been of 
a n  elementary or very llmited kind. RIany of 
those so prepared haye in their own specialties 
done considerable service i n  the way of research. 
but the problems that remain clemand of those 
who attack them more thorough ancl wicler 
knowledge along different lines and in conse-
cluence the preliminary tt.aining must hence-
forth be extended to cover all the different sci- 
ences or branches of them, .a knowledge of 
~vbich is concerned in such research. 

Such a training woulcl qualify as  well fo r  
important lines of yesearch i n  pathology, bac- 
teriology, immunology, physiolog~, and phar-
macology, fo r  the highly trained worker is to 
be henceforth as  necessary in  research i n  these 
fields as he is in biochemistry, otherwise the 
yield in  results of more ,than a narrow signifi- 
cance mill be very scanty. Only thus can the 
blight of spelunculism in the medical sciences, 
which i.; now i n  prospect, be prevented. 

To produce these sesearcllers is the duty 
which must be undertaken by those i n  com-
mand of the various departments of these sci- 
ences In our leading universibies. They must 
exact of the young students under their charge 
a higher standard of attainment if research i n  
the causation and trealment of disease is to 
achieve greatly i n  khe coming geneTation. The 
demancl f a r  invesltigators of bhis type will be 
urgent and insistent in  the next trvo or  three 
decades and the failure to train them will re-
flect on those controlling the advanced teaching 
in these sciences. 

m-ith even half a score of such hig'hly trained 
~esearchers w o ~ k i n g  i n  this new field in  the 
next few years results rvould be obtained some 

a t  least of which woulcl cornpare in  importance 
with those which marked the history of medi-
cine in  the last seven decades. We would then 
have a greatly increased, perkaps a pl*ofound 
knowledge of the functions of the organ ~vhich 
serves as the Great Portal of disease in the 
body. This knowledge rvould make possible 
new and highly rational lines of treatment of 
a large number of diseases, i t  would enable us 
to lessen very greatly their incidence and miti] 
its aid a legiinen might be devised which would 
&lag i n  the individual senescence, and even 
dealh, it  may be, indefinitely. 

The call fo r  researcb in this line is urgent, 
fo r  only th-ougli i t  is another great advance 
in medicine possible. 

A. B. RIACALLUM 
LICGILLUXIVERSITY 

-
BAIRD, THE MAN1 

THE policy of the Smithsonian Institution 
under Professor Henry was to disperse as  
widely and freely as possible the worked-up 
material, and to enlist in  the process of elab- 
oration the aid and enthusiasm of esrery hmer-  
ican naturalist, each in his special field. 

To make this policy a success, such as  it 
eventually became, required qualifications of 
no ordinary kind. Not only must the work of 
mediation be guided by the most advanced 
biological science of the time, but .the individual 
intrnsted with it  must possess a spirit  of im- 
partial liberality, tempered by a sound discre- 
tion in  business methods; a thorough knowl-
edge and just estimate of men; a n  untiring 
patience to meet the peculiarities and caprices 
of the independent and often one-sided spe-
cialists ~vhose cooperation was essential; a 
geniality to enlist the willing but unscientific 
collaborator; and a n  instant detection of hum- 
bug in every guise. Provide~ltially for the 
future of natural science in  this country, the 
need and the man met in the selection of Pro- 
fessor Baird. I n  qualifications fo r  the work 
he stood preeminent-head and shoulders above 
any man of his time, and perhaps above all 
other scientific men of any time. H e  joined 

1 One of the addresses given a t  the meeting in 
commemoration of the one hundredth anniversary 
of the birth of Spencer Fullerton Baird, held in 
the U. 8. Xational RIuseuni on February 3, 1923. 


