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REPORT Or' TEE TCIRCCTCR OF THE HOSPITAL

Octover, 1922,

Ger.tlexon:

In the report of ths work of ths Hospital for the pre-
cedinz ;ecr mentlon was modo of tho chenges in plan of organization de-
pendent upon tha greater ags of the department 2nd increcsed expericnce
on the part of certain members of the éta.ff. Tha soparation of the
Hospital activitics into sevoral divisions has taken place without any
serious loss in unity ani with ar urdoubt:zd gain in offsctivenass., It
is obvious that in czlinical work the mutuel assistance and cooperation
of the various members of the staff is of very great importance; indeed,
it is quite nocessary in order that tho groatest use be made of the avail-
‘able material, The spirit of coordinated effort and interest which is de- R
mended and which has been 80 evident in the Hospital" in the past has not ‘
diminished and each member of the staff has been willing to bring his’
special knowledge to the solution of any problem under investigation in any
’part of tha Hospital. As a result of this, & review, such as the present,
describing the activities of the individual groumsof workers, may not glve
full credit to sach individual or group. For instance, in the study of
neohritis, or in the study of respiratory disease, studies must bs Amads

not only of renal fuvnctions or of ths respiration but frequent and care-
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fuvl studies must be made of the state of tha heart as well. Studies
of this kind carried on by Dr. Cohn and his associates, not bearing di-
rectly on their own problems, receives no special notice in Dr. -Cohn's
report, though they may have demanded much time and cffort and have been
of much valus in ailding in the solution of the problems under investi-
gation in the Hospital. This fact must be kept in mind when reviewing
tho achievements of the various groups of workers. ‘
Commared with the previous ycar many changes have oc-
carred in the staff, but thesc have occurred without any serious effect
on t;'xc work of the Hospital. Mention was mcie in thc last report of
tha appointment of & number of ths men %C positions in othor insti-
tutions. The appointment of Dr. Austin, Resident Physician, as Professor‘
of Rescarch Medicine at the University of Pennsylvania did not becoms
effective until Jamuary first, so that hc was able to continue his duties
here until that time. Upon his departurc his duties as Resident Physi-
clan were taken over by Dr. Lundsgaard. His long experience as resi-
dent physician at thz Hospitel of the University of Copenhagen enabled
him to carry on this work here with great »ffcctivenecss. However, he
desired to be relicved of his administrative duties and wished to reside
outside the Hospital, so Dr. Hugh Morgan has been appointed to the post
of Resident Physician. Dr. Lundsgeard remnins a member of the staff
and is engaged. especially in .the study of nephritis., -~ .. .. svons
Dr. Edgar Stillman, who for many years has been a metiber
of the Hospital staff and has assisted in the work carried on in relation
to diabetes, the studr of chemo-therapy of syphilis ‘and more recently
the study of nephritis, has received an appointment as Associate in Medi-~
cine in Columbia University and Assistant Visiting Physician at ths Pres-

byterian Hospital. Dr. Levy, whe has been associated with Dr. Cohn in




the s*udr o hoart disease, also has left to accept similar positions at

Columoia and the Presbyterian Hospital. These changes have nececsitated.

several new appointmernts. It is a great satisfaction to note that the
rurber of well-traincd men who deaire to undertake the kind of work for
which the Hospital makes provision is mch greater mow than it wes im-
mediately following the war. As a rcsult, it has been possible to com-
plete the staff for next y2ar with a group of well-trained, enthusias-
tic andz apparently, capable young men.

Two new undertakings are now under way in the Hospital,
the results of which, howevar, will have to wait for a later report.
Ths two develepments mey be montioned, however. Tirst, the character
of the studies which are being conducted in relation to heart disease
is being modified, and this has necossitated a reorganization of the
group of men working under Dr. Cohn and a considerable change in the
laboratory equipment. Dr. Hemry A, Murray, who has received an a.p-'
pointment on the Hospital staff, will undertake the culture of heart
tissue in vitro with the purpose of using this growing tissue in the
solution of.certain problems relating to the physiology and pithology
of the heart.

The second important enterprise consists in undertaking
the study of chicken-pox., This émdy is not being conducted because
of any very great éocial or economic importance of the disease itsslf,
but {Lt is beliesved that further kmowledge concerning 1ts etiology and
nature may have wids application to our kmowledge of other contagious
diseagses. This work will bs carried on directly by Dr. Thomas Rivers,
who comes from the Pathological Department of Johns Hopkins University,
with the assistance of Dr, William S. Tillett.

With these new projects well under way and with a prom-
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isirz ouilook .for progress in the solution of problems previously under

investigation great hopes are entertained for the success of the coming
year,

Inquiry by visitors and others is frequently made con-
cerning the methods we employ for obtaining patients suitable for the
studies being carried on. Very soon after tho Hospital was opened it
became apparent that there were practical difficulties in the way of
obtaining pZtients .through other hospitals and it was found that it
wonld be necessary to depend upon practicing physicians to refer to the
Hospital the kind of patients desired., For the purpose of getting into
contact with these physicians and of informing them of the types of pa-
tients we wish to admit, we began the practice of sending bulletins from
‘time to time to all the physicians in New York. I am attaching the
latest Bulletin which gives information concerning the diseases which
it is plammed to irvestigate during thz coming winter. The response
on the part of physicians in the past has been most satisfactory, and
on the part of the public there has never been the least evidence of
fear or distrus®iex disinclimation to comé to this Hospital because one

of its functions is to aid in the investigation of disease.
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The Hospital of The Rockefeller Institute for Medical Research confines its work to selected cases that bear upon
a limited wumber of subjects chosen for investigation. It is the practice to issue Bulletins from time to time, giving
wolice of subjects thus chusem, in order that suitable patients may be referved to the Hospital by physicians and

othérs who are interested and 1who are willing to co-operate in this way. No charges are made for ireatment, room,
. .
board, or any other services. -

HOSPITAL OF THE ROCKEFELLER INSTITUTE FOR MEDICAL RESEARCH
66th Street and Avenue A, New York, N. Y.

BULLETIN OF DISEASES UNDER INVESTIGATION
September 30, 1922

The following conditions will be the subject of study in this Hospital during the coming winter ; patients
suffering from these diseases will be admitted to the extent of the Hospital facilities:

1. Acute Rheumatic Fever.

(1) Patients with acute rheumatic polyarthritis.

(2) Children during the acute stages of recurring endocarditis, pericarditis, or myocarditis of supposed
rheumatic origin.

(3) Patients with chorea and arthritic or cardiac involvement.
(4) Patients with rheumatic fever showing subcutancous nodules.

II. Nephritis.

Patients suffering from acute nephritis or from chronic nephritis of moderate severity, also a few cases with
arterial hypertension unassociated with evidence of kidney disease, will be admitted. Cases of nephritis in young
persons, particularly cases showing edema, are especially suitable.

I11.  Chicken-Pox.

Patients with chicken-pox will be admitted to the Isolation Ward of this Hospital for care and treatment. It
is desired that patients be referred as early in the disease as possible.

IV. Acute Pulmonary Infections, including Acute Lobar Pneumonia.

It is desired to receive patxenta suffering from atypieal forms of acute infection of the resplratory tract as well
as those with acute lobar pneumonia. Patients with the latter condition should be referred as early in the disease as-

possible in order that suitable cases may receive the greatest benefit from serum treatment. A chamber is now avail-
able in which patients may be treated in atmospheres rich in oxygen.

V. * Cardiac Disease.

. In continuing the study of the treatment of chronic heart disease, it is planned to admit patients, either young

or old, in the more advanced stages of heart failure. Such patients as show completely irregular pulse and are suffering
from fibrillation of the auricles are especially desired.

Physicians may communicate with the Hospital by telephone (Rhinelander 0900) or by personal application to
the Resident Physician. An ambulance will be sent promptly when required.




{

rnfoctious Diseascs.

Acate Reswiratory Disecses, Includirg Lobar Pnoumoni..

Tels stuldy wegan several years ago with an investigation
of loovar pneumonia, one of *h: objects being the development of a speci-
fic therary in <hi: 3iscunsz.

This fuvostigation resulted in the accunmmulation of more

accurate Imowlodge concarnirng the tactzria concerned, the dovelopment
of ncthods for detormining “he bacterial incitant in exch ir.:li\;idual
case ana th2 development of a method of seimum trzatment effcctive in
the cases associated with the vprasence of onc kind of bactciria. During
tho progress of tiaxse studizs 4t Become increasingly evidant that lobar
pncumonia, of prnowaococcus origin, shomld not bz studied as an isolated
phcnomernon but that it is related, certainly as rcgards pathogenesis,
to a whole serics of infcctions of the respiratory tract, some severe,
others very mild in their monifestations. Moreover, during the y;aars
this study has bdean in progress the charecter of the prevailing pneu-
monia has varied greatly. This has been duz to some extent to the un-
usual conditions brought about by the war, and also by the prevalence
of so-called influenza in spidemic fora, but, in addition, octher factors
have probably also been oﬁerating. It was therefors thought necessary -
to greatly ‘bro'aden the scope of this ingquiry if a clear conception of "thé
nature of thia group of diseases was to be obtained. This explaing why 7
during the past year the studies which have been puramued have taken sev-
eral different directions.

Although in the following description the studies may
appear somewha’ warelated, nevertheless they represent work necessary to

be done before progross may be made in the general problem under iavesti-

gation.
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S3+udlces ia Patho~enisis of Pneuvaonia.

‘ It has comz to be generally held that in acute lobar
pneum.onia infection %takss place by way of th: respiratory tract. There | ¢
is some cvidence thart in the casu ol pucwaonia due to Pnzumococcus Type

{ I ond Type TI. 1afestion is {2irly direct, thut is, is spread from tho

o

sick to the well through fzirly direct coantact. Thae chisf basis for

tho latiter polnt of viocw, virich as a very luportant bearing on the pro-

blera of pnsumonii, s tho weriz of Stillman, dis'cussad in & previous re-
port, by which it wns s}uovm that pnoumocozel of these tyves are found
rarely in the mouthks of the healthy, and then chielly in th2 mouths of
persons in irrsediate contact with patisnts suffering from pn2umonia
duo to tliz same type of prneumococcus.

Mow, 1if prneumococci of these types do not have a wide
distribution apart from diseasa, the importance of the mere presence of
th ese organisms in the respiratory tract bccorﬁss emphasized.

The exporimental studies of Blaks and Cecil, however,

indicate thal even with pneumococei of those fixed types, infection does
no.t occur uniess the coccl g,ain:_a.cc_tass to ;cﬁe lower respiratory tract
and that this does not occur un‘lesé scme accessory factor or factors
operate to break down a defecnsive mechanism which ordinarily pravents
bacteria reaching the lower respiratory tract, th'e.,lung_, itself, The
following studies which have been carried on by Dr. E. G, S_tillmanliin-
;9 dicate that even this alone is not sufficdent, hut that px;obal'aly_ still
other factors must be operating before infecction occurs, The foilowing
is a description of these expazfi;éents and the :"esx;lts obtaineds::

Mice and guinea pigs.we.r'e‘ placed in specially constructed

metal charbers and sprayed with cultures of pneumococeci, the virulepge

of which for the test animals had been previously proved by the 4ntza.




periton~al insevlation of other arimnls. Cf the 198 mice used in these

spraying experiments, 34 were killed and autopsied at intervals of from
l/zlto 48 hours after spraying. Pneumococci of the same type werd ro-
covered from the luags of 19 mice autopsied within 1 hour of snraying.
After tals period the inciderce of recovery of pneumococci from the
lungs rapidly decreased. Of the remaining 164 mice which were sprayed
and nllowed to live, all survived for 10 days with the exception of 5
which died with a pneumococcus septicemia. These nvservasions afford
evidance that virulent pneumococci following iraslation mny reari. the
lungs and may be implanted in the lungs in appraciable rarabeTs tut that
in all but a relatively faw instances the proweocosci ars effectively
disposoed of without injury to ths animnls.

Of 40 mice spray2d with hemolytic streptococci 19 were
killed. Hemolytic streptocoeel were racoverad from their lungs regularly
up to the 7th hour after exposure, in nalf the mice after the 8th and
12th hour but not afier 24 hours. The heart's blood and spleen cultures
were negative. Of the 21 mice allowed to live, only 9 survived 14 days,
the re;naining 57% dying of a hemolyiic streptococcus septicemia on the
2nd to the 12th day.

In the case of 33 mice sprayed with non-virulent B, in-
fluenza the recovery of ths organisms was much more irregular,. B. Ain-
fluenzae was no-t recovered from sither of-z nﬁ.ce killed at the end of.
l, 2, 4, 6, and 24 hours, -respectively. ‘after spraying, but was present
in one animal after 70 hours. The heart's blood and .8pleen cultures ro-
mained sterile. All of the mice'not‘killed survived the 10 dayvperiod
of observation.

These experiments suggest that even in highly susceptible

animals (mice) virulent pneumocecci are apparently unable to multiply in




tan aralthy Luae ticsues, and tvhai soms effecinal mechanism exists for
tazir rapid disposal when introduced by sproying.

This experimental work and also observation of the dis-
tridvuticn and spread of the disease in men indicate the nsed for further
study of the factors concerned in pneumococcus pulmonary infeciion other
thar the presence in ihe lung of the pnecumococcus itself. It is pos-
sible that those factars may be entirely non-specific and may have
nothing to do with a liv;ng virus., The other possibiliiy, however,
that even ac&te lodar pneumonia may be the manifestation of a secondary
infection must always be kept in mind,

Thae discovery by Olitsky and Gates of a uew varlety of
small bacteria, proviously overlooked, in certain cases of influenza
has 13d to thé asugzestion that those or similar organisms might be
present in otier types of acute respiratory diseases, even in lobar
pneumonia itself, Studies deerirz on this problem have been carried
on by Dr. Avery end Dr, .lorgan, In this investigation they were for-
tunzate in having thc support of Dr. Olitsky and Dr. Gatss.

Some time was firet spent in becoming familiar with the
blolegic characteristics of the strain of Bacterium pneunosintss orie
ginally isolated by Dr. Olitsky ani Dr. Gatss in the epidemic of ;n-

fiuenza in 1918-19. The technique originally employed by them in iso-

ting B, pneumosintes was used in making cultures from o series of cases

of mild resphratory infections occurring during the past winter. Cui-
turss wére made both from filtered and unfiltered nasal secretions.
There have been isolated 14 strains of bacteria having characters which
serve to identify them with the group of organisms of which B, pneumo-
sintes may represent the 3iype; 7 were recovered from patients with

mild respiratory infections such as "eolds," tracheitis, bronchitis, etc.,
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4 strains viers rccovercd Trma one patient with braoncho-prneuamonma, cultures
being mads at weekly intervals during the month of convalescence and the
three othar strains were obtained from patients in whom the clinical di-
agnosis of influanza was madz. All the strains possess in common the
following characteristics: they are smll, Grem negative bacilli, are
strictly anaerobic, and ware cultivated directly from the filtrates
of nasc pharynéeal washings after passage through Berkfeld candles "V! -
that is, they werc filter-passing in the form in which they existed
before artificial cultivation.

Variations in morphology and seralogic reactions sug-
gest that these strains differ in certain characters from B. pneumosintes.
Further study of the cultural and immmnological properties of these
recently isolated organisms is necessary, however, before any certain
opinions can be given as to their identity with or similarity to the
strain of B. pnsumosintes originally isolated. It is interesting that
in several instances the bacteria were isolated from cultures made di-
rectly from filtered washings on blood agar plates. The possibility of
chance contamination from kidney tissue, ascitic fluid, or animal pas-

sage was thus eliminated. Vhatever rklation these strains , and others

that my eu‘bsequently be isolated, may bear to one another or to the

origing.l B, pneumosintes, and whatever may eventually bev proved as to
their caﬁsa-l relationship to acute respiratory dis;ase, 4t has been
damonstrated that bacteri& of this hitherto unknown and’ unrecognized
type are frequently present in the resplratory tract.

‘80 far organisms of this type have not been isolated from
petients sﬁfferiné from acute lobar ;éneumonia. Nevertheless, the dis-

covery of the incitants of the milder infections of the upper respiratory

tract, which so often precede pneumonia, would undoubtedly go far in
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. & marked acéelgzation of growth in madia containing fresh végetables , but

"to which small pieces of sterile, unheated vegstablz have been added.

volving the provlem ol the pathogenssnagiof pnoumonia.
studies alonz these ame si.ilar lines are in progress -l
end will be vursued during the coming winter.

Gro:th Resvipements of B, influenzae and other Bacteria.

In tho last rcport there were discussed certain studies
of Dr. Avery anid Dr. Tijciin which hal resulted i tas discovsry that
the growth siimulatinz effast of Hlead on 3, influenza was dependent on
two separable and discinzt factors, ons in a vitamin-like substance, and
tha oiher a heat steble subsiance actirng in extrouely low conceniration.
They furthermore showsd “ha* both of thzse factors are found in certaln
plant tissues (potato ani daram).

Dr. Lvery and Dr. llorgen during the past ysar have
groctly extended theso observations. They have shown that yellow and
white furnip, carrot, bect, parsnip, arl cweet potato, when added to
flaid media possess the same growth stimmlating action as does white

potato. Moreover, they have found that thase vegetable tissues not

only permit the cultivation of the so-called hemoglobinophilic organisms,
but that they also greatly favor 'the growth of other entirely unrelated

organisms.  For instanca, in the case of pneumococcus, not only is thers

a seeding‘ too mimite in itself %o initiate growth in plain broth alone,

will amply suffice to induce abundant maltiplication in the same medium

lioreover, in the plani tissue medium the zone of hyircgen ion concen-
tration within which growfh can be initiated is considerably extended
beyoni the limits of the range in ordinary bouillon. In addition certain
otner bacieria, which ordinarily fail to grow in the presence of free

oxygen, multiply in a mediwa containing fresh plant tissus even though.
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no precautions are takeh to exclude air. It is evident, therefore.,
that the presenca in media of certain substances contained in fresh
plant tissue not only supplies thec necessary factors for growth of
the hemoglobinophilic Macilli but furnishes the necessary require-
ments for the cultivation of other bacteria which ordinarily multiply
only under certain restricted conditions.

| The exact mature of the substances contained in plant
tissus upon which these properties depend is not yet destermined, but
the studies so far mads suggest that the growth inducing propertics are
related to the presence of certain oxidizing and reducing enzymes in
frosh plant tissues as well as to the presence of so-called accessory
food substances.

Chemi;é. 1 Basis ef Me themorlobin Fomntioq bv Pneumococci.

") Avery end Dr, Morgan.

One .of the most striking and characteristic propertiass
of pneumococcl is the effect which thsy produce on hemoglobin, chang-
ipg it inte }nethemglqbin. This is made evident by the change in color
ﬁhich the medium ‘qu.eré.o.es _when pneﬁ;po#bcci are .caltivated on blood

medium. This phenomez(bn has formed the basia of considerable study

; in this, Hospital 1n the pe,st, as. 1t ‘was thought posslble that it had.

a.mch deeper significance in conngction with the problem of infection :

tban is o'bvious at firat sight In studying this phenomenon several

yea.rs ago Dr. Cole found tha.t change from heméglobin to methemoglobin '

occurred only -when living‘:organism woare present, and it seemed that
the rea.ction'was-__elo'se.ly related to growth phenomena and could not ba
induced by extracts or filtrates of the organisms.

Avery and Cullen d.uz_‘ing later studies on enzymes of the

pneumococcus made observations which indicated that under certain con~
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ditions tho transformatiun of hemoglobin into methemoglobin might be in-
duced by exiracts of pneumococci or filtrates of the cultures, no living
organisms being present. In other. words, it secmed that the reaction
is probabliy dus to a substance, probably a ferment, which might be sepa-
ratsd from the bacterial ca2lls.

During the pzst ycor Dr. Avery and Dr. lMorzan have made
st111 further obssrvations which ary highly sugzestive that this pheno-
menon mayr be due to a simple inorganic substance formad in the culture
modium during the growth of pneumococcus.,

On testing certain pneumococcus culturs filtrates for
the power to produce methemoglobin, it was founl that while these file
trotes had 1litile or no p ower to produce the reaction on lalzed blood,
they very rapidly acted on crystalline hemoglobin in watery solution.
This discovery was only rmde possible through the work of Dr. Heidel-
bergar who had prepaced & large amount of crystalline hemoglobin by a
new method and primarily for arothar purpose. They were now able to
study in detail the action of the filtrates of pneumococcus cultures
on pneumococci and have Found that frse access of air to the culture
during growth is essential for the reacting substance to be formed.

They have found é.lso ihat if reducing substances or catalase bo present .
in-the redium ths formation of the reacting substance is entirely in-.
hibited or more likely is destroyed as rapidly as it is formed. Further,
it has been'.found that the"su'bstanée first makes 1ts appearance during
the period o’f maximom growth of the organisms, This indicates .that it
is & product of cell metabolism rather than the resultant of autolysis.
The reaé'ti:ng substance is thermoladile, being destroyed by exposure ‘to
the temperature of boiling watar for 15 mimutes. In a medium in which

it has once formed it may persist for several days, ths exact time de--
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ponding on she reaci:ica of Th2 caliave fluid and tha temparature at
which it is proserved, Heing lass stabile in alkaline than acid so-
lution and suffering progressive loss in potency with exposure to in-
craasing temperaturcs.

In addition to thesc propertica tnis substance gives
certain chemical rcactions which are indicative of its nature. For
insta;nce. filtr.tes o puswiocdccas culturas containing this substance
give o positive boncidin reaction which inmactive filirates fall to gilvs.
This test is based on the fact that in.ths presence of a c:.talytic
agent, peroxidase, solutions of bonzidin give a blue color oun the ad- "
dition of hydrogen paroxide. The benzidin test, tasrafore 1s recog-
nized as a delicate method for the detection of hydrogen pecroxide.

It seoms justifiable, thesrefore, to regard ths benzidin reacting sub-
stance in pneumococcus filtrzotes as nydrogen peroxide, and since only ' flz
filtrates giving this test produce metheroglobin it seems probable that
the substance on which the latter reaction deperds is hydrogen peroxida.
This view is strengthered by the fact that o solutidén of hydrogen
peroxids, even in great dilution; is capabls of changing crystalline
hemoglobin into methsmoglobin,

‘Moreover, the samq' agénts which are found to cause iractle B
vation of the culture filtrafas“also réncier hydrogen perox,ide inactive |
as. regards tﬁethémoglobin- fomtio.ia.j The fact that these agents are ,
destroyed by catalase explains wﬁy-culﬁ;re filtrates have no action on
whole blood since in whole blood catalaweis always present.

Growth Inhibition by Pneumococcus Filtrotes.

In a previous report it was pointed out that pneumncorci

fail to grow when reinoculatsd into filtrates of culturs fluids in waic:.

they have previously grown. This phenomenoen of growth inhibition was
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found to be dspandent in nart 2t lonst upon the exhaustion of soms rmu-
tritive substance in the medium. Expsrimental evidence indicated that
the substanuce exnausted by tho initial growth of the prneumococei and
in the absarce of which secondary growth can not be initiatod, is
probably of carbohydrato nature, sincs the addition of a readily fer-
mantabls sugar, avea in sarll amount, to exhausted filtrates suffices
to restoro the growth supporting property.

The discovery that pneumococcl producs pernxide during
growih ard that this compound can bde roadily demonstratsd in culture
fluids adds anothor factor which must be taken into corsidera‘ion ir
dealing with this complcex phenomenon. Hydrogon percxics excris a marksd
rostraint upon growth of bacteria, and in sufficicnt concentration is
definitely bacterlacidal. The presoncs of this substance, therefore,
in czlture fluids might itself explain, in some insiances at least, the
inobility of organisms to grow in culture Filtrates. It has, indead,
been found that Staphylococcus aurcus cannot bz made to grow in the
filtrates of pnewaococcus cultures which contain psroxids. Proof that
the peroxide is in jts2lf solely responsible for lack of growth under
these conditions, is found in the fact that Staphylococei will grow
in these same culture fluids after the peroxide has been destroyed by
heat or lost by deterioration ﬁhmugh aze, Fartaer, Staphylococeil grow
abundantly in culture filtrates of pnemnococci‘ iu whizh the formation
of peroxide has bzen provented. |

In the case of ‘pnemo@cms, however, growth inhitition
of this organism in 'its' own culture fluids is conditioned primarily t;
the exhaustion of fermentable substaxice, and only secondarily by the
presence of the péroxid.e, since in culture filtrates in which percxide

is not present a second growth of pneumococci cannot be initiatsd unlsss




additional carbohyirate is cdded. | et

Productidn pf Peroxide by Bacteria Other thon Pneumococei.

The discove'ry' of peroxide formation .by pnsumococcus
has led to the étud;/ of the occurrence of this compound in the culture
fluids of 6thcr cocci. It has been foimd that under similar cor;ditions
of growth Streptococcus viridans,'an organism dlosely related biologi-
cally to éneumococcus, produces peroxide actively and promptly, this
substance being.readily demorstrable in culture filtrates within the

first 18 hours of growth, The production of peroxide by hemolytic

streptococci, however, is Aless constant and its formztion always de-

layed. Of 23 strains of S. hemblyticﬁs, 8 failed to give the peroxide
reaction at any time, while the remaining 15 strains gave a positive
reaction only after the cultures had been incubated 86 to 110 hours.
Only 2 strains of Staéh&ioéoccu# aureus have been tested and both of
these failed to fom peroiide. It is interesting in this comnnection
to obseﬁe tha.t' S.taphyloeoécus aureus possésses & marked catalyase
which is capable of split:ting hydrogen peroxide. This fact may account

for the absence of peroxide inm culture fluids of this organism,

Chemical Nature of Sghl‘ub.le Sp‘egigic Substance of Pneumococcus Origin..

Dry Avery and D;:v . geidé;ba r?,ég' .

The study of the soiﬁble, »épecifically precipitable sub-
stance which is excretéd in the urine of patients suffering from pney=
monia ie being continued, This a;:!':.iv”e.' substance is "d.érived from the
infecting organism s,nci passes the k'idney unchanged in specificity and
appeérs in the urine i‘:; a form which reacts only with antipneumococeus
serum of the same type as that of the infecting pneumococcus. The

study of this specifically reacting substance has shown that it is not

protein in nature. It ise stable in boiling solutions; is not dialyzable
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out it is precipi-avea s..0 -~ 2o-liow b, 2ccion2 and alconol, These
proprrties ars now being made wse of in 2u actampt to isolate and purify
the substance. The protcin of ihe urinc is removed by boiling with

dilute acetic acid. The neutrnlized and concenirated filtrate is now

poursd into 10 volumcs of acotoas, the aqueous solution of the result-
ing péccipitzte is then dialyzed watil salt-frae, and reprecipitated
first with acetone and ther with absolute alcohol. The specific sub-
stance differs from many of the immuritiss accompanying it in not being
procipitated by phosphatingstic acid or mercuric chloride and in being
insoludle in hot glacical acetic acid. The purified preparations have
been found to retain calcium very stubbornly, but ars still highly
specific aftor this 1s removod so that the presence of caloium does not
appear to bse egsential, One purified sample which has been tested
contains 6% nitrogen and practically no free amino nitrogen; but on
hydrolesis ylelds about 50 per cent of the iotsl nitrogen as amino
nitrogen and 20 per cent as ammonia. About 1.5% of sulphur was also
found, and if this is an actual part of the molecule it would indieate
that ths specific substance has a molecular weight of at least 2000,

| A product with practically identical properties and ans- -
lytical figures is obtained by dissolving washed pneumococel in antis
formin and purifying as in the case of urine. It has recently béem

found that a further inactive fraction can be split off by precipita-

ting fractionally with acetone and it also appears that the active
substance is not a polypeptide or jroteose, as 1t is not precipitated
by mercuric chloride in neutral solution.

The serologic type speclficity of the reacting substance
rermains wnimpaired by these chemical procedurss. This permits the em~

ployment of a delicate biologic test to detect the presence of the active
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substance throvghout the varicus chemical manipulations incident to the
search for its stiuctural constiiution. The conditions seem excellent
for determining the chemical nature of this substance with which the
type specificity of pneumococcus is so intimately bound,

Oxygen Therapy in Pneumonica.

Brief attention was given in the last report to the
question of the administ:ation of oxygen to paticnts with pneumenia,
and ths construction of a special chamber to be used for this purpose
wag briefly commentcd upon. The designing and construction of this
chamber vas undertaken two years ago by Dr. Stadic. With his departure
for Now Haven the work was continued by Dr. Binger. Dr. Stadie's re-
port of his work appearcd in March, and although the problem is still
under investigation by Dr. Binger, who is accumlating further data
from the study of patients in tha chamber, it may be appropriats now
to discuss with some greater detail the questions involved and to de-
scrids a little more accurataly the apparatus employed.

The employment of oxygen as a therapsutic agent is not
new. Shortly after the discovery of oxygen, and particularly follow-
ing the demohsf.rgtion of tha role of oxydation in life processes, the
inhalation of oxygen as a therapeutic measure began to be employed, ..
Ever since then it has been employed to a greater or less extent, the
frequency arizi dsgi‘ee of its use varying in waves like that of fashion -
in dress. The rétionél of its ‘usa,. howsver, has never been firmly @ -
established and the me{ﬁhod of its employment has been a varied as would
be expected under the existing conditions. It may fairly be said that
a very few years ago the general opinion of physiologists was that the
therapsutic use of oxygen was entirely irrational and unsupported by

experimental evidence, Consequeﬁtly, although oxygen continued to be




exployed in certain conditions, its use 'beca_tme chiefly a death-bed
measure and, wafortunctaly, in most cases a measure employed chiefly for
the purpese of creating an impression of great endeavor.

During recent ycars, however, there has occurred a great
increase in knowledge concerning the phenomena of oxydation and reduction
in the tissues and concerning the role played by hemoglobin in the
respiratory mechanism. This advance is due largsly to the accurate
quantitative work of Danish and English physiologists, and to the work
of Van Slyke in this Hospital as well as other American iavestigators.
These studies have again supplied theoretical support to oxygen therapy;
.evidence has been accurmilated to support the view that ;ln cascs where
the blood passing through the lungs is unsaturated with oxygen it should
be possible to increase the degree of saturation by increasing the per-
centagoe of oxygen in the alveolar air. Whether this would be practically
possible in cases of infection of the lung could only be determined by
the dirsct determination in these cases of the degrece of saturation of
the arterial blood after it passes the lungs.

Now, the work of Dr. Stadie has made the direct investi-
gation of the artertal blood possible, so that it has seemed important
that the question of oxygen therapy shoﬁld again be investigated, in the
hope of getting esvidence, based both on theoretical considera,tions a.nd -
practical experience, to justify its employment especially in the. treat- .
ment of ‘pneumonia, but alse in the treatment of cardiac and other dtgeases
in which there is apparently a deficient oxygemation of the blood in the
lungs. To moke this study of any real and lasting value 1t was obvious
that the administration of the oxygen should be made under conditions
whete the amount could be aeeurately gonyrolled, where the discomfort to

the patient should be reduced to a minimum, and where the investigmtion
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of the patient as regards cnalysis of the blood gases, studies of the
respirator; movements, etc. should not be interfered with.

Tae older methods of administering oxygen were Very un-
satisfactory. Vhen oxygen is allowed *o flow through a funnel held
over tno pationt'sfage znd he tiws breathss a mixiure of air and oxygen
of unknovn amount, it has besn found that diffusion of oxygen occurs
so rapidly that thc oxygen content of air in the lungs is but little
influcnced, or influcnced in o véry inconstant and irregular manner.

Tho -ase of masks held tighzhyover the aticnt's mouth ~nd nose causes so
mach discomfort and is so dis*ressing that it cwi bo continued only over
very short periods ol time.

After due corsicderation it became evidont that to solve
tnc problem whether cr not tha inhalation of oxygen is boneficial and thon
to deteruine the optimma amounts to employ, it would be best to construct
2 chambar in which the atmosphere could be reguleted et will, and large

enough to contain the patient and the necessary apparatus for investi-

gation, and also suflficiently large ¢ that the nursing within the chamber § f

could be ag efféctively done as though the patient were in the open ward.
A chamber of this kind has now been bullt in one of the

' i N T
wards df the Hosvital and after mony changes and mach effort on the part
of Dr. Stadie, and later Dr, Binger, it has been made very satiéféctbry 80

that patients may be kept in it for days, or ecven weeks, in an’atmoéphere

containing 50% of oxygen or even more.

A picture and diagram waich give some idea of the construci~

ion of this chamber are shown on the following page:
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Text.lia. 1. Schematic drawing of oxygen chamber with ventilating system, carbon dioxide scrubber, cooling device, auto-
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The paovograghlc diegrom indicates the construction of

the chaomoer, While the chambar is not absoluiely air tight, it has
baen so consiructed by m2ans of falt gaskets on the doors, etc. that the
lealkage is very little. Therc are two doors, one leading directly into
the chamber for the adrission of the bed, and a sccond one leading

from the vestibule or lock:. The nurse or physician enters the tightly
closing lock closet, quickly closes the door behind him and then through
& second tightly closing door enters the chamber. In this way loss of
large amounts of oxygon is avoidei. A food lock is provided so that
food and oth;r small articles may bs taken in or removed without great
loss by diffusion.. The oxygen is delivered from tanks to openings neat
the floor of the chamder. Tho alr is drawn out from the roof by means
of a fan and is then passed over refrigeration coils and rezdmitted near
the floor, a constant circulation of air dbeing kept up. The diagram chow:
the air passing through a scrubber, thzot is a case containing soda lims,
inserted for the purpose of removing the excess of C Oz. It has been
found, however, much more satisfactory to have the scrubber directly

in the chamber and to employ a second small fan for the purpose of forc-
ing the air through 1t. A very satisfactory variety of soda lime has ‘
now been obtained which is c-Qompa.xatiwlrely inexpensive and with whicﬁ the
C Og content of the chamber cen be ¥ept under 5%, even for very prolonged
periods. While the autoxatic analyzer devised by Dr. Stadie was a most
ingenious invention .{t has been found to require much attention, and a
very simple method of analyzing the air has been arranged by Dr. Binger
so that the nurse can take samples of air as often as required arid‘ with-
in a few minules determine the Oy and C O, content.. With a véry little
attention and care it has been found possible for the nurse to control

the admission of oxygen so that the percent of oxygen in the air within



the chamber is kept ot an clmost uniform levsl.

Whils in the first experiments that were rmde it was
found nacessary to use large amounts of oxygen, the loss by leakage,e‘c.
has now been so controlled that the chamber can be properly employed at
a cost of only $4.00 per dayr for oxygen.

Viith this chamber and with the methods previously
mentioned it is now possible to determinc before the patient is placed
in tho chamber axncetly the degreo of oxygen saturation of his arterial
blood, and then, after a patiend has breathed an atmosphere of known
oomposition for a given length 6f tims, to again determine the degree
of oxygen,":;:turation and 80 to know the effect produced by the atmosphers
of high concentration of kmown degres.

A mumber of patients have now been treated in this cham-
ber for v.:xrying lengths of time, ons patient was kept in ths chamber
almost continuously for thirteen days. One conclusion can now be drawn
from these studies and that is that in most cases the anoxemia, that is,
the oxygen saturetion of the blood, may be relieved. Whether, however,
this is of any eal importance in the outcome of the disease only -mmch
more pfébtioal '*expe'ri\ence will tell, The impression so far gained, How-
ever, is that the msthod is of clinical value, that patients treated

in ‘this w#ay Bre improved and their chances for recovery become greater.
It seems off-land that this should be tho case and that the relief of
this condition of anoxemia, which is c‘ertainiy- abnorml) -should aid fhe
vpatile'n{:' in recovering. The mechanism of this relief, however, is diffi-
cult to krnow. Certa;'inly the patient with pncumonia is not suffering from
a deficient amount of oxygen :sﬁpply td the tissue. In the case of anemiz
of moderate grades, for instance, the amount of oxygen supplied to the

tissues may be much less than in the case of preumonia and still no




symptoms be marifest, £Ls Sitadie has pointcd out, however, the iension

at which thc oxygen is delivered to the tissue may be very different
in the two instances. These ard relative rntters must be studied be-
fore a clear idea can be had of the value of this form of therapy. The
facilitics for study of the problem in the Hospital are now excellent
and it is planncd to continue this work during the coming winter. If
oxygen therapy proves to be uscful, in order to moke the method gen-
erally available it will probadbly be necessary to devise some simpler
arrangement than the chamber. It mny be possible to construct a rub-
ber tent, to be placed over the bed, which will be effective. Dr.
Binger is now at work designing an arrangement of this kind. For hos-
pitals, however, a chamber such as built hers will probably always be
the most satisfactory.

Expedition to the Andes to Study the Physiologfc Effect of High Altitudes.

In November, 1921, Dr. Binger was granted leave of
absence to join an expedition to the Andes, which had for its object
the study of problems closely related to those involved in the question
of oxygen therapy. This expedition, financed by granfs from the Royal
Socie'ty_and other institutions and by a grant from the Rockefellser In-
stitute, was headed by Joseph Barcroft, F.R.S. C.B.E. the physiologist
at Kings College, Cambridge, who is known chiefly for his contributions
on the Respiratory Function of the Blood. The four Americans besides
Dr. Bi;iger were Drs. Bock, Forbes and Redfield of Harvard University
Medical School, and Dr. Harrop of the Presbyterian Hospital. These men
were joined in Lim, Peru, by Mr. B#rcroft ~nd Dr, Doggart of Kings
College, and Professor Meakins of the University of Edinburgh. Through
the cmrtesy of the Central Railroad of Peru, a British corporation, a

baggage car was obtained which with a little corpentry was converted
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into a splendid physisiogic icboratory, and a ‘reight car which served
as a store for supplies.

After a little more than a week at sea level, while the
laboratory car was being equipped and preliminary observations were being
made, the party procecded upwerd on the famous Andcan railroad to an
altitude of from 14,0C9 tc 15,000 feet. The terminus of one branch of
the reilroad is at Cerro de Pasco, an ancient Peruvian town of some
9,000 inhabitants., Here the oxpedition made its headquarters and car-
ricd out the investipations plammed at sea lavel. Cerro de Pasco is
the sito of the great coppar mines, origirally worked by the Incas and
Spanish Colonials and in recent times chiefly by American interests.

The officers of the Cerro de Pasco Copper Company were most hospitable
and cooperative and, indeed, took a great interest in the work of the
expedition which was not without its practical bearing. Throughout
their sojourn on the mountain top the parsonnsl of the expedition lived
as guests of the Cerro de Pasco Copner Company in the Company Hotel.

Ths rapid transition from sea lgvel to an elevation of
15,000 feet was not too well borme by the members of the party. Indeed
all of them in greater or less degree succumbed to the condition kmown
locally as "serroche", which is the Peruvian name for rﬁountain sickness,
This 1s a rather .distressing condition, characterized by intenss headw.
ache, nausea and vomiting, slesplessness, shortness of breath, rapid
heart rate and often fever and wisuval disturbances, Some of the party
were incapacltated for a day or two, others for a week. Mountain sick-
ness is now lkmown to be due wholly to the low oxygen pressure in the
atmospheric air found at high altitudes. It was the acclimitization
to this diminished oxygen supply which the expedition undertook to study.

The subject has been undar investigation for more than




half a century. Physiologisns of meny lands have made balloon &scen~

sions, climbed to the tops of mountains and lived in steel chambers
under diminished atmospheric pressure to study the consequent bodily

changes., One of the most noteworthy expeditions was that headed by

Prof. Haldane of Oxford to the summit of Pikes Pecai, in 1913. This
group of investigators found what Haldane had previously believed,

that undor conditions of oxygen want, the lungs had the apllity to

secrete oxygen just as the rmicous membrans of the stomach secretes

hydrochloric acid, and in this manncr the norrml pressure Or concenira-
tion of Op in the circulating blood is kept up, in spite of the re-

duced pressure of Op in the atmospheric air. Recently new methods of
investigation have becen dovised which have justified a reinvestigation
Bf this problem. It is now possible to take samples of arterial blood
and analyze them for oxygen and thus ascertain to what extent the ar-
terial blood is saturated with oxygen.‘ Knowing its capacity for oxygen
and its content, we can express quantitatively the per cent of sature-
tion. Mr. Barcroft used this techniiiue on himself in 1920, when for

six da.ys a.nd under conditions of considera‘ole discomfort and, indeed
hardship, he 1ived in a steel cha.m’ber under greatly diminished e.'anoe-’ww
pheric pressure. The result of his investigation was in direct oon- .

R

tradiction to that of ‘the Pikes Pea-k Expedition. No evidence of oxygen

o secretion wa.s fOund, the arterial blood being only partly sehnoted
with oxygen and containing no more than could be accounted for by
simple diffusion of atmospheric oxygen tnrough the lung tissus into'
the blood stream.

Ha.ldarie did not accept theee results as conclusive,
because of the relatively short exposure of the subject to low atmos-

pheric pressure. And it was largely to settle this very important



controversy that Mr. Borcroft organized the Peruvian Expedition and .sel-

ected for the work a place whare humans had lived and had done hard

[¢]

physical labor for many gonerations at much diminished oxygen pressure,
and 2t the same ¢im2> a placc accessible by rail and thus ideal from
the point of view of transmorting the neccssary eguipment.

Tac expecition divided 1ts material for study into three
grouns (1) tho mtives, (2) *he Ar.zlo-Saxor. residznt engineers, some of
whoma had been at Cerro de Pasco for five years, (3) iis own persomnel.
Onc of tha first observations which it made was tho maried and almost
universil presence of cyanosis,- by which we mean a blue color of the

’

skin, particularly of the cheeks, ears, nose, lips, finger n2ils, This

we know to be due to an increase 1n the prescnce of reduced or unoxydized

Hemoglobin ~ the red pigment in tho blood that chemically binds and car-
%ios oxyzan. Amalysis of arterial dlood taken from éubjects of all.
three classes corroborated this observation, and showed, in fact, tha
presence of oxygen unsaturation to an extent wholly accountabdle for by
the diminished partial pressure of oxygen in the air.

A great variety of oiher physiological phenomena, deal-
ing with circulation and respiration, were inguired into. These é.re too

mmerous and technical to include in this report. One investigation '

which was of considetable practical interest to the Cerro de Paseo Cop-

per Company was the study of the sé-called "diffusion constant® of oxygen.

A method of measuring the rate at which Op passes through the walls of
the air sacs of the lung into the blood siream has been devised by M.

Xrogh. Employing this method it was found that those members of the

Expedition in whom O, passed slowly were more seriously affected by high

altitude than those in whom Oy passed rapidly. This offers the possi-

bility of determining in advance whether a given individuzal is or is not
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‘breath. This’ method has’ 1nvolved mzmerous difficulties which have fina.lly
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adapwed to lide a® np'i.a .o it.acc, ond this Is & matter of nc little ‘
interest to the Cerro de Pasco Copper compary.
The 2xpadition ratumecd to liow York in Jamuary, 1922. In
brizl the results were *hese
(1) No eviderce o. 2.p7yen sccerobicn could be fourd.

(2) Dxygen unsatarstica of the dlecod was proscont in all the sub-
jects investizatza.

(3) Certain chemical changes in the blood were obsarved which
could be interpreted as scrving to increase thu blood's af-
finity for 0‘3
. (4) A variety of anthropological measurements were made, indica-
ting that the Andcaa has proportionmataly a larzer chest than
the Anglo-Saxon.
The results were presented by Mr. Barcroft at a series of
loctures given at the Lowell Institute, in Boston, in Fedbruary, 1922,
and have since been presented by Dr. Binger and other members of the ex-
pedition before several medical and scientific societies. A complete
report is about to appear in the Proceedings of ths Royal Society.

Studies of Tung Volume.

Dr, Binger.

In ® previous report mention has been made of a method for
'Mi
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determining luiag Yolumns’ m patients who are suf‘ering from shortness of
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been sumounted 80’ that it 1s now a.pplicable “to pa*ienta who are capabls
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of very’ tittis’ co-opera.tion. . o
By lung volume is meant, not the volume of lung tissue, |

but the volume of air enclosed in the air sacs and respiratory passages.,

The maximm amount of air which can be enclosed in the lungs on forced

inspiration is kmown as the total capacity. Of this only a portion,- in

normals, roughly, 72% - can be expired, That portion which can be expired



after forced inspira‘tion is known as the "vital capacity"”, and that
which cannot, but which remains in the lungs, is known as the "residual
air". In normal subjccts the vital capacity bears a definite relation-
ship to certain other body measurements, such as height and weight and
surface area, and, knowing thase measurements, the vital capacity in a
normal individual can bs predicted to an accuracy of about 10%,

- Employing these normal standards it has been found that
in patients with heart disease the vital capacity is diminished and
that the degree of reduction runs quite closely parallel to the severity
of heart failure: Since this dimimuition in vital capacity is undoubtsdly
closely related to the phenomenon of dyspnea or shortness of breath
80 commonly seen in pationts with heart disease 1t is of great impoft-
ance that more should be learned of the nature and cause of this ro-
duction. It is obviously important to learn whether the reduction in
vital capacity involves a reduction of the total capacity or whether
vital capacity alone is reduced. If vitél capacity alons is reduced and
the total capacity remains norml a propor_tionate increase in "residual
air" must be present. Now, vital capacity can be measured with relative
eage, The patient needs simply to take the deepest breath possible and .
then to blow into a movable tank, called a spirometer.

To measure the alr remaining in the lung after forced.
explration, or the residual air, is far more difficult. To determins
this, indirect methods must be employe.d. Such a method has been de-
vised by Dr. Binger and was described in some detail in the last annual
report. The method has now becn improved upon so that it can be easily
applied in ill patients and it has now been employed in studying a
mumber of patients sufféring from pneumonia and heart disease. These

studies have shown that in some cases of heart disease, apparently the




£arrly onzg, th2 residual air may be slightly increased. This lends
supmort to ths theory prevalent in the literature that the cardiac pa-
tient lzeeps Ris lungs in a more inflated position than the n;meal. In
ih2 moua severely 411 cardiac patients, however, especially those suf-
fering from evidcnce of ccagestion in the pulmonary circulation, ths
residunl air as well as ths vital capacity have been found to be dim-
inished.

That there is a closs relationship between the air space
in the lung and the condition of the pulmonary circulation is apparent.
At present we have no methods for rakinz iireat observation on the
lessor or pulmonary circulation which plays 80 large a role in the patho-
logical-physiology of hoart disease. The only amproach we have to the
state of the pulmonary cirvulation, besides the ordinary methods of
Physical exanination, is through a study of the air content of the lung
or lung volume. It is very probable where there is stagnation in the
pul momary cilicula*ion thers is encroachment on the air sacs of the lung
and diminution of the lung volums, A vicious eirele is thus established,
stagration of blcod gives rise to ‘diminished air content and diminished
alr content in turn is followed by imadsquate ventilation and imperfect
gasocous diffusion from and into the blood. It is possible that foréed
deep breathing in the cardiac subject may lead to increase in lung volume
and to decrsase in the degreec of stagnation in the pulmonary circulation.

The study of lung volume in heart discass may give import-
ant information concerning: |

(1) the mechanism of eardiac dyspnea;
{2) tne condition of the ptulmonary circulatien;

(3) the problem of gaseous diffusion in the lung.




In pneamciic Dr. Bingsr has mede a few preliminary obser- ’
£ .

vations on the ques*ion of lung volum:. Here, as in the cardiac patient,
the zir sacs of the lung =re encroached wupon and sven cbliterated by

congested capillaries ard by “he deposition of fibrin and exudate. As

yet we have no Vary satisfactory correlation batween the extent of pul-
monary involvement and the course of the disease, particularly the ap-
pearance of such untoward éymptoms as yapid and shallow breathing and
cyanosis. It is hoped that a quantitative study from day to day ina
pneumonia patient may help us find such correlation. It is knowledge
of this sort that can give us the information necessary for rational
oxygon therapy. ZEventually we will need information about the diffus-
ion of gases in the lung of the pneumonia patient and to get this in-
formation it i3 necessary to measure lung voluma.

The method of measuring lung volume in pneoumonia patients
differs somewmt from that employed in the cardiac patients. We cannot
get a satisfactory determimtion of the total c;'Lp'a,ci,'ty. because the in~
dividual sick with pneumonia is incapable of a forced- deep inspiratiom
and expiration. We must therefore measure the volume of the air in the
lung during quiet, normal, breathing, For this pu:@os.e Dr, Binger ha§
chosen an afbij;rary though, to be sure, fairly constant pointv in the o

respiratory cycle, mamely,the p osition at the end of guiet 3xpiration.-

Lung volumes are measured atAthis point. At present D_r, Bingér is en~
gaged in the study of the resting expiratory position in a series of nom_al-‘
individuals for the purpose of establishing, if possibleA,} some empirical
constant whereby the measure can be related to some other physicel factor,
Just as vital cap8city is related to surface area. ‘

It is hoped that having established this factor, we will

know what the npormal resting expiratory pesition should be, and then,
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aow much the patient undar investigaticn deviates from i%, and how he

p approaches it during convclescence.

:The recent work of Krogh on the respiration of insects
has shown at what point thc respiratory tracts becomes sufficiently large
to necessitate the respirctory motion. In the smaller insects simple
diffusion of air into the tubules is sufficient to maintain the oxidative
processes necessary for life. In large insects where the tubules are too
long to permit diffusion alone to meintzin the necessary oxygen concen-
tration in the air sacs, respiratory motions are necessary. We have no
way of mecasuring the size of the respiratory tract in man, oxcept by
measuring the volume of its air content. With this knowledge, and par-
ticularly with a knowledge of variations in size during diseased states,
we may have valuable information on the facts controlling rate and depth
of respiration.

nogis.

Dr, Iundsgaard and Dr, Van Slvke.

Considerable attontion has been given by Dr. Lundsgaard
and Dr. Van Slyke to a2 consideration of the theoretkecal and pfactical
aspects of cyanosis, basing their study om a historical review of the
literature and on the recent quantitative blood gas estimations made‘here‘
‘and by Dr. Lundsgasard.in Copenhagen. ,
| . Cyanosis is the name given to a pecuiiar bluish color of
the skin and mucous membranes seen in various abnormslities of the cir-
sylatory and respiratory systems., If has been known to be dependent on
cﬁﬁﬁgaa Ql the dblood, particularly changes in the hemoglobin, and in most
¢ases is related to an increased amount of reduced hemoglobin in the cap-

illary blood. Dr, Imndsgaard, through quantitative studies, has shown

that the occurrence of cyanosis is directly dependent on the absolute
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amount of reduced heroglobin present in the capillary blood, rather than
on the ratio between it and the amount of oxyhemoglobin present. As a
result of a series of estimations of the oxygen saturation of the ar-
terial and venous blood in norml persons and in sick persons showing
various degrees of cyanosis, he has determined that in general the pres-
ence of at least 5 grams of reduced hemoglobin per 100 c.c. of capillary
blood is necessary before the skin acquires the dluish tint called cya-
nosis,

Now lack of normal saturation of the hemoglobin in the
capillary blood may depend on one of several conditions, chief of which
are, first, failure of the blood to undergo complcte oxydation on pas-
sage through the lungs and, second, mixing of oxygenated and unoxygenated
blood in the vessels, dus to a shunting of part of the blood from the
arterial to the venous side of the circulation, this part of the blood
being vnexposed to aeration in the lungs. Drs. Van Slyke and Lundsgaard
have subjected the known facts concerning the latter condition to a
mathematical treatment and have deduced formulae by means of which in any
given cass the fraction of blood which fails té pass through the lung
can be estimated, 1f the degress of unsaturation of the venous and of
ths arterial blood are known. By means of these formulae they have es-
timted that for cyanosis to become evident 2t least one thirZi of the
blood must pass through the st and bse unexposed to aeration. This

is mch more than was previously thought to be necessary dut the con-

clusions from the available dats ssem to be valid. In any case, their
tregtment of the subject has brought much clearness into a very complex
and difficult problem and will undoubtedly be of great practical value
in the rational application of oxygen therapy. Their paper dealing with

the whole subject of cyanosis will shortly be published.
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Rleungptic Fever.

Dr. Swift.

Since the last dnnu.i report the cliricel stady of rhev-
matic fever by Dis. Swift, Boots and Miller has been facilitated oy great-
er ease In securing suitable patients and by th: cooperation of those
previously admitted. It seems more and more probable that the disease
often persists in these patientsvfo.r years and that the relapses so fre-
quently seen are due to a lighting up of latent infections. TIhus rheu-
matic fever may be tbmpared with syphilis or tuberculocis: diseases of
known etiology, in which there are often long periods of latency, followed
by relapses. The amalogy may be carricd still further: ‘n tuberculosis
we know that the most effective treatment is the building up of the pa-
tient's general resietance, and keeping him always generally fit. The
same may be applied to the treatment of rheumatic fever. It is a diseass
accompanied by severe anemia and loss of weight; the rate of improvement
usually parallels the recovery in weight curve; relapses often accompany
a fall in this-'our_ve._ ,

| e Rwumtib fever 'rejéiemble's syphiiié in its tendency to re-

'lapse and in the manner some of. thé clinical manifestations respond to

certain drugs. The lesions cftei'tiary éy_éhilis usually disappear when . i

the pationt is given sufficlont apodnis of potassium 10didd, even though
tﬁis drug dOB's_-nd'E_'d.fdg.t@cy_ tbe Tyeponsme pallidum. Likewise, doée‘s of |
me roury or salvarsan i’ix@.ffiéienf to éiim‘imte completely the Treponema
from thg body of the. syphilitic i:é.tieﬂt often arrest and remove secondary
lesions. ‘ B

The action of “the so-~calléed specific anti-rheuratic drugs -~
compounds of salicylic and'phénsrl—cinclhé‘:riinic acid - seem to us to be com~

parable t6 the remedies mentioned above. For nearly fifty years the




salicylates nave been used sucesssfully in combatting the fever and joint
inflammation of patients with acute articular rheumatism, but the reason
for this peculiar action is urknown. The lack of knowledge of the cause
of this disease is partly responsible for the ignorance of the mode of
action of the anti-rhewmtic drugs. Our clinical studies have elicited
ovidence that cven though patiznts under the influence of salicylates fail
to show such signs of activity of the irfection as fever, sweating, rapid
loss of weight, and inflammation of the joints, therc ray b2 evidencs of
acute cardiac involvement, and the withidrawal of the dimg is ofizn promptly
fol‘lowed by relapse.

| The provlem immediately presents itselt o7 deierinirg
which patients are still harboring a latent infcctior 1inble to beceme
active ©.s soon a3 salicylates are withdrawn. It has been found that most

of these patients contimue to have leucocyte counts of 10000 to 12000 or

‘more. Thesc mederate degrees of leucocytosis at times persist for months,

and close clinical and electrocardiographic study of the patients indicate
that they are probadly still harboring the infectious agent. Practically
all of ths patients who have shown a normal number of leucocytes for sev-
eral weeks have remained free from relapses. We now regard the leucocyte
curve as a valuable guide in the administration of the anti-rheumtic drugs.
During the past year we have been studying the effect of
treating rheumatic fever patients with .comlzounds of phenylcinchonie acid.‘
These drugs have the trade names of atophan, or cinchophen, and novatophan,
neocinchophen or tolysin., They were originally used in the treatment of
gout as it was found that they increased the excretion of urates by the
kidneys. Iater, it was found that they diminished the fever and relieved
the arthritis of acute rheumatic fever patients in much the same manner as

'did the salicylates. It has been claimed that they are less toxic than




shown that the reaztion of the exudate in rhocumatic iever is practically
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the salicylotes. (v siud.es inldicate that cinchophen is'useful in re-
lieving the distressirg acute symptoms of rheumatic fever, but that it
is too markedly a gastric irritant; however, neocinchophen does not have
this distressing effect, scems less toxic than the salicylates, and in
therapeutic doses is especially less irritating to the kidneys. This
compound will probably not replace the salicylates, but is a valuable
substitute in those cases where the patients show an idlosyncrasy to
the older drug.

Drs. Booté and Cullen have completed their study of the

reaction of joint fluids in the various forms of artkriiis, and have

the same as that o tne blood; while in those irilamxaticas of joints

dus to invasion with hemolytic streptococei or sﬁaphylococci'the reaction
is acid. They have also shown that ratbits having an acute inflanmation
of the knees due to infection with non-hemolytic streptococci also have
exudates in these joints acid in reactioun. These findings point to the
improbability of recovering streptococci from the joints of rheumatic
fever patients, and also show th;t patients saturated with sodium sali-
cylate could not have Tree salicylic acid in their joints.

Dr, Boots has made a microscopic study of the joint fluids
of rheumntic fever patients, and found cell counts varying between 1000
and 32000; the higher counts occurred in the firsti days of inflammation
when the predominating cells were polymorphunuclear leucocytes; later,
large mononmuclear cells were more in evidenée.

He has also studied the nature of the joint involvement
in patients with serum disease, and shown that small amounts of turbid
fluid having from 5000 to 20000 cells per cubic millimeter can be as-

Pirated from their joints. Both grossly and microscopically it is dif-
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ficult, if not imgossible, to distinguish this exudate from that found

in rheumatic fevar., The gross signs of joint involvemznt in serum

£

disease orz, however, mach less marked. Thess findings show that a

distinct inflairation of the joints may be excited ty a foreign pro-
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We nave stulied the action of sodium salicylate on
tho arthritis of rabbits infected with sremstreptocecci. It has been

claimed by some that these streptococci, of low viruwience, are the

ol _m&mm’-w‘m
< eioer

cause of rheumtic fever, and that the lesions in 1athiis infected with
them are the samo as those of rhewmatic fever ratlients. Ve have been
able to show that when rabbits were inoculatcd with gr2en streptococei,
aftor being put under the influcnce of sodium salicylate, they de-
Ieloped arthritis in practically the same proportion as non-salicylated
rabbits; dut that the non-salicylated animals had a considerably higher

propotion of severely inflamed joints. Although the effect of sodium

salicylate &n these animals was different from that seen in patients,
this is the first demonstratipn that this drug has a definite anti-
bacterial action in the anima) body.

Cardiac Di seaée .

Br. Co Dr. Levy.

_ | Duriﬁg the ‘pa.at year, the work in this laboretory has
A‘beer‘x dsvoted to a coptinuance of the study of the actibﬁ of qﬁinidine
both in patients suffering from auricular fibrillation and experimentally
in dogs; to a contiyuance of the electrocardiographic study of ;(:he heart
in rheumatic fefer and to gertain problems comnected with the behayior
of the normal eleetrocardiogram, | |

Iast year we called atiention to the discovery which had

been made in Germany, that guipidins, e cinchona derivative, when given
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to a certain percertagz ¢f persons suffering from auricular fibrillation,
possessed the power of restoring the noymal cardiac mechanism. At that
time we examined experimentally in dogs, certain of its effects on the
heart and circulztion, dcscribing especially an augmenting action on

ths contractils power of the ventricular muscle. Sincz then we have
studied in detail tkh: precise mechanism by means of which *hz drug is
able to bring about a termination of tha fibriilatory Hiozess.

Vie procecded on the assumption that the sleory of cir-
cular excitation, as the basis of the fitrillator, p.oc 8 was correct.
That a process such as this could be mails %o a:ds. wag shavm in this
country in 1308 by £, C. Mayer. Later, #1 1813, V. E. Gurrey in Ameri-
ca, and . R, Mines in England cugges*ed this Drocess as the cause of
fibrillation. lator still, in 1921, lewis demonstrated the probable
coorectness of this view in elsborate exneriments in dogs. In this
theory, i1t is supposed that an impulse can course in a circular fashion
in a plece of muscle, provided it is sufficiently large, especially
if the muscle is in the form of a circle. The entrance of the great
veins into the right _auricle resuits in an arrangement of the muscle
about them such that a circular strip of tissus ie actuslly available,
sho- uld there arise a stimlus ready to utilize it. The experimental
evidénce indicates that stimuii do arise which behave in this way. Now,
in order that an impulse may travel round and round a circular strip of
I\mJ.scle, it is obvious that a given Bit of tissue at a given point of
the circumference must be ready to receive it, must be ready to be re-
excited by it, when the impulse returns to its starting point, Other
things being esqual, the vonliy practicable way a circus movement such
&g this can be stoppéd., is to place the muscle in a state in which; when

the stimulus returns, 1t cannot receive it. This might be done by length-




ening the refractcry period of the ruscle, that period during which the
mascle cannot be excited by the returning stimulus, or by rendering the
fatz of passage of the impulse so rapid that the impulse return befors
the refrectery pariod hnd passed off. VWrether thesc asswmaptions were the
facts, we determinel to put to the test of experiment.

For this purpose we empleyed araosthetized dogs and studied
with two galvarnometers, the rate of passage ol ile irpulse between two
roints on the auricular surface to which the palvanometers wera commected.
Tnis we cculd do easily since we knew the distance between the two points,
ani, by photographing the shadows of the two galvanometer strings, kmew
thie time interval between the appearance of the action current at these
two points. The refrcctory period we learned by stimulating the auricle
with induction shocks at various instants during diastole, and photograph-
ing tho cardiac action current during this procedure. The calculations
which were made of the time elapsing betwesn the last contraction and
the stimulus were then arranged chronologically. It was apparent that
there resulted first a series of such periods in which no responses on the
part of the auricles took place and then another series in which responses
wers obtained. The refractory period is the longest period in the first
group, the group of the no-responses, The experiments are laborious so‘
that not many were performed.

Our results were of great interest. We found first that
the rate of’cbnducticnfwas ejthér unchanged or made more rapid; it was
never slower.‘ This is a result contrary to the one which is desir®ble
for this purpose. We learned however that the increased spsed was not
so great as to'xrender ineffectual the effect which was obtainsd on the
refractory period. The effect on this we found to vary, but there were

cases in which ihe increase was 50 to 100 per cent, quite enough to render
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L p2’ns oa th. clrel. .f sissuwe refractory when the circularly travelling

tupaise rz2ourned to it.

Wle were able to show then that we pussosscd a means for
altering o function orf ta2 hoart mascle in a Cirestion, svca thet the
contiryiurcsae 2l tue circus nov ement which is at tas besis of the fib-
rillatory nrocess is rendercd impossibiz. Tuis f4,orchic rosust 18 not
unifcrm. That 14 is not, depends it appen:s ca differeanc s from arimal
to animal in the tone of the cardiac ncrves. This infirncs w2 think
is justified, for in a parallel series of experimonts pesformed by Lewis,
the influence of the norvos was excludod and 1n his experiments the
recaits vore uniform. The two series of exporiments are complementary;
trey irdlcate the essential mature of the action of quinidine; they
show why 12 patients that action is sometimss prevented.

During the yoar we continued in cases of rheumtic fever
to collect information on the behavior of the heart from day to day.

To the grosser forms of irregular heart action, such as heart block, we
have already called attention; they were well kmown., We found also that

minor changes in the coordinated contraction of the auricles and ventricles

were to be detected. In certain cases it was indeed possible to show that

with each recurring bout of fever, a disturvence of minor grade took ‘pl‘a'.ée"

in the heart, even when no arrdsting manifestation could be demonstrated = i

in the joints or elsewhere. 'We believe we possess evidence of & more
certain nature than hitherto, of the slight but contimuous ravages of the
disease. How ﬂight“th.e changes are which may be reckoned as manifesta-
tioné of disease we do not know. We hate for thls as well as for other
reasons returned to a study of the nosmal electrocardiogram.

The normal electrocardiogram, we were taught, was a phy-

sical measurement so exact and so constant that it was placed in a class
with th e finger print method, as a means of identifying individwals. It
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was kmown that in certain persons, the positicn of the bod& and the phases
of respiration influenced the form of the curves. In most instances these
dnf¥acnces were unimportant, for curves could be made in a manner calcula- '

ted to exclude their effect. Although these variations were small, they

might be sufficient to render the interpretations we were putting on cur-

ves taken from rheumtic fever patients doubtful. Ve determined therefore
to take series of curves for ten nearly consecutive days from a number of
normal young individuvals, The measurement of these curves is not yet com-

prlete. They are being measured not only with respect to the h eight of the : |
waves, but also with respect to their duration and the time intervals bet-
ween them. Great care was taken in. making these purves. The individuals B4
were always in the same position. We took care to kmow the extent and rate
of their breathing, We did this by asking them to breathe from a spiromets
and by having the épirometer connected with a sigml megnet in such a way
that each alteration of 100 cc, in the position of the spirometer was com-
municated to the signal hung before the electrocardiographic camera; the
motions of the sigml were photographed. In addition the inspiratory and
expiratory motions of the spirometer were conveyed to a closed system of
piston recorders. The lever of one of ithese also hung befors the camere
and was likewise photogrephed. '.Ihé elactrocardicgrams themselves were mede - |
simaltanesously with three galﬁmmeters nf *he thres usual leads.From cur-
ves like these,the direction of potsntial ‘could be calculated without fear
of error by the method of Einthovan, Bergansius and Bi:}tel. We believe
that we have obtained se;ba of curves having an exactness not hitherto
attained, It is clear even from an inspection of them and without meas~
urement, that the curves vary from day to day to an exitent not previously
belived to be likely. We learn from this that during the course of di-

sease, alteration in form of a grade disclosed in these series of normal
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ones, are not to ve givan too great significance. We learn also that

in 2 norm=1 series, the time relations Petween the waves are constant
to such an sxtent as toc permit the inference to de drawn that a patho-
logical process 1s present whes there are varictions as great as those
which we fourd in the curves token of rhewmtic fevsr patients. We have
& sound basis then for cornsidering the behdvior of the curves of the
ratients as evidence of a patholagical process.

Having gone so far in theo claboration of oar technique
we determined %o apply it in another direction. It is well known that
when the heart enlarges, it gives risg %o alterationsin the eleciro-
cardiogram; the curve tokes on one form when the left ventricle is hypesk.
trophic, as in aortic insufficlency; i% takes on an oppostte form when
the right ventricle is principally involved, as in mitral stenosis.
These electrical signs have been useful in the clinic, but they have in
our experience been on sccasion misleading, for we have obtained curves
resembling those found in enlarged hearts, in young soldiers and in civi-
lians who, we were quite certain, were not the subject of disease. It
occurred to us that the position ©f the heart in the chest might be an
important contriduting factor 'j.n:,i:';*oducing the .a.bnorma.l' slectrocardiogrems.
That ,sma-‘;l changes in thé, curves are possible as the resﬁl’g of respiratbry, -
maovement, we have é.lr‘aady.mentioned. An exaggemted’insta.‘ncve occﬁrg ip
dextrocardie; here the heart is turned to the right mther then the left .
side of the body and the electrocardiogreém assumes the appearence of &
mirrored image of the usual curve, Having these experiments to guide us
we planned to discover in a systenat_?c menner precisely what was the ef-
fect of the position of the heart in the chest. Obviously we could not
rotate the heart in the chest, but we could rotate the chest about the

heart. Our method was as follows; Dnstead of taking leads from the limbs
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(righ* and lefs arus and 12t les) in tae usual way, we took fhem from
the apicus of the largesy equilateral triangle which we could apply to
the chest, the bas:s ol the tricngle strotching botweern the shoulders,
tho azex below the stemmars. Vo assured ourselves thnt the curves taken
from those lecds rosembtled accurately those from the limb leads. Ve
procezded then %o rotate this triangle throush successive arcs of 40°,
taking curves at each new position from those points of the chest wall
to which the apices of the triangle pointed. By this means, we did in
effect rotate the chest about the heart. In normal individuals, by ciuite
stall changes in tha position of the triamngle of leads, by chdnges quite
possible in an amatomical sense, wo obtained curves which actually resembled
curves found 1n disedse and resembled closely those often thought to be
abnorml found in the young soldiers and c¢ivilians already mentioned.
Those were MS 1llke those seen when the left side of the heart is
large; in other positions, thouch emtomicnlly gquite improbable, we ob-
ined curves resembling enlargement of the right side of the heart,

| But this is not olli. Ve turted next to patienfs whose
hearts were kmwn heyonﬁ doubt to be diseased and whose curves were
characteristic of this condition. Ir; these patients just as in the ﬁor—- '
ml pérsons we applied tne technlque Jua descibed. We found tho.t a.f “
some position in the course of rotg,ting the leads, curves were obtained .
which resembled no _&. curves. In these cases, that curves of approximate;
ly norml appearance can be ob tained is of theoretical interest. But
that in obviously normzl persons, yielding abnormal curves, normal curves
can bs obtained by a slight a.ltemtioﬁ of the position of the heart in
the chest, is a matter of gemuine practical importance. It does not sim-

plify the interpretation of electrocardiograms, but it does something
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more imporians; it shows how the rormal individual may be saved from
b2ing considered the subjsct of chr;anic heart disease because of an
abnorrnlity in the curvc. It need scarcely be pointed out that this
danger is not theoretical, We have not by these experiments solved

the p roblem of the relation of hypertrophy ol tiue heart to patent
abnoﬁ:ality in the electrocardiogram, but we nave shown systomatically
and clearly that, especially in doubtful cases, the position of ths
normal heart im the chest must be taken into account as a facter in

the production of abnormal curves as well as the position of the abnormal
heart in the chest in the production of normal ones.

Clinical Studies of Quinidine.

The importance of the study of quinidine is better un-
derstood when i% is approciated that fibrillation of the auricles is
present in about 40 per cent of the cardiac irregularities. In many
instances the presence of the disorder is in itself serious. A major-
ity of these individuals complain of urpleasant sympioms which are di-
rectly related to the presence of the irregularity. In about half of
the cases treated with quinidine -(in our own series 44 per cent) it is
pdssible to restors the normal cardiac rhythm.. |

In May 1921, & preliminary repor was published dealing .
with the therapeutic effects of quinidins sulph2te in cases of auricular
fibrillation, This work has 5een continued during the past year; twenty
five patients have 'Been closely followed over relatively long periods
of time,

Before attempting to alter the hear{ rhythm, we have
found it better to combat heart failure, if this is present by rest in
bed and by glving digitalis. A satisfactory plan of treatment has been

outlined in which, after preliminary small doses to test for the presence
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of iCiosymcrasy to memders ol the cinchona grvoan, gradually increasing
amoants of the drug ware giver ovar a five day period. It is rarsly
necessary to continue theropy after the fifth dey, for if the romml
rhythm kas noi ensued afiter five days of treatmens, iv will protably not
result from further doses; or, if it should appear, w.ll last cnly a
short period of imo.

We have mode o special effort to learn what alterations
in the cardiac mecharism fcllow ihe administration of tris drmg by means
of electrocardiogroms rmde at frequent intervals. The first effect was
usually acceleration of the ventricular rate. Occasional ventricular
premature beats were also rot uncommonly obscrved. Restoration of the
normxl mechanism occurred for the most part on the second, third or
fourth day of treatment. Tho average dosc was 2.6 gms. glvon in a
three day period. The usuzl order of change in rhythm from auricular
fidbrillation to the normal mechanism is: rotardatiorn of auricular rate,'
that 1s to say the rats of tie circular stimlus, impure auricular flut-
ter, flutter, and then the normal raythm. The actual transition from ;, i
flutter to the normal simus mechanism has once been photographed.

Certain untoward effects have been observed, both in this
hospital and elsewhere. These accidents may be groupad under six heads:
(1) unpleasant symptoms due to gensral effects of the drug, (2) sudden,
though not fatal collapse,. (3) embolism, (4) sudden death, (5) occurrcnce

of heart rhythms indicating that the heart muscle has bezn intoxicatsd,

(6) induction of heart failure,

Patients with large hearts in whom multiple valve lesions
exist have, in our experience, been unfaverable subjects for quinidine
therapy. In them, extensive disecase of the heart muscle may be presumed

to exist. In these individunls unpleasant symptoms follow ingestion of




the drug. ONae patient died suddenly shortly after the resugption of

ths normal rhythm; autopsy foiled to reveal the cause of death, nor is
the mechanism of death in cases like this at all clear. If fibrillation
o.f the auricles has been of short durction & favorable issus of the
traatment 1s more likely. We are inclined to regard the difference in
result as dependent on the slighter extent of cardiac injury, as this

is indicated clinically by the slze of the heart.

. Attention has been called to the occurrence of ventricular
tachycardia after quinidine, This abnormel mechanism assumes great
clinical significance. if 1t is borne in mind that in dogs injected with
digitalis or strophanthin it is the immediate precursor of ventricular
fibrillation and death. Ventricular tachycardia has in point of fact
been observed five times in our patients; but giving quinidine has been
promptly discontimusd and all the patients have recovered.

The duration of the normal rhythm after a single course
of thsrapy is variable, ranging from a few hours to six months. Ina
number of patients, small daily or weekly doses have served to maintain
the normal rhytim for as long as a year, ‘Né cumalative effects need
be feared, as the drug is rapidly elimimated..

Studles of heart size, vital capacity, blood pressurs and
. .'venous pres:éuré' ﬁave also been mde. These have as yet not been‘criti-~
{a-lly amlyzed, . ' | | ; 4 :

At present it is difficult to select Srom. the variaus
cases of auricular fibrillatio.n.whic'h pz‘é.sént themselves those which
do well-with quinidine. In view '6i‘ théi fossibility c.f the appearanc:a
of to:dc é’ymptoms » the trea’..tz.nénf sh&ﬁi&"be eérried out‘ with the patiert
iﬂ"ged‘,::px‘e‘fei;abi;y in a ﬁospitai"ﬁh'efe' the Vbeha:w‘r"iér.'of the heart may be

sbudied with the aid of graphic records. Carefully administered,-this
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drug is a thewapoutic ngeat A7 sreat value; indiscriminately given,
i1t may on occasion, be expected to cause disastrous effects.

A Zelegcntoencegrephic Study of the Size of the Heart in Pnoumonia, with

Consideratior of thz Fffects of Vizitaiis Therapy.

Observations made last year have beern contimued and
amplified. In brief, 1% has bezn shown that in e large percentage of
cases of lobar pneumonia and in a somewhat smnller number of cases of
bronchopneumonia, there is, in the ccurse of the disease, a signifi-
cant dilatation of the heart, with return to normml size during con-
valescence. The increase in the cardiac silhoustie probably represents
an ettempy on the part of the heart to augment systolic output dy in-
creas: in the length of its muscle fibres. According to the "law of the
heart", as stated by Staling, such an increase is favoreble up to a
cdrtain poini., Whether that optinmm is exceeded in pnoumonia it is
not possible to say, though signs of circulatory failure are conspicuous
by their absence., Digitalis administration, early and in sufficient
doses, apparsntly served, in a number of instances in which dilatation
mizht have been envicirated, to prevent alteration in heart size.

It is now known, through our egriler experiments that
digitalis, in therapeutic doses; augments myocardial contraction and i
increases ventricular volvme output, For this reason it makes no dife
ference whether the increase in the size of the hoart is compensatory or
deleterious. In either event the drug is of benefit. In the firat in-
stance it serves to aid the heart in its effort to maintain an adequate
circulatior durirg a period of stress; in the second irstance it helps,
at least in certain cases, in preventing dilatation of the cavities of

the heart whickh in all probability is the result of severs toxemia.
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Dr. Tundsgrard, Dr. Van Slyvks, Dr. Stiilman end Dr. Linder.

By thorough clinical investigation, blood analyses and
functional tests, the clinical histories cf patients have been followed
with 2 view to obtaining as logical a classification of nephritis as
ray be possibdle znd of treatment according to classification. Among
the observations made in connoction with the blood chemistry have been
the repeated determination of the urea index employed in conjunction
with ursa feedings tests. This was done in the anticipation that a mors
definite sstimte of the reserve poviers of urea excretion may thus be
made possible. 1In comection with this work Miss Hiller has elaborated
a new m.th.d Zor the datermination of urea in smll quantitites of
blood. 1I% ls intended while these data are deing accumlated by rela-
tively short observation periods on a fairly large nmumber of neph@itics
of all xinds, to atiack, one at & time, certain spscific problems that
arise in comection with the study. For example, ‘he abnormally high
blood fat of patients of the so-called '"nephrosis" type raises the
question of tie nature of the metabolic disturbance which causes
lipemia, Absgnd .d fat is normally either burned or dsposited in the
body's fat depots so repidly that it never riges in the blood to the
heights found in these patients. The question is presented as to whether -
such patients £ail to' burn fat as repldly as do nom=al individuals, Total
me tabolism experim;nts following fat féeding have been rade, therefore,
on some normal persons and on patients with nephritis accompanied by
excessive lipemia.

Ancther specific Question is whether in so-called hydremia
there is really a dilution of the blood with incrsased total blood volume,

or whether the low protein content of the Ttlood is due to decrease in the
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tolat Dlood protain censsas of the hody wiihout increase in vlood volume.
Dr. Linder has followed the variztions in plasma proteins and has made
repeated obssrvations upon the blood volume in several of the cases. His
results indicate a considsrable degree of constancy in the plasza volume,
in spite of marked changes in thoe plasma proteins, in the amount of edema
and in the clinical stato. It therefors appears probable that the '"hy-
dremia" of nephritis is not a condition of dilution of the blood, but
depends upoa & loss of protein from the plesma, The nature and q;:antity

of the protein found in the urine is therefors engaging our attention.

Studies on Acid-Base Equilibrium in the Blood Carried on in the Chomiead

laboratory Under the Direction of Dr, Van Slyke.

Drs. Austin, Cullen, Hostings, Heidelberger and Neill.

The stiidy of diseases in which there is a disturbance in
the acid-base equilibrium of the blood 1s dependent wupon a knowledge of
the quantitative rolationships existing between the various substances
which contribute to the maintenance of this eguilibrium and presupposes
information regarding the limits of variation to be found in normal ine-
dividuals. It ha,é besn the purpose of the work done in this laboratory
to advance our lmowledge"bf the quanti tative yolationships involved,- to -
determine the li.mitg of variation 1-;0»' be found in norel variations and: to
apply the results thus obtained to the study of dephritis end pnewmonia.
Ir;tiuately concerned with this problem is the study of normsl respiratory
processes which is also under investigation.

The reactions involved in the respiretory changes of the

blood may be qualitatively represented as follows:-
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Increasing the Hy C Oz concentration in the tissues couses

the formation of Na H C Og in ths piasm and K H C Oz in ths cells. The
resulting acldification of hemoglobin causes the partial liberation of
oxygen. ' Conyersely, increasing the Op concentration in the lungs sends

the reactiofd in the opposite direction and aids in the freeing of ¢ O3
ae quantitative measurement of these reactions has re-

ceived our attent”on during the past year.
Iz praer to clarify the conception of buffer substances

which play such an important role in bielogical fluids a thsoretical
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paper was written on the subjsct of buffer measurement, and the buffer
values of weak acids, bascs and amphoteric substances, of various &isso—
ciation constants. Despite the work that has been done with buffers,
these relationships have not haretofore been worked out; in fact, there
mas not oven been a unit for expressing buffer effect in qualitative
narical terms. As such 2 unit we have used the amount of strong alkali
or acid required to caus2 unit cb.z:;n{;e of pH. On this basis, a solution
possosses a buffer value of 1 when the pH changes at the rate of 1 unit
per gram equivalent of added strong acid or alkall. Mathematically ex-

pressed, the buffer value of a solution is 4 B, when dB 1s the increment
d pH

of added strong base (MaCH or KOH), 4 pH the accomp anying increment of
pH. From the quintitative knmown relationships, formulated according

to the moss law, of hydrion concentration to ths rmtios buffer salt
fres buffer acid

end buffer salt  (in the casesSof weak acids and weak bases respectively
free buffer base

acting as buffers) it was possible to derive by means of the differential

calculus a genaral egwation expressing the buffer value of any buffer

solution, viz.

Buffer valus d B = 2.M

+ H] + bR
For weak acids as buffers, K = K, the acid dissociation constant. .

4 ,
For weak b3ses K = 10-1 where is the dissociation constant of the.

5 —— "R

buffer base, For solutions near enough to neutrality so that ] and
[O}Q are relatively negligible, viz. between pH 3 and pH 1l. a zone
covering nearly all biological solutions, the equation simplifies te

Buffer valus = d B = 2.3 k¢ {Hfl
d pH (K++ [H""‘ ) 2
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As is evident, tae offcctiveness of a given puffer is ciffercnt for
gvcry \-}Iﬂ The effectivensss of every buffer at varying pH fol-

lows th~ sme curve, which rsaches its maximam when ¥ = [H? (or 1,4+

pH), ani bocomes insignificant when the ratio K falls outside the
f1i+]
limits 100 and 1, thot is, vher ~log K differs from pd by more than
1 100

2 units. A% its roxime: e roctivercss, waen K = [’;[*] any buffar is
WL in the for of fre: bvaffer acid or base, hrlf in th: form of its

salt. At tais point the valus of an M/ 1 solution(whers C = 1) of

the buffer is 2,3 K

(2K) <
and henco the molecular weight, of a dissolved buffer may be ascoer-

3__243 = 0,575. The molecular concentration,

tainad by dividing 0.575 by the observed meximum 4 B value. The
d ph

latter is experimentally determined by adding known increments of

strong base (d B), or acid (-d B) to the solution and moasuring the
PH change, (4 pH).

The fH+] of moximum buffer value also indicates the

dissociation constant of the buffer acid or base, since at this point
[+ = K. ‘ |

a.‘ .

ﬁor ’mefers cont:xining more than 1 buffer group (poly-

valent weak acig.s or bases, Or amphoteric substances) the buffer value

i3 the sum of the bui‘fer values of the dixferent groups.

4 3 =¢%.3 - c =] 51 + K3

i " )

These principles were then applied to the study of
hemoglobin and to the determination of the hithorto unknown second and

third dissociation constants of citric acid,

1
4
g
1
4
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ol #. 28 Lo B




187

The axporimertal work on these problems has been
cerried on by Austin, Cullen, Hastings, Heidelberger and Neill, For
our experiment2l work it was Tirst necessary to improve our methods
of aralyrsis and tochnigue of handling dlood ard pascs. With a new
constant volume .blsod fas epparatus we wor2 able to obtain results
which had an a verage error of 1 part in 500, The modified Haldans
apparatus for tha amalyses of gas mixtures has an error of similar
magnituds.

It was further necessary to have at our disposal
relatively larpge quantities of pure oxyhemoglobin. A method for ob-
taining this has been Buccessfully developed by Dr. Heldelborger.

The oxyhomoglobin 4s precipit ated from water solution by saturation
with a nixture of C O3 and 0z in the ratio of 4 to 1. It is then
recrystallized severcl times by dissolving in alkali and repeating

tho precipitation process. Separation from electrolytes is finmally
effected by dialysis under pressure in colledion szcs. The hemoglobin
thus obtained retains 1ts full oxygen combining power and is practi-
cally f.reevfrom.. eiec‘aroiytes and other foreign substances.

With this material and techniqus we have obtained the
data which is given below: . |

(1) The amount of alk,a.li‘ Wound at pH 7.40 to & gram molecule
of >oxyhemoglobin is 2,13 # 0.10 equivalenta,

(25 The amount of additional alkall which 1 molecule of reduced
henioglobin takes wup when it is converted tto oxyhemoglobin at pH 7.40
is 0.6 8 + 0.10 equivalents.

(3) The ratio of alkali combined with hemoglobin to the change

in oxygenation, i.e._ 4 B is constant for all degrsss of oxygenation,

d H b02
This bears ocut L. J. Honderson's assumption.

sy
i




(2) The molezul:r buffer wvalue of oxynemoglobin, p, = 2.64
The molacular owfar value of reduced hemoglobin, PR = 2.45.
(This latter valac is obizined indirectly and is subject to revision.)
These valucs arc constant over the physiological range of pH.
Using thesc molecular bufier values and applying the principles
1laid down in the theoreticnl buffer paper written by Van Slyke it can
be shown that at least 5 monovalcnt acid groups are involved in the
reaction between alknli and hemoglodin over the physiological range.
(5) The relationships existing between oxyhemoglobin, reduced
hemoglobin, base bound by hemoglobin and pH are summirized in the
equation

B = 2,64 [H‘boz] (pH - 6.585) + 2.45 {in)] (pH - 6.80)

(6) It is important that the above constants which ars those

for horse hemoglobin are differsnt for dog bemoglobin.

Performing experiments on horse blood, similar to those

made with hemoglobin, we have obtained the following results:

(1) The average buffer value of oxygemated blood from pH 7.2 to
7.5 was found to be 25.3 and for reduced blood 24.4. ‘

(2) Frdm PH 7,2 to 7.5 the Imffer valuo of blood was constant,
the degree of oxygenation being ¢onstant. ,

(3) The hemoglebin was found to be responsible for about 76%
of the total buffer valus of. the oxygenated blood and aboug 73% of
the buffer value of the reduged blood. The per cent of the buffer
volue attributable to the bicarbomate was 6.9 and 9.0 respeqtively.
The loss in buffer value of hemoglobin when ‘biood is reduced is thus

only partially compensated by the increase in BHCOS,
(4) The decrease in BHCO, per molecular increase in oxygen, i.s.

the Sl___.g. ratio varied from 0,50 to 0.59 at pH 7.320 and were con-
dHbO02
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st ant for all degreen of ovyzsnrtion. These values were lower than
thoce found for pure hwemegloalin solutions,

(5) Vith increasing pd the dB____ ratio increased at the rate of
- 450,

0.02 per 0.1 pH over the range 7.2 = 7.5. Assuming that only one acid
group ir the hemoglobin molecule is changed it will be possible with
this data to estimate the dissociation constants of this group when
reduced hemoglodbin is changed to the oxygenated state.

A theoretical paper on "The Normal and Abnormal Vari-
ation of the Acid-Base Balance of the Blood™ hnas been published. In
it tho demonstration has been made on the basis of facts £ ound in this
and other laboratories, that associated with each condition of high,
normal or low blood bicarbomdte my be a high, normal or low pH. There
are thus 9 possible and actually observed combimrtions of BHCO; and pH,
of which only 1 is norml, viz, that in which both pil and BHCOz are
normal. Each of the other 8 condiiions indicates a specific abnorma-

1 ity either in the metabolic processes by which non-volatile acids

are formed and excreted, or in the respiratory processes by which the
Oz tension in the “la&od is regulated. For the general diagnosis of
an abnormal condition, determination of both the pH and bicarbonate ex-
isting in the circulating blood becomes obviocusly necessary, although
in special conditions _a.bnormality is one factor is so characteristic,
such as the low BHCOz in di&betic acidosis, that the other can be neg-
lected. |

Since, if two of the three variables pH, BHCO; and Hp
C0; "a%e known, the other may be calculated and the acid base condition
of the individual is determined, we have undertakeh to determine ths
first two in nor mal individuals, in nephritis and in pneumonia patients.

The method used for the total CO5 of the blood has already been described.
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A colorimetric method for the detemuination of the pH which 1s simpler
than electromztric and more accurate than previous colorimetric ones
was devissd by Cullen, Tae pI of plasma diluted 20 times under oil
with neutral saline, without loss of CO5, detemined colerimetrically at
room temperature may by au empirical cerrection, which is consionst

for each species, be converted tc the pH which would have obtailed

at 38°,

The question was recently raised by Evans, of England,
as to whether electromotric pi estimations on COz- containing solutions
are valid. Evans claimed that soms acid is formed by reduction of COn
at the electrodes. ahi ccuses the pH to be mrke%xftoo low. Cullen
and Hastings have checked the raiter uy carefully on phosphate solu-
tions with and wifhouf CO,, and foun? theorectimal risults in both cases.
Taey Lelieve Evans coull nst have bzen sufficiently accursts in regu-
lating the €O, tensions in his elecirodes.

In connaction with our nephriiis service, tha deter-
mination of the acid-base balance by combined pH and BHCOg estinnations
has already proved of clinical valus. We are applyinz these principles
and methods to the study of the acid-base balan;:e in pneumonia. An
experimental application has also been made. t;D the acidosis produced
by anesthesia,

Since the relation between the reaction, the COp ten~
sion and the bica.fbonate content is conveniently expressed by the IHaase
elbalch equation

pH = pK' + log  BHCOg

it was thought necessary to redeteymine the two conutdnts pK' and X

with accuracy in order to make the equation clinically useful. Ve




wereable to confimm the value for €< » the solubility coefficient for
CO5 in blood, as originzlly detemmined by Bohr. We found the value for

pK' as originally determined by Hasselbach to be correct for plasm but

incorrect for the whole blood or hemoglobin solutions.

Studies of Protein Chemistrv.

Miss Hiller.

The investigation of the behavior of the different pro-
tein precipitants used in studying blocd and protein digests have been
completed. The precipitants studied include picrie, trichloracetie,
me taphosphoric, and tungstic acids, colloidal iron, mercury salts, and
alce hol. The amino and peptide nitrogens were dstermined in the fil-
trates from blood with and without the addition of known amounts of amino
acid and pepetone nitrogen. The action of the precipitants on Witte
poptone solutions was also studied, in order to ascertain which ones
remove most completely the intermediate protein products, &nd which re-
move the protein with a minimum of the intermediated. The data obtained
will enable future investigators to choose precipitents adapted té their
especial objects in & way that has not heretofore been possible. The
irmediate object of this work was to ascertain conditions for studying
the absorption of intermediate iaroducts alorig with the amino acids during
protein digestion. It is hoped to attack this problem, which is an un~-

finished portion of the study of the fate of protein digestion products.

RUFUS COLE




