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April, 1924.

Gentlemen:

During the past six months no noteworthy changes in staif or in
the organization of the hospital have occurred. Mention was rzde in tho
last report of the diseases being studied and the study of no other iisesasss
has been undertaken. The following is a report ol the workx in progress in
the several departments and a statement of the results obtained.

Studies on Chicken-pox.
Dr. Rivers and Dr. Tillett.

The study of chicken-pox has been continued and extended. The
results are given under the following four headings:

A.~ Clinical study of cases of chicken-pox in the hospital.

B.~ Further study in rabbits and in yitro of a virus recovered in at-
tempting to transmit varicella to rabbits.

C.~ Identification of the virus recovered in attempting to transmit .
varicella to rabbits.

| D.~ Study of waccinia in rabbits and vaccine virus in yitre.

A.-~ Clinical Study of Cases of Varicella in the Hospital.

Since the ward was opened im October, 47 patients suffering from
chicken-pox have been admitted for study and treatment.

The effects of chemical and mechanical irritation upon the locali-
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tion of the virus of varicella és evidenced by the appearance ol an umsual
ber of vesicles at the site of irritatien have been discussed in previous
. rorts. Several striking instances of the effect of irritation upen the lo-
iization of the virus have been encountecred tais yvear. Ve have also had the
jertunity of observing the effect which a coexisting disease may have upon
localization of the virus in varicella. There was admitted to the hospitail
~iuld showing various manifestations of congenital sypailis. In addition an
.pvion was present, the individual lesions of which were typical of chicken-
llost of the lusions, however, worc over the face and cxtremities, the
_ions most involved in syphilis eruptioas, and not over the trunk as is usual.y
- zuse in chicker~pox. This unusual occurrence of the varicalla lesions
r parts of the body usually involved by congenital syphilis suggests strong-
taat the syphilitic injury had caused sufficient irritation of the skin tc
..iluence the localization of the varicella virus.

B.~ Further Studv in Babbits and in Vitro of a Virus Recovered
in Attenpting to T smit Varicel to Rabbits.

Brief history of the virug under investication. In most of the ex~

periments the virus which we have called Virus III was used. The lqsions pro-
duced by this virus were first recognized in the fourth testicular transfer
followihg a primary iroculation of blood from a varicella patient into the
tasticles of a rabbit. The virus has been transferred 75 times from rabbit to
rabbit. It now acts liks a fixed virus in that the injection of a small amount
of the virus into the testicles of rabbits is followed in 3 to 4 days by &
charp rise of temperature to 104-106°F. Moreover, intradermal injections of
the virus in dilutions of 1-1000 are regularly followed by visible skin react-
ions. The injection of the virus never causes death of the animal even when

the injections are made into the brain. The virus, however, has been demon-
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strated to be present in the bdlood during the height of the reaction follow-
ing intratesticular and intradermal injection. This presence of the virus

in the blood has been demonstrated by intratesticular injection, the presence

©t the virus in these tusticles being determined by a positive result follew-

ing the intradernal injection of the testicular material. Portions cf the
testicular emulsions containing *he virus have been shcan repeatedly to be
free from ordinary anaerobic end aerobic bacieria oy neans of cultures on
vlood agar, in broth and in Smith-Noguchi tubes. Furthermore, crdinary bac-
teria have not been seen in stained films and dark-field preparations eof the
emalsions containing the virus, in stained sections of inoculated testicles

cr in sections of inoculated testicles impregnated with silver nitrate.

From the study of the virus in rabbits the follewing data have becn
cbtained:

1.  The intradermal method of ipoculating Virus III gives more rzliadle re-
sults than those obtained by smearing the virus on the scarified skin.
The development of this method has mnde rapid progress possible.

2. Virus III, heated 10 minutes at 55°C., will not produce visible reactions
in the skin of rabbits. |

3. Virus IIl passes through Berkefeld N and V filters. Titrations of the
virus before and after filtration, however, showed that most of the virus
was held back by the filters.

4. The data obtained so far indicates that the best method of preserving the
virus in an active state is to filter the testicular emulsions containing
the virus, add glycerol to the filtrate wp to 40 per cent of the total
volwme, seal with vaseline and store on ice.

5. Viable Virus IIT produces a definite immunity in rabbits which persists

for at least 6 months. The immunity follows intradermal, f{ntratesticular,
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intravenous, intracerebral or intranasal inoculations of the virus.
A single intradermal injection of Virus III which has been killed by
heat does not produce a demonstrable immunity in rabdbits.
lo passive immunity to Virus III could be demonstrated in rabdbits which
had received intravenous injections of 5 to 10 cc. serum of an immune
rabblt 24 hours previously.
Immune rabbit serum neutralizes Virus III either when thoy are mixed
before injection or when the immne cerum and the virus are injected into
the same part of tha skin at or abcut the same time.

Virus III and vaccine virus are immunologically distinct.

Virus III and the virus of symptamatic herpes are immunologically distiact.

Three strains of the virus under investigation are immunologically identi-

cal.

Identification of Virus IT1.

Virus IIT was recovered following the injection of blood frou a

.ricella patient into the testicles of a rabbit and then naking repcated
.rensfers at four-day intervals from rabbit to rabbit by means of testicular
inoculations. The method employed in recovering the virus, the fact that more
than half the experimsnts which were performed in attempting to recover the
virus resulted negatively, the macroscopic and microscopic lesions produced in
rabbits by the virus, led us to infer that we were not improbably working with
the etiological agent of chicken-pox. We realized that the final proof that
the virus is the etidlogical agent of varicella was lacking and in our October
coport stated that "while the virus produces lesions in rabbits very much like
vhos® of chicken-pox, we have not shown experimentally tﬁat the virus is the
stiological agent of chicken-pox." A better understanding of the behavior of

the virus in animals and better methods of working with the virus were neces-
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sary before we could rely on the results of experiments performed %o ideatifly
the virus. The necessary methods were developed and the knowledge concerning
the behavior of the virus in normal and imrune animals was obtained as has
teen described above. Vith this information it was possible to undertalke
the identification of Virus ITI. The resuits of this werk follow:

(1) The first step has consisted in determining whether or not
the intravenous injection of serum and whole blood from convalescent chicken-
pox patients will protect nommal rabtits against the viris. It has been founi
thet 10 cc. of serum or whole blood of patients convalescert from chicken-pox
~#hen injected intravenously will not protect normal rabbits against virus in-
cculated intradermally 24 hours after the administration of the serum or blood

This might have been expected, however, since, as we have stated,
the serum of inrmne rabbits injected intravenously into normal rabbits will
not protect the latter against intraderwal incculation.

(2) Since immune rabbit serum neutralizes Virus III in vitro
and since a reliable technique has been devised by which this neutralization
can be demonstrated, it seemed wise to determine if the seru: of patients con-
valescent from varicella possesses any demonstrable wirucidal properties for
Virus III, or if the serum collected during convalescence nsutralizes more
virus than does that collected during the first two days of the disease. The
sera from two normal adults and from fourteen patients convalescent from vari-
cella were studied and were found to have no demonstrable neutralizing effect
upon Virus III in vitro. Furthermore, in four instances no differences could
be detected between the serum collscted during the disease and the serum col-

lected from the same patients during convalescence. The serum from patients

convalescent from varicella, therefore, does not neutralize Virus III in vitro.

The possibility however remains that the virus in the tuvbes employed may be

too concentrated or too active to be affected by the small amount of immmne
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bodies that may be present in the sc.nm of cenvalessents.

(3) It is known ihat the virus is presernt ia small amounis of
blood taken from a rabbit 4 days after intratesticuier inoculation with Virus
IIT and an active Jmmnity pro:ptly appeurs in ratbits inoculated with sm.ll
aounts of this blood. Furthermore, thore is evidence that the blood of
varicella paticnts contains the etiological agent of chicken-pox. It was
therefore decided to determine if cninals cculd be actively immunized against
Virus III by previously inoculating them with fresh blood obtained from pa-
tients early in the coursce of the disease. In a few animals instead of in-
oculating with patients! biood wvesicle fluil and nasal washings were in,ject.-‘
ed. After the inoculations the animals were kept 31 to 67 days, and then
intradermal inoculations of various dilutions of active Virus IIl wers made
in order to determine whether or not the animals were irmune. In each ex-
reriment the activity of the virus was tested oy inoculating at the sane
tire known normzl and immune animals. Eleven experiments were perforxed in
waich 39 test and 23 control anizals were employed. The percentage of im-
iune rabbits was found to ve the saue in the control &s in the test animals,
26 per cent. Three of the experiments taken alone might be interpreted as
evidence that the injection of blood from chicken-pox patients into animals %d

Produces immunity against Virus III, but when all elevem of the experiments

are considered together, the evidence does not support such an idea.

The high percentage of immume animals (267%) found in our control
series in these experiments, while we had previoucly found only 157 of stock
rabbits refractory, may possibly be explained by the occurrence of crot&s in-
fection in the cages.

The control animals in experiments 2, 3, 5, §. 9 and 10, all xo-

ceived blood from the same normal man. £11 four control animals in experiment
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9 were immune and only uio of the twelve rubbits controlling the other ex~
periments was immune. Now the four control animals in experiment 9 were
kept in the same cage 5% days before testing. An cnalogous observation

was made with the test animals in experiment 5. Tnree animals in this
experiment which were kept in the same cage for 25 days were all found to be
imrune on testing. It is obvious, thercfore, thut in making experiments
with this virus to determine the development of immnity care must be taken
to avoid cross infection. This is of special importance where positive
conclusions are reached. This possibility has been carefully considered in
all of our later experiments.

It bas been thought advisable to ascertain before each experiment
waé undertaken whether or not the animals to be tested wers susceptible to
infection or were res{atant since, as we have stated, 157 of all stock rab-
bits are immne. It is impossible to do this directly since it iﬁ obvious
that the test for immnity by skin inoculation itself confers fmmumity.
Testing the power of the normal blood obtained before the experiment to
neutralize the virus in yitro and comparing this with the neutralizing powsr
of the blood of the same animal obtained later is of considerable significance
and this method was employed in the later experiments. This method does not
always give absolutely conclusive results, however, since inability of the

blood to neutralize the virus does not always indicate a lack of immmnity.

Inoculation of Active Virus IIT into Animals other
Than Rabbits.

Guinea pigs. Two guinea pigs received intradéﬁmal inoculations of
active Virus III. No visible reaction appeared in either pig during three
weeks of observation.

White mice. Six white mice received intraperitoneal injections of

0.25 to 1.25 cc. of active Virus III. During 10 days of observation all the




~-ice remained well and active.

Monkevs. Each of two mounkeys (Macacus rhesus) received an intra-
“inous injection of ¥ cc. of active Virus 1IT *n 8 cc. of physiological salt
viutien, and an intradermul inocuvlation of the sase virus. No visidle skin

cticus, no significant changes in the teoperature or in the blood currents
scarred in either conkey during 3 weelts o observation.

Mupaps . Two wen, physicians, volunteered for intraderal inocula-
icrs of active Virus III. One of thz2 ;en had varicella in childhecd, the
t.or had never suffered from varicella. Fach volunteer received C.2 cc. of
stive virus intraderrally on the left upper ar:. The voluntesr who had not
~wifored from: varicella experienced no general reaction and only a nild local
-~ consisting of redness and tenderness in the irmmediute vicinity of ths in-
~<ulation which disappeared entirely in 3 dars. The :man who had had vari-
2112 in childhood experienced a rmore severe reaction. Eight hours after
‘.2 inoculation a chilly sensation, headache, backache and general ralaise
were noticed. The arm at the site or the inoculation becane red, swollen,
tender and painful. The gemeral reaction disappeared after 43 hours. The
local reaction increased in intensity for 36 hours; the redness, swelling and
tenderness extendsd half way down the forearm. The axillary glands were swol-
len and tender. The local reaction gradually subsided and disappeared in 5,
days. In neither of the subjects did a vesicle or an open lesion appear at
the site of the inoculation. No generalized eruption appeared in either man.
Both individuals were still well a month after the injections. The blood
serun of neither man neutralized Virus III in vitro before the inoculations
and is now being studied at weekly intervals for the occurrence of virucidal
properties.

e o the R A 4 W with Viyus III.

From the work reported previously and that presented in this report
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it is evident that an active, tronsmissibie agent is being studied which
partakes of the characters of the so-calleé filterable viruses. By irrmuno-
legizal tests in huaans and rabbits it has beer iinrossible to olizin anvy
evidance that varicella patients oro sufferius or have suffered from anfect .
icn with this virus. On the other han, tha stulies d¢ bring evidence chat
we are doaling vs-lith a specific previously walmown filterable virus which is
quite Jdistanct Ifrom vaccine virius and the viis of syuaptomatic herpes. Thers
15 nd evidence that Virus III is the otiolozical agent oi snuffles. Ths
virus of infectinus rnyxomatosis fs the only filterable virus indisenous to
rotlits comiwend g which we have been atle to find reports in the Jiterature.
Yols virus voo Dirol roported by Souovelli and feetler describded by Cplune
lere and llcses. 1t produces fatal :yxaatous tna.ovs ~n rabbits, 15 filter-
able oand can be transmitted indefinitely from: rabbit to rabbit. Whelher
the virus studied by us is an unknowm virus of wrvaun origin, is a virus
indigenous to rabbits, or possibly an agent of a reculiar character nct

hitherto studied must be leoft undecided for the present.

Study of Vaccinia in Rabbits and Vaccine Virus
‘in Vitro.

Filtration of Vgcgigg Viyaus Throuch Berkefeld Filters. There has

always been some doubt as to whether vaccine virus is really filterable. Negri

and a few other workers apparently found it to pass tarough a filter. Many
investigators, however, have been unsuccessful. Our erperiments seen to show
conclusively that vaccine virus passes through Berkefeid filters V, N and W.
Although some of the virus passes the filters, the greater portica of it is
held back by them. If the filtrates are inoculafed on the scarified skin or
corneé, no evidence of the presencé of the virus will be obtained. If la.ze
azounts of the filtrates are injected into the testicles of norral rabbiwsg,

havever, the virus rmltiplies and when th2 testicles are vemoved, emmlsified




and smeared on the skin of another rabbit confluent eruptions typical of

vaccinia appear. We have not confused this with Virus III.

Acute Thewaatic Fever.
Pr. Homer ¥. Swift, Dr. Andrewes and Dr. ililler.

The clinical material for the study of rhewsatic fever this winter
has been sutisfactory, as wany more applications for aduission have been re-
ceived than we could accormmodate. Three more strictly clinical problems are
under investipation: 1. lethods of ad:inistration of sodium salicylate.
IT. Excretion of salicylate in the ceredbro-spinal fluid. III. Alteration
in size of the heart as disclosed by X-ray pictures.

I. The question as to whether the sodiwa salicylate is less toxic
when adainistered with sodium bicarbonats has never been satisfactorily
answered, We are, therefore, determining in each patient the toxic dose
both with and without bicarbonate and alterin; the order in which the sin:le
and coisbined drugs are given. One difficulty encountered is that the toxic
dose in an individual differs at different periods; when he is febrile he is
usually more susceptible to toxic drug action than after recovery from the
acute stages of the disease. While the results so far obtained are sugges=-
tive that the sirmltaneous administration ef sodiur bicarbonate renders the
salicylate less toxic, final conclusions mst be reserved until further work
along this line is completed.

II. Becuase of the intimate association of chorea ninor and
Theumatic fever 4t is desirable to know whether the salicyl ion — which seens
to be the active ggsnt against certain exudative symptoms of rheusatic fever-
Passes over {rom the blood into the cerebro-spinal fluid; for if it were not
so0 excreted it might explain in part the comparative resistance of the syaptoms

of chorea to the salicylates. Dr. Andrewes has examined the fluid of eight
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patients under the influence of aalicylates and as a control that of about
fift;y syphilitic patients. In none of the latter control group was any
sulicyl found; but since the technique has bsen perfected salicyl has been
ictected in the fluid of all of the last six salicylate treated patients.
This work is being continued.

III. Vith the inforaation available that over 95 per cent of
rhounatic fever patients have electrocardiographic evidence of deranged car-
diac function, it became desirable to determiine whether there was a corres-
ronding alteration in the size of the heart. Two meter X-ray pictures are
taxen at frequent intervals, and the total size as well as the various di-
xneters of the heart as recorded in the film cre charted so as to compare
tior with clinical syptoas and electrocardiograns. In several cases the
change in the size of the heart shadow has been quite marked. Ve hope the
rcsults of these studies will be available when the group of patients now in
the hospital has been more completely followed. \

Mrs. Lancefield and Dr. 9vift are continmuiny the investigation
concerning the appearance of antibodies against nonhemolytic streptococci in
the blood of rheumatic fever patients. A4s noted in the last report they were
unable with any of the methods previcusly recormended to obtain an antigen
that was sufficiently sensitive to detect couplement binding antibodies in
the blood of all patients suffefing from Streptococcus viridans endocarditis.

But with nucleo-proteins prepared from four different strains of nonhemolybic
streptococci and combiged in a single solution the; have been ahble to obtain
positive reactions in seven consecutive caseé of Streptococcus viridans en~
docarditis - all that have been available. The anfigen, hovwever, is s0 cen-
sitive that with it the serum of practically all syphilitic patients tried
gives positive reactions. It is interesting that trhis sireptococcus ﬁucleo—

protein gives reactions with syphilitic sera of clmost the same intensity as
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.as obtained with the usual lipoid reagents used in the Vassermann reaction.

. rom the standpoint of specificity for streptococcus irnfection, therefore,

ur antigen is too sensitive. Its availability lies in the fact that as far
.5 we have gone it detects antibodies in the blood of all patiznts suffering

. raa known nonhemolytic strgptococcus infections. If rheumatic fever in

.1l instances is due to nonhemolytic streptococcus infections one would expect
the blood of patients to give positive reactions with an antigen of this type.
norcover, if the arthritis were a hypersensitive phenorenon similar in nature
to that of serum disease one would expect to detect these antibodies at thne
tize of the onset of arthritis or shortly afterwards, for in serun disease

recipitins against horse serum are usually detectable at the time of or

.hortly after the appearance of arthritis, On the other hand, if the re-
covery from rheunatic fever were an indication of the establishing of imymunity
+;ainst nonhemolytic streptococcus, one would not expect to detect antibodies
until the patient was well on the road towards recovery. In order to thst
these two hypotheses we are examininz the blood of our potients every 1 or 2
weeks during their stay in the hospital and at longer intervals after dis-
charge. 19 patients with active rheumatic fever have been examined: 12 of
these had negative reactions at the time of admission; 4 had weakly positive
reactions ~ too slight to be considered significant; and 3 had strongly posi-
tive reactions. 4 of the patients with initial nsgative reactions have later
developed positive reactions: in 1 instance moderately and in 3 instances
strongly positive. These preliminary figures are subject to alteration as more
cases are followed oter longer periods.

At the same time controls comsisting of will persons, and patients
suffering from pneumonia, nephritis, and chronic cardiac disease are being

Jollowed. It is of interest to note that almost as high a proportion of well
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persons have shown positive reaciions upon first examination as was shown
by the rhuematic fever group. This is nol surprising vhen one considers the
fraquency of streptococzus infectiens of the uprer respiratory tract.

In ordar to malke this work of value in throwing sose lieht on the
rzlation of streptococci infections to rhowmtic fever all groups of patients
and controls must be repeatedly examinad at frequent intervals over long pe-
ricds. This is very time consuming, but in view of the evidence already
c¢btainced it is felt worth while to follcy the problem to its legical conclus-
ion.

Drs. Andrewes and Miller, assisted in part by Dr. Swift, have
devoted the major part of the winter to attempting to cultivate the hypo-
thetical virus of roeumatic fever in the testicles of rabbits by means of
certain modifications in the technique proposed by Rivers and Tillett for
the cultivation of the virum-afi chicken-pox. Last :rear Dr. Miller and Dr.
S7ift were able at times to produce lesions in rabbits' testicles dby inccu-
lation with material obtained frem rheunmatic fever patients. These lesions
were disseminated focal perivascular collections of cells in the interstitial
tissue, and were not unlike those seen in the tissues of rheumatic fever pa-
tients. The inoculations were made at intervals of from 8 to 4 or 5 weeks.
With the technique then used we were nﬁa‘ule to carry on the series contimm-
ously. In several control series'ﬁhs f;sults were entirely negative; but
in one series, in which the original material inoculated was from Lhe heart
valves of a normal dog, lesions were obtained in same of the rabbits! testicle-
not clearly distinguishable from those in the series frem rheumatic fever
patients.

While these findings were sugzestive that a virvs might be obtained
from rheumatic fever it was evilent that with the techniqus used no conclus-

ive results were obtained.
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It was, therefore, thought advisable to attempt to depress the
rabbit's resistance by one of two methods before inoculating them: (1) by
X-raying the animals; (2) by treating them with benzol. As leucocyte studies
in our patients indicate that thcre is a leucocytosis made up largely of
polymorphonuclear leucocytes, it was thought that depression of these ele-
ments in rabblts with benzol might render the animals more susceptible to
the virus of rhewnatic fever. The transfer of supposedly infectious material
was to be carried out every fcur days as recom.ended by Rivers.

Twelve serles of animals have been inoculated as follows: six with
tlood, one with throat washings, and five with joint fluid.

In the series carried the longest, 21 generations, definits micro-
scopic lesions appeared in the third generation and macroscopic lesions in
the fourth and {ifth. When the virus has reached a certain degree of viru-

lence or concentration the animals have fever, and swollen testicles on the

g o——i

third to fifth day; and on removal from the body the testicles are swollen,

edematous and hemorrhagic. \Vhen the virulence is less marked there may be

no clinical symptoms and the testicles show only slight macroscopic changes;

but on microscopic examination there is marked alteration to complete ine i

hibition of spermatogenesis and mumercus interstitial lesions made up of mono-
nuclear cells and polymorphonuclears.

On several occasions the so-called F-R strain has shown evidences
of increased activity alternating with periods of decreased virulence in which

2 ) evidence of continuation of activity was chiefly histological. In another

strain, Cl. A, hemorrhagic lesions have been much less in evidence but charac-
teristic microscopic lesions were constantly present throughout the inoculated
series.

Constant bacteriological control has failed to reveal any common

bacteria - either asrobic or anaerobic - and no bacteria have been seen on
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examination of the sections,

The virus has been brought to lisht in three, and nerhaps five,
different series. Twe series of anizals run ot the sae tims as the posi-
tive series have shown no lesions and :xy be considered necative. No series
of animals, however, have been inoculated with blocod fronn nonrheumatic fever
putients, nor with testicles, nor blood of normal rabbits. This point will
be discussed later.

We were able to show that the virus causing the lesions resists
treatment with 50 per cent glycerine; it also can be kept at practically
its original strength by freezing and drying the tissue accordins to the
method elaborated here four years ago for preserving bacterlal cultures.

In animals inoculated with the F-R strain it was evident in Jamu-
ary that the clinical course and gross lesions were very similar to thosse
obtained by Dr. Rivers with his supposedly chicken-pox virus. Ve have also
found in the lesions intramiclear inclusion bodies similar to thcse found
bty him and also sinilar to those described in th2 lesions of 2nimals inocula-
ted with herpes. The uaterial inoculated intracutaneously has produced areas
of erythema after 4 to 6 days; and inoculated into the mediastiml region
has caused a fibrinous pericarditis and diffuse myocarditis; injected into
the knees of rabbits it produces a mild arthritis. Intramaclear inclusion
bodies were found in the pericardial and myocardial lesions, and in the
synovial fluid from an inflamed joint.

From this point Dr. Rivers and we have been working together to
determine whether the virus obtained by him, presumably from chickenpox
patients, and by us, supposedly fram rheumatic fever patients, was the sa.e.
As the two series of animals have besn kept separate since inoculation it
would seem that thev serve as good controls of one another, because spon-

taneous cross infection was highly improbable. Dr. Rivers had found that
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.'3 animals may be irwminized to his virus by intranasal inoculation; he feels,
..refore, that the virus might be easily transmitted from infected to 2
~.1l animala by cleose contact or by careless handling or the part of

“tondiants.,

In order to prove the identity of the virus in the two series we

.2 infectinz animals in our laboratory, keeoines thea for two weeks or more
.1 then giving them to Dr. Aivers to test for skin irmmnity to his virus.
- i, reciprocating in u similar way with his animals. He has shown that

. tlood of his previously infected animals neutralizes his virus so that

- o A (R < T =
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rcaction is produced when the mixture is inmoculated into the skin of
ol rabbits. Ve are studying the ability of the serwa from his inmune
.irals to neutralize our virus and the ability of the blood of our irmne

i.inrls to neutralize his virus. The results obtained so far indicate that

.2 two viruses are probably the same.

We are in the midst of a study upon the ability of the serum of
shrumatic fever patients to neutralize our virus; and upon the filterability
¢i our virus.

If - 23 now seems probable - the two viruses are identical, and '
if the serum of rheumabic fever patients does not neutralize tfaem it! seens
cvident that the strains of virus we have obtained are not causative agents
of rheumatic fever. It remains then to determine whether this virus can
be obtained from normal rabbits or from fedbrile patients su.fferir;xg from some
disease of kmown etiology; for the possibility must bBe kept in mind that the
virug is of human origin, and is comparatively imnocuous for humans, btut may
invade the blood stream while the patient is febrile from other causes. Ir.
Rivers is studgng the nature of the virus, its irmunological reactions and
its relation to the virus of herpes, vaccinia, etc. He feels stroagly that

controls should not be Tun in animal rooms in which rabbits known to be infect-




ed are kept. Ve, thoreforc, pronose to clean out our animal room entirely,
hove it thoroughly disinfected, start witn 2 new stock of rabbits and run
several series of controls in an attempl vo determine whether the virus is
¢f huzan or rabbit origin. With our present knowledge this irformation can
be much mere readily and rupidly obtained than would have been possible a
few monihs ago.

During the investigation we have had the closest cooperation with
Dr. Rivers: and only because of the information furnished by him and learned
as a resul’ of two years of his work have we been able to make progress c£o
rapidly, ani to determine quickly the relationship or lack of relationship
between the disease in rabbits and rheumatic fever.

Even thourh our work has not disclosed positive information as
to the etiology of rheumatic fever, it has served as a control of Dr. Rivers!
findings which he thought inadvisable to attcmpt in his own laberatory, and
has served to confirym his recently developed opirion that the virvus first
suspected of being the cause of chicken-pox has in reality little to do with
that disease. The combined work in attempting to isclate the etiologic agent
of varicella and rheumatic fever has disclosed a new virus; one that must be
considered when the method of ineculating rabbits is used for the purpose

of studying diseases of unknown etiology.

Studies on Physiology and Pathology of the Circulation.
Dr. Cohn, Dr. Murray, Dr. Stewart and Dr. Crawford.

Our work has in general contimued in the direction that was dé-
scribed last year. The experiments that have been carried on were designad
to illuminate problems having to do with the behavior of the lhieart muscle,
notably with the function of contraction; The study of this function can be

pursued in so many ways that it was thought best to regard it from a single
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angle, namely, from tne point of view of its change with time. There are
several reasons for this choire both on account of problems in vhysiology
and those in the clinic. Asidc from the injuries which it any suffer as ths
re~ult of infectious diseases, the heart aprears to undergo chanres with tine
as do other tissues and organs of the bdodv. It is thesc changes which we

are investigating. These hava a ~reat interest mot only on their own account,
but also because with them arz associated the ability to cempensate for in-
Jury by the mechanisms of hypartrophy and presumably of hyperglasia. To

find suitable orpanis:s in which to study these changes in a satisfactor:
wanner is difficult. But an insight into certain of tne changes waich tale
Place may be obtuined in a period of rapid crowth such as is illustratcd
during cmbryonic development. Tne er:bronic period has the advantage merc-
cver, especially at this stuge of ocur study, in that the condiitions and
factors of incubation can be adejuately controlled. On account of the ex-
perience already acquired with cnicken ewbdbryos and becauss this secaed a dis-
tinctly suitable or-arnism, ocur studics have been contimued with this species.
Our source of supply of egss re.2ins the sare as last 7ear and is quite sat-
isfactory.

This year it has been possible to rosume the study on the heart
beat of the chicken embryo which was interrupted last wear. The attempt was
made then to record the rate of the heart at succeeding azes by the galvano-
metric method. The method itself was qpite'feasible abd offered, as othsr
investigators had formerly found, no serious difficulties in obtaining electro-
cardiograms. But there were errors in this technique due to two sources;
the first was due to the mechanical stimulus which applying the electrodss
offered to the embryo, and the second to chemical alterations waich undcubtedly
resulted from the application of electrodes necessarily moistened with sait

solution. It was noticed during the course of these experimen:ts that when a
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small opening had been cut into the shell, it was possiblle to learn the heart
rate either by counting the pulsations of an arterr or in younger embryos
by couating the pulsations of the heart itse:f. At +this point, as has besn
said, the experiments were iaterruptel. For in crdier to procced satiusfacto-
rily rot only with this punsc but sith other assceiated exgerinints, it vas
thougrt batter to wait for tac crmcletion of the censtructicn of a constant
t{emperature room.

The constant te.p2rature room was built and the tests completed
during tho aatumn (1923). It was built with the alvice ond help of lir. E. b.
Srith. It is a pleasure to record that the result is emine2.tly sucsessiul.
A terperature of 38.5°C has been maintained in ths room ard its cornstency
has teen controlled by recording apraratus. For weeks at a time this tem-
perature remsins constani. Vhen two persons work in the rsom, when an
electric lamp with resistance and also a Bunsen flawa are in operation, the
teamperature rises 1% to 2 degrees, but tais elevatgion is easily neutralized
by increasing the ventilation and the exhaust, The ventilatiorn is accomplish-
ed by means of the common compressed air service, the use of which affords an
added advantage in thal the air is dry, giving a bumidity to the roum of about
25 per cent. Ws anticipated the lgw humidity and therefore built in a tight
water-jacketed box in which the eggs are incubated and in which the atmosphere'
can be saturated with moisture above that of the rest of the room. Daylight
enters the room through a large double window. To work im the room is quite
comfortable, certainly for periods of three to four hours. Its advantages so
far as maintaining the temperature of embryonic tissues constant during opera-
tions are of course obvious. The room wiﬁhvits incubator make the factors
having to do with incubaticn, constancy of temperature and humidity, easily
controllable. The importance of this in that it results in being certairn of

the age of embryos is naturaily clear. How important 1t has Dbeen in other



connections will be meniioned presently.

In this roam then the ewpeiimcnts of the vhyhm producirg functioas
of the neart and the chirnges of these with tiue were pursued. Se far, the
romber of experiments which have leen perioraeed o dngrfiicient to pemit
presenting the data obtairnei in a cauprihensive fasidoi.. Of those doue or
embrycs nlftar the 4th dny ~f incubation i4 appears that, as a rule, the rate
is 200 beats per minute ov sver: before tais time, on the Znd and 3rd days,
the rate aryecars to be censiderably lower. Vhether tne rate curve will
ultimately bear a relation to "The Curve of Puterntiel Growth" reported for-
merly, cantot yet be foretold; dbut to find such a relation wrorld not be sur-
prising. The bearing and irportance of such a finding on metaonlic oncur-
rences in the emdryo, presently to be mentioned, and or. questious of enexr~
getics of the muscle, the stuly of which is projected, need not b= emphasized.

After the rate of the heart has been ascertainzd the next step
in the experiment is concerred with ascertaining whon differentiation of
its parts takes place and with learning the functi;n of these parts. The
embryo is taken from the ezg and placed on a slide in enough chicken serum
to cover it. With the aid of a2 dissecting microscope’ the heart is excised.
Its age is next identified by comparing its morphology with a series of draw-
ings prepared for this purpose last summer. It is then drawn with an Abbe
drawing apparatus, the magnification being recorded. The area of the drawing
is subsequently measured. The heart is then dissected. The foilowing appears
to be the best plan, especially after the 4th day. The great vessels are ao-
lated and discarded. Then in the following order the fraements are cut off
and planted in a medium consisting of adult chicken plasma together with a
minute amount of tissue extract taken from embryos of the same age as those
from which the fragments are derived (see diagram): (1) The tip of the

right auricle; (2) a fragment lying mesial to it and of aboat the same sizs;
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(3) the tip of the left auricle; (4) a frazment of the left side correspond-
ing to 2; (5) the central wurtion, cursisting preswaebly of the inter-
aurfcular scptum ard thiz antericr and pecterior wolle adjacent to 1% 6 to
21 Yoing fragments of the voniric'e. "he crosz Lateh:d niece ie discarded
since 1t represents primarvy or secendary scpta; ibe borsders are taker as
representative presumatly of the crimitive cardiac tute. The location of
211 the fragments is record-u »n the drawing made at the time with the Abbe

apraratus. A drawing fror on actual experiment (No. 30) is reproduced.

> .

\"S/

5 / ‘\\/
« /4

o/
Table 1.
Experiment 30.

Rate o Area’
. — Highest Averace _E0.cm.
Embryo 5.8 hrs, + 204 - 3.36
Fragment 1 56 49 0.055
n 2 42 39 0.0€1
" 3% auricles 46 35 0.092
" 4' ' 52 43 0.092
" 5 200 194 0.1.68
" 3) 34 29 0..b5
" 7 ventricles 60 42 0.096
" 8l 56 46 0.066
" { ' 36 28 €.159
! Jcﬂ 48 43 0.118
" 1 56 45 _ 0.129

When the heart is less than 3 days old the procelur: is illustrate.




in the accompanying drawinz (Tuporiocant 22).
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Tabla 2.
Sxperinent 23.
Rate Area in sq. cm.
Intact enbrro 30 rs + 146 0.87
Fragment 1 zvessels) 0 0.111
"2 37 0.122
n 3 62 0.155
w4 (left auricle) 138 0.10¢
" 5 (right auricle) . 143 0.100

The following facts are showm in the table: (1) The size of the frage

ments is fairly uniform, but that even when not guite uniform, such differsncs.

in size result in no demonstrable difference in performance.

In Experiment

30 fragment 1, is one third the size of fragment 6, but its rate is higher.

Fragment 1 is auricular however, whereas fragment 5 is not. (2)

In Experi-
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ment 29 the rats of the two auricular fragments are about equal. That is
to say no portion of the auricles has taken on yet a pace making function.
(3) The rate of the auricles is higher than that of the ventricles, that is
to say, already on the third day a differentiation in the rate producing
function betwecen auricular and ventricular end of the cardiac tube exists.
(4) In Experiment 30, a differentiation has taken place among the five frag-
ments of the auricles. It is the central portion (fragment 5) alone which
attains a high rate and makes the pace for the whole heart. (5) The rate
of the four other fragments is much Yess than that of the pace-maker. (6)
The rate of the ventricular pieces is approximately uniform and about equal
to that of the auricles. (7) the rate of the highest auricular fragments in
both hearts eﬁuals that of the respective intact heart.

The description given of these two experiments is representative
of those so far performed between the ages 3 to 10 days. Before and after
these ages conspicuous deviations seem to prevail. It is perhaps better Lo
postpone a description of these until more data have been accurmlated. Fnough
has been said to indicate that much remains to be learned of chanées which

take place in time in a single portion of the life cytle of a tissue like

heart muscle and that information of this sort is desirable in a consideration

of its dynamics and energetics to which these studies lead.

‘ In the last report an accoun£ of certain growth experiments was
given. 1t was shown that the growth rate of the chicken embryo as a whole
as well as fragments taken from ihe ventricles of the heart decreased pro-
gressively with age.

In studying the changes with age involved in the growth and func-

tional differentiation of chicken embryos it was deemed necessary to investi-
fate and standardize their enviromment., The envirorment included (1) the

food supply of the embryo, namely, yolk And albumen and, as these are influ-
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enced by outside conditiogs. and (2) the atmosphere pf the incubation chamber.
The latter studies on the conditions of incubation which should have been
conducted at the beginning of our investization were postponed until a con-
stant temperature room had been cconstructed.

Of the variable factors involved in the development of fertile eggs
temperature and humidity are of paramount significance, The results of our
studies show that the composition of the whole egg and the chemical energy
lost during incubation as wellas the growth rate and constitugon of the em-
bryo itself are dependent in a large measure upon these two factors. Pre-
viour duvestipaterc have differed about such questions as the amount of
weight lost by an egg during incubation and its water and fat content.

With the information now at hand it can be surmised that their dispreements
were due to the fact that no quantitative estimations were made of thé con-
ditions under which their eggs were incubated.

Our data on incubation variadbles is alimost complete. The rate
of ontogenesis is determined to a large extent by the temperature, whereas
the concentration of water and fat in the egg is a function of the humidity.
Incubated eggs lose a constant amount of weight each day, the guantity lost
depending upon the concentration of water vapor in the atmosphere. The weight
lost by each egg during incubation may vary from L.O gm. when the humidity
is 92 per cent, to 10.0 gm. when it is 28 per cent. Despite this loss of
weight the concentration of water in the fertile egg remaind the same, that
is to say, a.pproximteiy, 75 per cent. It appears that 25 per cent of the
welght lost dufing incubation must be derived from solid substance elimimted
as the carbon dioxide and water of metabolism. We are attempting ;o find by
analyses whetﬁer the burning of fat in the yolk may be held entirely account;

able for this 25 per cent deficiency. Tangl has proposed a theory widely

I
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quoted in the literature which states that the fat burnt during incubation
measures the energy necessary for ontogenesis. If this were trué it weuld be
of furdamental significance. The anal:rses .iade here show, hcowvever, that the
amount of fat leat is a functien of the humiditv. This mechanien seews to

be significant for preserving a constant concertration of water in the ege.
Ontogenesis however progre.ses at a uniform: rvate regardless of the auount of
fat imtabolisia. We are acccriingly datisli.d in regard to the effect of the
uore important variables in resulating the orowth of the embrre at least to a
logree of exzactitude sulficient fer eur purpese. Tith these data it has ey
roussitle to estzblisn standard cenditions which can be reliadl;r naintuised

in the const.at teijperature roem and in this rmanner enhance the prcbability
that every incubated egg is developing at approximately the sane rute. The
variations found in ths functions analyzed, such ag grewth, cherical consti-
tution and heart rate, are net, we believe, the resalt of disturdalces in the
environmsnt of the exg.

Having established uniforn conditions we ars repeatinz some of our
earlier experiments on thae growth rate of the embryo as a whole so as to roe-
assure ourselves as to their validity in a more or less stable enviroment.

At present we are principall;r enraged in chemical studies to shew
the changing consgltution of the embryo with age as compared with its yolk
and albumen, whence it derives its nutrition. Analyses for water, proteins,
fats and chlorides at various ages are almost complete, It was necessary to
analyze the egg as a whole because we wished to compare the chemical consti-
tusion of the embryo with its enviromment, expressing this as & retio or dy-
namic equilibrium shifting progressively with age.

The curve for the concentration of total solids with age is S-shaped.

It seems therefore that dehydration cannot be the chemical bases for the negatjve
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acceleration of grovth. The curve showias the ictent reriod of tissue cul-

tures as a function of embryonic age, however, is not dissimilar to the water

curve. That the two are related is suggestel by the fact that dilutiorn of tle
medium with Ringar's solution decroases very nartcdly *he prelorngation of the
latent pericd which is characteristic of differentiztion with age. Ve hepe
by this method of comparing rite curves to find the chamical tasis ¢f other
ontogenetic processes. (Chart 2.;

In theso cheaical studies it is cur puipose to wnalyze (1) the
mora important substances regulating osmoiic coaiiticns on the one tand, cuckh
as water, protein, bicarbonate, chlorides, total bases and the hydrogen ion
concentration; and (2) the substarnzes of fuel value to the ei.bryo; na:ely,

futs, proteins and carbohydrated. We had intended to investigate the gas

cexchange through the shell, but it appsars that this prodlen is now being
studied in the United States Departmcnt of Agriculture. Ve hope to be able
to avail ourselves of the data obtained thers.

These chemical studies are we believe destined to be useful in
interpreting chénges in mechanism which occur with age in the dynamics of
heart muscle and in cardiac efficiency. In addition to this aspect of the
study, they may conceivably contribute to more zeneral concoptiéns having Yo
do with the phencmena associated with various age periods.

With Dr. Stewart the effect of digitalis in therapeutic doses on
the contraction of heart muscle has been studied by means of X-ray curves
obtained by the use of the X-ray moving film apparatus, the description of
which was incorporated in a previous report. Few cases have so far been ex-
amined because of the anatomical requirements which it is desirable to meet.
We prefer patients who are thin chested and in whom there is a fairly wide
space of lung tissue between the shadow of the neart and that of the chest

wall; the heart must be, in other words, not too greatly enlarged. In such
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Chart 1. Showing the latent pericd of tissue cultures in terme of the incubation age of the
embryo whence the fragments were derived. Idelia @ undiluted plasma; plasza,
diluted with equal parts of Rinser's solution.

Abs dissue rapresent incubation ages of the emdbrvo. Orldinates are durations of
latant ceriod in hours.
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patients we have been alble to obiain curves of a rortion of the lefi veurri-
cular excursion whizh we have teen able to compare with curves taxken at a
later time. We have studied the effect of digitalis in this raarer in four
patients and in these four thcre was a definite measurable increase in the
extent of the excursion after on amount or dijitalis had been given suffi-
cient to produce a therapeatic effect and one showing characteristic changes
in the T-waves in the electrocardiogran.. This change often amounted to dcuble
the extent of the excursion previous to diritalis administration (Table 3).
Vie beligve that previous to these studies no direct evidence has been brouzit
forward to show that digitalis in therapeutic doses has any effect in the
huran subject on the property of contraction. The result ¢ this study is
important for it is generally taught now that the action we describe dces
not take place. If the view we take is sound, digitalis should be rein-
troduced in the clinic for use in those cases In wnica heart failure is pres-
ent and in which the mechanism is regular. Its disuse has been due tc views

based on experiments which laid enphasis on other functions than that of

contraction.
Table 3.
Effect of Digitalis on the Left Ventricular Excursion Studied by means of X-
Ray Curves.
Hosp. No. Cardiac Date Digitalis Rate per Left ventricular ex-
mechanism mimite cursion ir mm.
4814 Normal 10-5-23 0 120 ‘ 3.7
rhythm 10-20-23 2.1 gn. 90 6.6
11-7-23 after di- 85 2.9
gitalis
4932 Auricular 2-4-24 0 144 5.2
(1st fibrilla- 2-6-24 1.5 108 10.9
series) tion
(2nd 2-29-24 0 111 4.5
series) 3-7-24 1.5 g2 11.7 —
4937 Normal o=7=-24 0 108 5.8
- rhythm 2-8-24 0.9 105 8.6
2-14-24 105 5.3
2-18-24 1.2 101 2.2
2-28-24 after di- 105 3.8

gitalis.




Ve have treated e fcw raticnts showlng cairdiac edema with calcium

chloride br mouth to test its efiicucy as a diuretic. We have done this in
the search for means for cembating cardiac sdema in patients who fail to
raspond to Qigitalis and te tre usual diuretics, theocin and diuretin. From
the few casos we have studied it was seen that calciws chloride given in
doses cf 13 gus. by meath a day ror 3 tc 5 days actually produces diuresis,
but the amount of increass ia urirary ouiput was never conspicucus nor was the
effect increased when giving calciwa chloride in combination with digitalis.
This procedure has already been recaxterded. On the clinical side Singer and
Starizenstein in Germany and Donielopolu and others in Pumania report strik-
ing diuretic effects of calciun chloride given intraverousl;”, in caszs which
did not respond to digitalis given alone. These authors us3sd {rou 0.1 g-.

to 0.5 gm. calcium chloride intravonously a dcy with excellent results and
when combined with digitalis Singer obtaired a diuresis of 7G00 to 8200 cc.
per day.

In order %o test the :matter furtksr, we also intend ic inject
calcium in patients already digitalized. But before doing so we are taking
the precaution of making prelimirar; observations in dogs.

A basis for attempting this form of therapeutics ig ccnizined in
Loewils experiments in which he believes to have shewn that Lne combined ex-
hivition of calcium and of digitalis results in a sensitization of the heaxt
muscle to calcium by means of digitalis. A similar relation was reported oy
Clarlz who showed in perfusion experiments in frogs that the systolic zction of
digitoxin is dependent on the presence of calcium,and that diminution of tae
quantity of calcium diminishes the systolic action of digitoxin, while an 2:-
cess is without effect.

We have injected from .5 to 1.1 gz calcium chloride intravenousl: in

dogs without the appearance in tha elactrocardiogram of ventricular premature




105

contruntiang (as an cvidence of increased irritability of the heart muscle)
and without ventricular standstill. We havec not injected amounts beyond
this because 1.1 gm. is prodbably in oxcess of the amount we wculd use in
patients or in dogs.

In one dog we injected intravenously .5 gu. of calciur chloride
and 30 per cent of the calcul:ted lethal dose of dimitalis (tincture used),
(30 per cant of the calculatel lethal dosc was assuaed to be the therapeutic
dose from the work of previous investigators, Cohn and Levy, Jamieson,
Robinson and “ilson) at the same time. About 40 mirmtes after the injection
nwicrous premature ventricular contractions appeared in short runs. These
were still present at the end of 14 hours, but had disappeared the next day.
One week later when the experiment was repeated this szme dog gave a similar
response. Ope week after this, 25 per cent of the calculated lethal dose of
digitalis was given and the same amount of calciumn chleride without causing an
irregularity.

A second dog was given 23 per cent of the calculated lethal dose of
digitalis intravenously and this amount of digitalis did not cause an irregu-
larity. Two hours later 0.5 gm. calcium chloride was given intravenously
&nd premature vemtricular contractions failed to develop. A week later, when
30 per cent of the calculated lethal dose was injected followed iy the same
amount of calcium chloride a slight extrasystolic irremularityoccurred. It
appears then that about 30 per cent of the calculated lethal dose is critical
when combined with calcium.

Ve have been carrying forward the work which we began last vear
on the production of cardiac hypevtrophy and heart failure ir animals with
the view to learning the pathological changes brought about in the heart ana
the physiological changes in the circulation. Although these general prob-

lems have long been the subjects of investigation, littls has been done which
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ion of methods and development of technijues suitable Jor our purposes. ‘e
decided for our experiments to use artificial valve insufiiciengies as the
basic injury. ILast year we rcported thec »rogress ve uade ia the following
preliminary directions: (1) e devised a cardioscope for the purpose and
worked out the technique for 'ts use; (2) we adapted a technique for obtain-
ing satisfactory ¥-ray photographs of *he dog hearts; (3) we studied the prob-
lem of obtaining satisfactory blood rressure records on dogs and decided to
use the Kolls-Erlanger method as the most satisfactory one available; (4)

and we worked out doses of diphtheria toxin with which it might be necessary
to supplement the valve injury in order to produce cardiac neart failure. The
next phase in this general problem was that of obtaining samples of mixed
venous and of arterial blood for the study of the blood gases in these ani-
mals. The obvious method was to obtain the blood samples by direct punct-
ures of the right and left ventricles. Although this procedure is possible,
in blood samples so obtained, the needle oiten penetrates the septum and one
can, therefore, not be certain of the origin of the blood sample obtained.

Ve made certain of this by obsérvations on the cadavers of dogs. This method
was accordingly discarded aﬁd we decided to obtain the sample of blood of the
left ventricle from the femoral artery. The mixed venous blood we took di-
roctly from the right ventricle by imserting a cannmula through the right exw
ternal jugular vein. In order to accomplish this, it was neceesary to de-
vise a suitable trochar and canmila and to develop a technique for obtaining
samples of blood by the use of this instrument. At first it was necessarr ¢
operate urder guidance of a fluroscope but we afferwards discovzred a po~
sition of the dog which allowed the cahnula to slide into the right wventricu-~
lar cavity fairly easily. This operation is done under novocaine without

causing the animal any discomfort, and is performed under strict aseptic sure

e
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gical technigue. The accompanying table gives analirses of arterial and
venous blood obtained by these methods.

Table 4.
Blood Gases on Normal Togs.
Depy Date Sample ‘02 Content lOz Capa- 1@ Satu—! €0, Content
No Vol." lcity Vol., { ration Vol. °
1
101| 3-5-24 | Arterial=L.Vent|| 16.90 | 92.6 41.67
Rt. Vent. 14 .09 | 18.25 77.2 4'7.49
|
90| 2--27-24| Arterial 18.31 19.70 92.9 42.88
Kt. Vent. 15.€9 i 79.¢ 46.24
% !
124 | 2-21-24| Arterial 19.05 20.14 9%.5 +4.02*
Lt. Vent. 14.80 %3.9 45.51*
| '
131 | 2-19-24! Arterial 21.42 22.81 83.9 42.10
Rt. Vent. 16.66 73.0 ; 43.30
}
!
129 | 2-14-24jArterial . 15.70 16.58 4.6 43.77
Rt. Vent. 13.03 : 78.5 45.58
122 | 2-5-24 Arterial 20.55 22 .86** 91.6 40.87
Qt. Vent. 17 .44 22,97+ 75.9 44 .32
127 | 1-24-24 |Arterial 18.01 20.90%* 86.2 47.98
Rt. Vent. 15.15 20.27%* 72.2 56.12
132 |3-12-24 [Arterial 19.28 21 .28** S0 .6 40.43
Rt. Vent 14.26 20.97** 68.0 42 .36
: : :
* These results were checked.

**  Note how closely the O capacities of the Arterial and Rt. Vent.
samples agree.

After perfecting these methods we returned to operating on ti:e
heart valves of dogs. We have operated on 7 more dogs. In these dogs dJata
on Dblood pressure, the size. of the heart by X-ray photograpas, the elecizc-

cardiogram, and blood zases were obtained before operation. In three of these




the cardioscope was usad, and in &, the valvuloteme. Two of the dogs in

wrich the cardioscope was used began to fibrillate when the cardioscope was
)

insorted and died of acute heart failure Defore any valve lesion had been pros.-
diccl. Taz third dog died from heart fcilure 3 hour after completion of the

¢, ‘ration. AL autopsy it was found that the mitral valve had been cul ex-
tensively. Ve atiributed these three fallures in succession to the extremely
roer ¥nd ot dog with which we -were csupplied. TYor operations at extensive as

tacse, the animals sheculd be selected with great care. Because at this tirme

no aninals verc suitable for operation with the cardioscope we used the valvu-

lovene, witi this modification in technique usually employed in itsuse: the
vialyvalotone, was inserted into the left auricular appendage (instead of
tarough the carotid artery as previous exserimeators had done) just as the
cardiostops hiGa been inserted, and this enabled a better coatrol of the in-
strusent and of the injury which one wisned to produce. Of the 4 Jdogu sub-
jected to this operation, 3 are living and well, 3, 2, and 1 weeks, respective-
1r, after operation and have srstolic murmurs s evidence of nitral insuffici-
ency. The 4th dog died 24 hours after operation of acute heart failure with
bloody fluid in both chest cavities. Cn examining the heart, cordae tendinae
of both flaps of the mitral valve had been cut and too great an insufficiency
of the valve had resulted.

Ve shall use the valvulctome in srall dogs which are not suitable
for the cardioscope, and the cardioscope in the larger animals.

The effect of rapid heart rate per se on the circulation and venti-
lation of the blood is still an unsettled guestion. In an attempt to study
this relaticon we have planned a type of experiment which we hope will resemble
more closely physiological conditions in the normal dog than previous experi-
ments have done. So far we have carried out 2 prelimirary experiments. Te

have sewn two stimulating electrodes into the right auricular appendage, and
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af ter insulation with rubber tubing brought the wires outside the chest wall
and closed up the chest. After the animal has recovered from the operation
we can stimulate the auricle by faradic cﬁrrent and make the auricles fi-
brillate, or vwe can stimulate with galvanic current at any rate desired and
aake the heart beat rapidly at a regular rate. Under either of these condi-
tions it is possible to sdy the oxygen coentent of the arterial and mixed
venous blood. The first dog on which we opzrated recovered satisfactorily.
Ono week after operation we attempted to stimulate the auricle by mearns c¢f
the electrodes that had been sewed to this structure but failed. We then
operated on the dog to find out the cause of the failure and to attempt to
remedy it, and found that one of the silver wires had broken in the rubover
insulating tube. The attachments of the electrodes to the auricle had held
securely. This second extensive operation so soon after the first was too
severe a shock. The heart stopped beating during the manipulation incident
to examining the relations brought about by the previous operation. A second
dog was later subjected to the same operation, using a stouter silver wire
for the electrodes. This animal died on the 2nd day after operation from a
fulminating pneumonia involving in complete consolidation all the lobes of
the lungs. At autopsy the electrodes were satisfactorily in place. We ex-
pect to go on with these experiments.

With Dr. Crawford and with the cooperation of Dr.McIntosh, patients
with edema as the result of heart failure have been studied, as with Dr.
Stewart, but in these patients the agent employed in treating them has been
novasurcl. These were likewise patients whom one cannot relieve of edema by
rest or by administering digitalis.

Novasurol is a preparation containing 33.9 per cent of mercury.

The mercury is contained in a complex molecule and it is administeyed as a

10 per cent solution in doses of 1 to 2 cc. intramuscularly. Mebcury has at%
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an earlier period besn ®mployed as a diuretic in the form of calomel first
by Jandrassic in Budapest. A marked diuresis was reported tc have resulted
from its use but the method was abandoned on account of the injuries to the
kidneys which it produced. Novasurol was introjuced as a mercural in the
treatment of syphilis. The toxicological cffects brought on by its use in
this disease were slight compared to those due to other mercurial prepara-
tions. Of importance is the fact that no kidney damage is found except in
cases in which the kidneys are known to have been damaged initially.

The action of this drug has so far been studied in 4 patlents. Taev
were all cases in which the use of digitalis faiied. Thz effect of the drug
on the following functions has bazen investigated: (1) the effect on urinary
output, (2) the effect on the extent of edema, (3) the changes in the heart's
action as the result of the treatment, (4) the changes in the output of uri-
nary ch&orides, urea and ammonia, (5) changes in the blood urea and chlorides,
(6) changes in the chlorides of the edera fluid, (7) the remote effects on
the kidneys as estimated by the appearance of altumen, red blood cells and
casts, (8) the mechanism of action of the drug and (3) the evidences of toxi-
city.

The administration of the drug has been followed in these cases by
merked benefit. In about 2 to 6 hours after the administration, diuresis
commenced and was contimous for about 24 hours. - After this time the amount
of urine diminishes. Specimens of urine were collected every three hours
for a period of 3 days. On the second day the drug was administered. Speci-
mens of venous bdlood were obtained each day at the same time, the time bdeing
selected to correspond to that at which diuresis was anticipated te be present.
Edema fluid was collected when it could be obtained at the same time as the
blood specimens. " The output of urine of ten increases from 2C0 to 300 cc. in

24 hours up to 3000 ¢c. In the cases which are most severe the onset of di-
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uresis is delayed. Diuresis is followed by a corresponling loss of weight
and definite improvement in the symptoms. The administration is not repeated
until after four days. During the latter part of this period the edema
increases slightly. By repeated administration it is possible completely
to remove the edema. Two cases of cardiac disability have received marked
benefit from the loss of water effected in this way. In one cose there was
little subcutaneous edema but visceral congcstion. In both cases thers was
little doubt as to the effectiveness of th2 drug, not only in irproving the
function of elimimation, but also in relieving very sevcre distress.

The action in increasing tne excretion of chlorides in the urine waos
striking. Yot only is the concentration of chloride excrated per day inc.ocas-
ed, dbut so also is the absolute amount. Urea and amsonia may t2 increased or
8lightly decrcased. Their concentration in the urine is decrcased. In the
blood the chlorides showed a slight fzll; urea maintained about its pr-vious
level. The chlorides in the edema fluid, as was to ve expected, followed
closely the changes in the blood.

The accompanying charts show graphically the changes in output,
weight, and in the composition of body fluids which were produced in one of
the patients (Charte: 2 and 3).

So far no evidence of any deleterious action on the kidneys has bech
found. Two cases have been observed for a period of three months. There has
been in each case a marked decrease in the amount of albumen in the urins and
in none has an indrease in the number of red blood cells or casts been found.
An increase in blood urea as an indication of kidney danage has teen absent.

In one case the administration of novasurel was followved by & rigos
lasting for about 15 minutes followed by a rise in temperature. Tiere was 2150
vomiting. Recovery was complete next day; there were no untoward after effects.

The administration of the drug, however, was not repeated. Riems was less
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marked In this patient than in the othors. Two other patients complained of
slight headache on one occasion following the administration of the drug.
Otherwise no toxic symptoas have developed.

“wo conceptions for explaining the action of novasursl sugzest
themselves; first, by its action, fluid is reroved from the tissues into the
tlood. In consequence th: blcod is diluted; as & resuit the excess fiuid is
excreted by the kidney. Seconi, fluid is in the first instance excreted by
the kidney, the blood becomes concentrated and for this reason fluid is with-
drawn from the tissués. In order to learn which of these assumptions is
corract we have examined the hemo}lobin percentage of the blood before,
durinz, and after the diuresis and also have rade bematocrit readings on the
vencus blood we obtained. In every observation we fourd a slight but defi-
nite increase im the hemoglobin percentage during the diuresis. The hemato-
crit readings also show a corresponding slight increase in the corpuséular
content of the blood. In so far as these data may be regarded as evidence,
they point to the probability that the action of the drug is exerted prie-
marily on the kidneys.

W have estimated the excretion of phenolsulphonphthalein before,
during, and after the onset of diuresis. The output of this substance was
usually slightly decreased during diuresis. The amount increased progres-
sively as the efficiency of the circulation improved following the removal
of edema,

During the study of diuresis due to novasurol it was found that in
the days following i%s administration a certain amount of the ground which
had been zained was lost, that is to say, edema .began again to increase . It
was, as has been said, deemed inadvisable %o inject the drug again before
the expiration of four days. It is desirable to find another agent with

which in the interval to remove the remaining fluid or at least to present its
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increase. Diuretin was tried in cne case withou* success. The use of theo-
cin wes not attemptead. It occurred to us that urea might sexrve our purpose.
Urca vas accordingly given in doses of 30 gm. a day. With this, satisfactory
recu’ts were obtained. In most cases there was an increase in the urinmary
output to about 10C0 cc. a day. In rmost cases the extent of edema did not
decrease it in no case did an increase occur, at least for a period of sev-
ercl weeks. Vhen edema fluid tended to reaccumulate this was very gradunl.
Futher studies are to be made to learn the effect of the administration

of urea on diuresis.

Puaring the administration of urea the changes in the constituents
of the urine and blood were studied in the same manrer as during the treat-
zent with novasurol. In the urine it was found that the chloride excretien
renained adbout the same as whon the patient was receiving no medicatior.. The
urca in the blood was, of ccurse, increased while the drug was being civen
as was also its excretion. When the drug was discontinued and time allowed
for the quantity that had been given to be eliminated there was found to be
no permanent rise in the level of bdlood urea. This methed of treating oases
of heart disease in which the urinary output remains consistently at a low
level may have distinct usefulness. Its use has shown no évidence of a de-
leterious effect. In any case it appears not to have the disadvantage pos-
sessed by drugs of the class of diuretin and theocin.

The action of the sparteine sulphate 6m auricular fibriliation has
been studied. From experiments formerly'pérfOrmed on dogs by Dr. Crawford
there seeined to be good reason for the belief that the action cf this dreg was
similar to that of quinidine sulphate. The drug has been giver #p feur cases.
In one case the normal cardiac mechmanism was restored and has cortimed. In
the other three the abnormal mechanism continued. Of the latter cases two wers

however, advanced cases in which success is relatively infrequent. In the
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third case in which a favorable outcome might have been expected, quinidine
also failed. OSparteine was adﬁinistered in these cases in gradually increas-
ing doses. Digitalis had previously been given to these patients. The

first effect of the drug was an increase in pulse rate similar to that obtain-
ed after giving quinidine. This result differs from that reported in normal
anirals where a slowing of the heart rate is found. The drug was given until
evidences of toxicity were obtained. The commonest of theso was headache.
Others were nausea. Abdeminal discomfort and slight blurring of visicn were
recorded. These rapidly disappeared om stopping the drug.

Preliminary observations have been made of tue methods in use for
the study of capillary changes in disease. The questions in which we are
particularly interested concern the role played by the capillaries in the
circulation when the latter is failing. It is not only their morphology in
various circulatory states which is of interest but also their mechanism.

Do they exhibit the functions of contraction or that of peristalsis? Uhat

do they contribute to the dynamics of the circulation? In addition to these
things it is desirable also to know the rate of the blood flow in them in
conditions in which this presumably changes from the normal .« What changes

4n their mechanism can be brouzht about by means of agents such as digitalis
it is likewise important to study. It is of course possible to study the
shape and size of the capillaries and the changes of pressure in them. But
the technique which is available is insufficient for the detailed study re-
quired for investigating the questions which we have raised. It is, moreover,
doubtful whether the ordirary #iethods of recording changes taking place in thes
structures such as drawing their outlines and simple photograpay, suttic. .or
accurate and satisfactory sttidy. The behavior of the flow of blood in the
capillaries plays so fundamental a part not cnly in the dynamics of the cir-

culation tut also in the respiration and matrition of the tissues, that it 1is
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difficult to exaggerate the importance of an exact knowledge of it both in

health and disease. We are especially eager, therefore, to avail ourselves
of the opportunity of securing the services of Mr. Rosenberg,which have been
placed at ocur disposal.

Vie have found in the first instance that in order to carry on
satisfactofy kinematography, improvements in technique are essential. The
chief of these concerns the question of illumination. The odlique illumina-
tion which is custemarily employed has disadvantages. We have, therefors,
secured lenses, such a3 are us‘éd 4n petrology in order to test their use-
fulness in obtaining vertical illumination of the part to be studied. Enough
has been said perhaps to show that even the technical problems connected
with photography require further study before the proper study of the capil-
lary circulation can be undertaken. It is important to urge, therefore, that
for a year at all events the service of a gechnician of Mr. Rosenberg's
ability be availadle, with the view at least to become assured of the useful-

ness of the kinematographic method for the studies we have in view.

14 f the B

Dr. Van Slyke, Dr. Hastings, Dr. Salvesen, Dr. Linder, Dr. McIntosh, Dr.
Cecil Murray and Miss Hiller.

Nepbritis. The study of the metabolic cause of lipemia in nephritis
by Dr. Linder and Miss Hiller has been concluded. After a meal of fat the
blood fat in lipemic patients shows a greater rise above the fasting level
than that of gormal individuals or non-lipemic patients. There is evidently
in the lipemic infiividual an abnormality in the mechanism which rsmoves the
fat from the Blood. There are but two. ¥nown modes of removal, viz. ccmbustion
and storage in tissue depots. The combustion was studied by following the
gas metabolism after the fat meals, The increase in oxygen cégsumption and

the fall in respiratory quotient were as rapid and great as in normal individue

alg. [The fay burning mechanism, theveforg, showed ne Sekectibls aktnormality.
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The cause of lipemia in nephritis is apparently attributable not to a loss
of ability to burn fat, but to some disturbance in the process whereby it is
deposited from the blood into the tissues.

Certain nephritics show high blood sugers. Dr. Linder, Dr. Sal-
vesen and Miss Hiller are studying the metabolism and clinical conditions
of such patients whenever they can be observed, in order to ascertain the
nature of the distirbance in sugar metabolism and the conrection between the
hyperglycemia and the clinical type of nephritis. Some preliminary results

indicate that a lowered pH may be an accompaniment and perhaps the cause of

the hyperglycemia.

The metabolic behavior has been studied of calcium chloride, which
has recently beem considerably used as a diuretic in nephritis, especially
by Blum of Strassbourg. It has been found, as was observed by Gamble in
infants, that the calcium is excreted in the feces, and the HCl is absorbded.
The result, we find, is a marked acidosis, both the alkaline reserve and
the pH falling severely. Neither the blood calcium nor the urinary calcium
excretion is affected. The diuretic effect is attridutable to the HC1l rather
than to the calcium. The severity of the acidosis that may result from the
dosage recommended is such as to contraindicate the treatmsnt, at least unless
the acid~base balance of the patient is accurately controlled.

Dr. McIntosh has collaborated with Dr. Crawford in studying the
effect of kidney function of the arsenical, "movasurol," which has & remark-
able diuretic action in edematous heart patients. It developed that while
water excretion might be increased ten-fold and chloride excretion a hundred-
fold, urea excretion is practically unaffected, except for the relatively
small acceleration that Austin, Stillman and Van Slyke found to occur in normal

individuvals when the urine volume is increassd. The peculiarity of this sub-

stance in stimulating the excretion of salt and water, but not of urea, ine
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dicates the alirp diffarentiation in the irechanism by which the respective
substances are excreted, and may b2 of ossistance in physioiogical experi~
ments on these funciions.

Physical Cremistry of the Blood.

The study of the electrolyte and water distioibution ovetween tae
¢~115 and plasma nand tetween nplasra wnd edema fluid, is being centimicd.

On the distribution between cells and plasma the effect of CO,
changes was determined in the experiments performed lact rear in Peking.
The results, as reported previously, accord with those predicted from the
alkali-binding power of the blood proteins, from czlculations based on Don-

nan's theory and the assumption that the ratio iong + rolecules is wain-
waser

tained ecual in the cells and serun. The results of oxygen tansion changes
were calculated at the time, but were not detemwined. Experiuernts are now
being begun to determine the cxygen effect. As the effect is less than that
of COB o more accurate chloride rethod for the cells was required, and was
devised as outlinadbelow. The prelimirary experinents indicave tiat the
effect of oxygen exchange on thz chleride and bicarbonate distribution ape
proximate that calculated from the Domran theory and the difference in bvase-
finding power between oxygenated and reduced hemoglodin.

K] L3 '
The distribution of C1 HCOz', Na* %% ang B between blood

plasma and edema fluid has been determined in a number of vatients by Dr.
Hastings and Dr. Salvesen. According to Donnan's theory of electrolyte dis-
tribution previously discussed, if the membranes separating serum and fluid

are permeable to these ions, they should be so related in their concentrations

that the relationship is

Qg = HCO, ' = Na¥f = X = HY =p
by T vt—
Cl'y HCO.. WA+ K's H

where SUbs indicates serum and subf edema fivid. This equelity of the ratios
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was found to hold for all the ions except potassium. There is some doubt
cencerning the accuracy of the method used for K in serum, and it will be
investigated. For the other ions there was observed not only the approximate
cquality of the ratios but also a value of r almost exactly that calculated
from the differen€e in alkali binding power between proteins per liter of
serws, and those of the edema fluid.

The study of the chemical basis for the physiologically important
faet, that reduced blood absorbs more COp &t the same tension than dues ox-
sgenated blood, has been continued with Dr. Hastings and Cr. Murray. It was
shown last year that the cause of the phenomenon is that cxyvgenated hemo=
slobin binds more alkall than reduced, at physiological pi. It has now been
feund by more accturate and detailed experimants that the difference in base-
binding power between the gtwo forms of hemoglobin varies with the pli, baing
1t a maximum at pH 7.4 and decreasing in a2 regular curve on each side of this
point. GQuantitatively the curve is that calculated on the assumption that
4 single acid group in the hemoglobin melecule has its acidity as measured by
its dissociation constant, increased about 25 fold by the change from reduced
to oxygenated hemoglobin;

The degree of ioﬁization of the sodium, potassium osnd calcium salts
of the serum proteins and of hemogloﬁin is being 3tuiied ty Dr. Hastings and
Dr. Cecil Murray with preperations 6f crystalline hemoglobin made by Heidglw
berger's'method, and of electrolyte~free sefum albumin and globulin made by
Miss Hiller. "fhe d.etenninations‘have been made by the electrometric method
with amalgams of the alkalies sfudied as electrodes. Vith a technique obtaine!
in part from Professor Harned of Philadelphia, Dr. Hastings has odtained con-
sistent results with the sodium and potassium salts indicating that they are

about 60 per cent itnized. This ionization about equals that of sodium bicarb-

onate
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The determination nf the statz of the dbloel cricium offers —~rohlems

ccalia» beth in Aifri~alsy snd in phosiniogzical and clinical intersst, &s is
3 - > ?

ovidenced by Salverunts werk oulianed in our last report. Mastings and twr-

rur wre eadeavering to determine the iconization of eatciun-prelein szlt

[ %]

’
anld ﬂlﬁc the :ut:e of the fretsis which <0103z the biooda te holl in soluticn
mach rorc calciws than 2 simple waier solution coataining bdicarbonate, nhos—
phate 224 plf equal to tlose ycund in the blood serum.

™o study of the phr-siology arnd patholosy of the ecid~base balance
o, ‘e blocl togsun in comaection with the diebetic duinic in the heapital
was 1ast ear ext2aded to pneuvmonia. Drs. Hastinsos, Morjan and Neill showed
that the departure frem the norrmal acia-base balance ic sli_h% and is in the
directicn not of acidosis, as previously assum2d, bui o. ca alkalosis, due
to drivirg; of1 CO2 by the rapil wontilation. Trerc recults davins tle
febrile state o@é somewhat lowered co: tension in th~ blood, ~n increased pH
with uncharzed alkaeline resesve.

The results, together with other lzcts which have becn uncovered

in this and other laboratories, have led us to take up again the study of the

mechanism controlling the acid-base balance and commecting it with the respi-
ration. The preliminary resukts maf be.summarized as follows: Vhen the alkali
reserve of the blood.is altered (as in diabetic acidosis or in the opposite
direction, as in loss of HCl from pyloxric stenosis and vomiting) even slight
alterations are accompanied by pH-changes. The earlier conceptior that, teleo-
logically expressed, the pH is so important that the organism will aliter the
CO, tension to the respiratorily possible limit in order to prevent the>slight-
est change in pH, was based on data in the literature which were incomplete,
and in some points inaccurate. It appears, on the contréry, that when the

alkali weserve is lowered, the percentage change in the hydrion concentration




is usunlly about wice as great as that in the COz tension, and this

ratio i3 maintained to the extreme limit of acidosis. Judging from the
compromise between change in H* concentration and in CO, tensions to which
the organism gravitates when the bleod alikali is altersd, normality of

002 tension is about twice as important as nornality of #* concentration.
And, bYecause of this compromise, even a mnderate acidosis in the sense of
a lowered alkali reserve is, as a rule, also nn acidusis in the sense of -
a lowered pii, an.“uncompensated acidosis." Experimental work on this prob-
lem is being done by Dr. Hastings and Dr. Murray, and promises to explain
some of the confusion that has existed among physiologists concernirng the
relative importance of CO, tension and pH in conirolling the respiration.

Methods of Blood Analvsis.

BlooJl Gages. The technique for use of the constant wolume ap-
paratus has been developed in such a manner that the same apparatus used
for analysis of the usual amounts, 1 or 2 cc. of blood, may also te used fcr
both 02 and 002 determinations on as little as 0.2 cc. of blocd, with an
accuracy approaching 1 per cent. As absorbent for oxygen, sodium hydro-
sulfite (th 52 04) has been introduced in place of pyrogallel. The tech-
nique for cafbon moroxide determinatioh wiﬁh the new apparatus has also been
worked out, so that this gas can be detemmined as easily and about as ac-.
curately as 03 and 002. The three gases, 002, 02 and CO can bs accuratsly
determined on a single 1 cc. sample of blood in about 20 mimtes. For this
purpose the gases sre freed by addition of lactic acid and potassiuw fer-
ricyanide. The CO; is absorbed by a few drops of a0k ani the 0p is absorbed
with 0.5 cc. of hydrosulfite solution, the pressure of the gases baing meas .
ured on the mancmeter before and after each absorpticn. Z“he residual zases
are CO and 12, which are measured together, the CU being 2stimated by‘sub—

tracting 1.15 volume per cent for the N,, which is constaut figure for tae

P UL e




circulating blooi. Technigue has also been ascertained for measuring the CO
by absorption with a cuprous chloride solution, but the Uy content of tlood
is so constant that estimation of the CO uy subtracting 1.15 from the CO +
4, per cent proves as accurate as the absorption.

Blogd Chlorides. In measuring the cell chlorides with the ac-
curacy required to follow ire changes observed in our expericonts on electio-
lyte distribution, it was found desirable to cbtain a technique which ob-
viated precipitation of the blood proteins, ~nd the errors Jue to the volume
of precipitate, especially bulky in the case of separated cells. The prob-
lem was solved vory simply by digesting the blood or cells with 3 volumes
of concentrated nitric acid containing a ¥mown amount cf silver nitrate. The
test tube or flasl: containing tho mixture was allowed to stund immersed in
steam or boiling water until the fluid became a clear light yellow, one
hour sufficing for serum, several hours deing required for whole bload., The
excess silver was titrated with sulfocyanate in the same vessel so that the
entire analysis was periomied in a single coatainer. The method has ob-
viated the difficulty of bulky hemoglobin precipitates, at which it_was aimed,
but it has also proven so simple that it is being used in preference to pra- ?;
vious ﬁrocedures for routine plasma amalysis. The accuracy of the method was
tested by precise analyses of standard chloride solutions, and of control

solutions mede by adding to dialyzed blood known amounts of chloride. The

experimental work was done by Mr, Julius Sendroy, at present tachnician in
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the laboratory.
Dy. Salvesen has contimued, with Dr. McIntosh and Dr. Hastiigs,
his study of the physiological phenomena connected with changes in the calzium
content of the dlood serum. As stated in a former rspori, als studies of
the mineral and proitein constituents of the blood plasma in nephritics lad

to the conclusion that the fraction of calcium bound tc protein could bs dze-
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ssased without causing tetany, which results only from a loss of the dif-
fuszible, and presumably ionized Ca. That loss of diffusible Ca is itself

. primary cause of tetany has been somewhat dispuied, increased Ya or pH
ocing suggested as the important factors. Dr. Salvesen is now able to pro-
suce tetany at will in dogs in a few hours merely by oral administration of
.vveral grams of neutral or alkaline sodium phosphate. The Na and pH of the
serum are unchanged. The serum PQ4 is abdut doudbled, and the Ca reduced to
.bout half the normal value. That the tetany is due to the Ca loss rather
than PO4 increase i3 shown by the fact that ii is instantly cured by intra-
senous injection of Ca Cl, sufficient to restore a normal blood Ca content,

Lhe po4 remaining unchanged.
Acute Respiratorv Diseases.

The number of cases of acute respiratory diseases applying to the
hospital for admission during the winter has been less than during previous
vears. This fact is directly related to the fact that the number of cases
cf acute respiratory disease in New York City have undergone a very narked
dimirmtion this year in comparison with previous years. While the oppor-
tunity for clinical study has, therefore, not been so great, the study of the
more fundamental problems relating to pneumonia has proceeded satisfactorily.
Attention is directed to the results of the work of Dr. Avery relating to
the study of ferment and other metabolic activities of the pneumoccoccus and
especially to the results so far obtained by Dr. Heidelberger and Dr. Avery
in determining the chemical nmature of those substances produced by preumo-
coccus upon which type-specificity depend. The work has reached a staze in
which the conclusion seems justified that these specific substances have the
chemical structure off polysaccharides. Mereover, the very important discove

ery has been made that the soluble specific substance produced by Type III
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preumococcus differs chemicall)y from that produced by Type II pneunococcus.
The study of these substances is being continued and, in addition, work is :
oeing undertaken to aetermine the chemical nature of the soluble substance
produced by Type I pneumococcus.
Other studies relating to pathogencsis of prneuwnonia and immunity

to pneumococcus infection have been carried on by Or. Stillwan and Dr.
Branch, Dr. Reimann, and by Dr. Sia of Pekin Union lMedical College who has
acted as a voluntary assistant. Studies relating to the character of the
abnorralities in the respiratory function otcurring in pneumonia have been
continued by Dr. Binger and Dr, Brow. The oxygen chamber has been completed
and has been successfully used, though, so far, only a small mumber of cases
have been treated in the chamber. The experimental studies by Dr. Binger
and Dr. Brew have led Yo important conclusions, ramely that the rapid shal-
low breathing of pneumonia is probably primarily related to nervous stirmuli
arising in the infected lung, rather than to chunges in the enviromment of o
the respiratory center. The work also indicates that the pathological
changes in the blood vessels of the lung may be directly related to the
abnpormalities in the nervous respiratory mechanism. These observations are
not only of academic interest But may be of considerable esignificance in
the therapy of lung infections. Thé more detailed reporté of the studies
on #cute respiratory diseases follow.
Studies on Bioloey of Pneumocogcus.
Dr. O. 7. Avery, Dr. H. J. Morean, Dr. J. M, Neill.

. A study of the biology of pneumecoccus, which has been continued

in the bacteriological laboratory of the hospital during the past six montls,

has yielded certain facts which are not only of interest with refercsnce to
the physiology and cheristiry of the bacterial cell but which give promise cf

wider significance in the interpretation of the processes of infection in
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the anima] body. This investigation as conducted at present follows *wo main
lines of developmant. One of these is concerned with peactions of oxidation
and reduction which are exinibited both by the living cell and by sterile
extracts of the active intracellular substonces upon which these processes
depeni. The other line of development relates to the irmuno-chermistry of
the cell constituents of paewsococcus. The progress made thus far in this
study tas already revealcd the intercsting fact that definits rclationships
exist betweon the chemical constitution znd the biologiczal spacificity of
these coellular substanczs. Those observatioas, recorded in usore deotail irn
another part cf tnis report, furnish a basis for the bettor understanding of
the serological and antigenic propertics of pnewaococcus and hence are spoci-
ficzally related to the moro gencral problems of preurococcus infection and
immnity.

1. Oxidatign and Reduction by Pnoumocozcus. The study of certain
oxidative reactions of the bacteriel cell nas been stirmlated by the earli:r
otservations on the influence of certain catalvtic agents uvpon bacterial
growth. Plant tissue in its natural unheated state has besen found to possess
certain accessory substances which greatly favor the grovith of bacteria.
Among these substances the vegetable oxidases have becen fofind of considerable
importance. VWhere the oxidation and reduction system of vegetable tissue has
been preserved this tissue has been found capable of replacing blood in the
cultivation of the so-called hemophylic organisms; of greatly accelerating
the growth of pneumocoocus and other Gram-positive cocci, and of making pos-
sibie the aerobic growth of anaerobic bacilli. The plant oxidases together
with other accessory substances in the tissue seem to meset ¢ertain physiolozi-
cal needs of the bacterial cell not wholly provided for by the ordinary cul-
ture media. Moreover, therz are bacteria which are either deveid of or in-

comple tely provided with an efficient oxidase systexn. It has recently been
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shown that bacteria which possess no demonstrable catalase form peroxide
whenever the cells are grown with free access to air. Pneumococcus has ap-
rarently no catalace and littie or ro peroxidace. Vhenever this crganism is
grovm in media exposed to uir, peroxide accummlates in the culture fluid,

This peroxide having the properties of hydrogen peroxide is toxic and dven
bacteriacidal. VUhen plant tissue is present in the mediwum, hovevar, there is
artificially supplied an active oxidizing mechanism which fanctions not only
in destroying these deleterious products but which may also serve to furnish
energy for the initiation and maintenance of zrowth. Stuiy of the cultural
conditions which favor the formation and accwmlation of peroxide in the
medium has shovm that the peroxide-forminz activity of pneumococcus is a
funetion not dependent upon the presence of living cells. 3By special pro-
ceduregs, sterile extracts of pneumococcus free from all living and formed
cells have been found to contain substances which arz reactive with molecular
oxygen. Amoﬁg the oxidation-reduction activities of these extracts alread:
reported are the prompt formation of peroxide when the extracts are exposed
4o air, the consumption of molecular oxysen, ani the active reduction of
methylene hlus.

“he peroxide which accumulates as & result of this oxidative process
has in turn been found to cause the destruction of other active intracellular
agents, sich as pneumococcus hemotoxin. If the oxidation is allowed to pro=-
ceed in the presence of oxyhemoglobin, this substance is rapidly converted to
me themoglobin. This phenomenon affords an explanation of the mechanism by means
of which these blood changes are brought about by the living cell. More re~
cently Dr. Neill has shown that certain enzymesof pneumococcus are also desiroyed
by the oxidizing agents which are formed when sterile extracts of the cellular

substances are exposed to air. The carbohydrate hydrolyzing enzmes (sucrase,
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raffinasa, imilinase, amylase) proved most easily inactivated while pneu~
mococcus lypasz, peptonase, were unaffected by oxidation. Tnis study brought
proof that a number of hydroly=zing enzymes of rneumococcus are destroyed by
oxidizing agents actually formed by constituents of the same cell from which

the enzymes are derived,

The_Influence of irtificial Peroxidase Upon the Growth of Anaerebic

Bacllli, Since sterilc unheated plant tissue was found to facilitate

aerobic growvth of a number of anaerobic bacilli it seened of interest to

determine whetner or not it was possible to associate this function with some

simpler inorganic tissue constituent. OSince iron is known to exert an ac-

celerating action upon certajin cellular oxidations, anl is commonly found

in conjunction with the peroxidase of plant tissue, it cee..ed possitle that

this substance might function in the oxidative mechanism of the bacterial cell

and in the destruction of toxic peroxides in a manner analogous to that of

prlant tissue. As ferrous sulfate is knowp $0 accelerate many oxidation ard

reducticn processas, and exhibita the usual reactions of peroxidase, iron

in this form was chosen for study. BHowever, when a solution of ferrour sul- i
fate is added to b:;oth, precipitation occura. To overcome this, use was made
of the method employed by Dony~Hennault in the preparation of artificial lac-
case. A solution of gum arabic and ferrous sulfate was precipitated in ale
cohol. The resulting precipitate is soluble in water and in agqueous solution ?
gives the reaction of peroxidase with benzidine and hydrogen peroxide. Sow

lutions of the gum-iron preparation remain stadble in bouillion, the gum ap-

parently functioning as a protective coiloid. Quantitative analysis of this
preparation shows that it contains approximately 20 mg. of ircn per gram, In

broth containing smarll amountsof this preparation the obligate araerobes

studied were found to grow thrbugh repeated transfers in the presence of air.
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The fact that an inorganic salt of iron can by itself replace plant
tissue in the aerobic growth of anaerobic bacilli lends support to the hy-
pothaesis previously advanced. It has been shosn that certain aerodic or-
gapnisms which are deveid of catalase form hydrogen peroxide when grown in
the presence of air, In the case of pneumococcus which possecses no cata-
lase, hydrogen peroxide is nown to accumulate in the fluid of aerobic cul-
tures in concentrations vhich are bacteriostatic and even dbacteriocidal.

As far as 1s known anaerobic bacteria are also devoid of catalase and hened
these cells cannot destroy peroxides. Fram these relations it seems not un-
iiknly that ana erobic bacilli fall to grow in the presence of ir, not
because atmospheric oxygen as such 4s a direct poison to the cell, but be-
cause of the toxic action of peroxides which may be formed as the result of
the union of molecular oxygen with some autoxidizable substance in the bac-
terial cell. Under these circumstances organisms which are peculiarly sen-
sitive to the action of these peroxides not only fail to grow but actually
die. If this assumption is correct, then the aerobic growth of obligate
anaerobes both in the presence of artificial peroxidase and of plant tissue
finds partial explaration at least in the fact that peroxides formed are ra-
pidly broken up under these cultupal conditions. Therefore, so far as the

toxic action of peroxides is concerned, the sensitive cell is protected al-
most as effectually as though it were growing under anaerobic conditions.

Papexs Publighed Since Ogtober 1, 1923.
(Drs. Avery, Morgan and Neill)
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H. J. Morgan.
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The so~called "soluble specific substarce" of the pneumococcus, it
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from pneumococcus cultures, and was found to be present not only in the intact

bacterial cell as well, but also in the body fluids of the infected host,

It was selected as a basis for the present studies on the chemistry of bac-

terial specificity because it was not only highly type-snecific, but also

possessed a stability to heat, encymes and many chemical reagents that augared

well for its susceptibility t¢ study hy the methois of organic chemistry.

At the time of the last

the Type Il pneumococcus had been

gubstance with a specific optical

and hydrogen contents of 0.46, <6

yielded 70.5 per cent of reducing

logous in.une serum at a dilution

report the soluble specific substance of
purified to f:rm a faintly yellow amorphous
rotation of 455.2°, and nitrogen, carbon
.3, and 6.0 per cert, respectively. It
suzars on hydrolysis and reacted with homo-

of 1:10,000,000 (Prepn.21 in Table I).

Table I.
Soluble Specific Subgstance of Pneumococcus Type I1.
Prep.| Specific [Nitrogen| Reducing Carbon 'Hydrogen Pptn with Inmune
No. | Rotation Sugars on Serunm
Hy3irolvsis
olo 0/8 olo olo i
21 +55.2° 0 .45 70.5 %6.3 6.0 10,000,000
1 A{455,8° 0.20 67.2 5,000,000
22 A | +52.2° 0.41 65.8 5,000,000
22 B i +52.5° 0,31 62.6 000,000 |
23 +53,9° 0.39 62.3 5,000,00
24 +58.,2° 0.16 74 .8 2,000,000
25 +63,2° 0.18 80.3 3,000,000

From 21 on, Type II S.S. in 1:200 solun. gives no pppt. w. CuSO.,
no biuret reaction, no ppts. with phosphotungstic acid, tamnic acid or neutral
Pb. acetate, but ppts. w.H, basic Pb. acetate and U0, (¥o,) g0

with iodine.

No color

Soluble Specific Substance of Pneumococcus Twpe III. E

r —e 4 e

27

-33.0°

0.11

73.0

42.3 | 5.2 2,000,000

<ot

—3a UV

U.Ub

75.0

2.6 5.6 3,000,000

Type III $.S5. in 1:200 soln. ppts. with CuS0, and other heavy metal
sa}ts gnd glves no biuret reaction or ppt, with tamnic acid. Phosphotungstic
«Cid ;,1ves a turbidity perhaps due to the free Twvpe III acid which is soarina™ -

soluble and is pptd. b~

stron ., .iCl.

No color with iodine.
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Subsequent work on the Type II specific substance has been devoted
to improvement of the method of purification and attempts tc separate the
specific function from the polysaccharide portion of the product.

The method oi purification previously desc.ibed has bean improved
by the follewing additional steps: the active material is precipitated twice
from alkaline solutidn by means of alconol, and is then thrcovn out oi solutioun
three times with solid am.onium sulfate instead of twice. The fipal dialyzed
solution is now ccncentrated to srall bulk and poured into 10 -15 volumes cf
redistilled acetone, precipiteting the soluble substarce as a white, friable,
fibrcus mass. In this way preparations such as 21 A, 24 and 25 wer:s prepared,
with nitrogen contents of 0.2, 0.16 and 0.13 per cent, respectively, In the
case of Preparation 25 the yield from 307.5 liters of culture fluid was 4.5 g.

In Preparation 23 both the source of aaterial and the method of
purification were varied, but essentially the sare trpe of nroduct was obitained.
Unwashed rneumococci were dissolved with the ald of bile, the khacterial neu-
cleop:otein was precipitated from the solution by acidification with acetic
a.id, ard the soluble specific substance removed from the filtrate by alsorp-
tion on aluminum hydroxide. The adsorbate was washed with water and the spec-
ific substance recovered by extraction with disodium phosphate solufion. By
repeated fractionation of the resulting solution with the acid of alcohol much
as in the usual method, bile substances were eliminated and & highly active
specific substance obtained which resembled in its general properties the
products obtained directly from the culture fluids (See Table I).

As it seemed possible that the polysaccharide found in the adove
preparations might be a tenaciously adheringimpurity, and that the actual
specific substance might belong to some other class of organic substances,
repeated efforts have been made to effect a separation and are still in

progress. These experiments are along taree main lines:
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1. Hydrolysig by means on Fnzvmes. The common polysaccharide-

cleaving enzymwes, such as invertase, malt, diastase and pancreatic and sali--
vary cmylases, fail to proiuce reducirn,; sucars in the solutions of the sSpeci-
fic substarce and leave the specific reaction unaffected as well. It has
likewise boen irpossible thus far to detect any alicration of eithcr the
specific or carbohydrate funstion by the action of any wolds growm in solu-
tions ot the acti-e pateriel. E.periments with molas, yess's and bacteria
will U2 contirucd

8l

<. lroeinitation with Dmpne Serum. A solution coentaining 0.3 g -

0f Frepu U4 wos precipitited with Type 1D immure serws, of which 09 cc.
were ragicsed. The precipitate was waished with £ait sclution ard coarulated
by boiliis 1t with very dilute acetic acid. The coagulum retained the speci-
fic subs*iirnce, bat this was finally removad, tozether with ruch protein ma-
terial, v repeated extraction on the water bath with normal ammonium hydrox-
ide soluiizn. TFrom the concentrated extract it was possible by & number of
fras.lcanticns with alechol, to recover 0.1 n». of a product with the proper-~

o

ties ¢f 22 A. (See Table II).

Table 1I.
T Specific | Nitrogen | Reds. Pptn with Immune
Rotation Sugars ¢n Serum
Hydrolysis
1:
Combined and | 224 +52.2° 0.41 65.8 . 9,000,000
ptd. wit
0,(N0) 2 |228 +58.5° 0.31 - 62.6 5,000,000
Recovrered 22F +53,9° 0.12 72.5 2,000,000
24 +58.2° 0.16 74.8 2,000,000
24 Pptd. by
jrmmane seium;
1200vered 244 +50.0° 1.0 74.3 2,000,000
24 Pptd, '
by basic Pb.
agetate;
recovered 24C +50.,0° 0.19 75.0 5,000,000
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This preparation, in contradistinction to purer samples of the
specific substance, gave a weak biuret reaction and a slicht haze with
tannic acid, indicating that the hi-her nitroren content was due to con-
tamination with protein decomposition products derived frem the serum. The
fact that the activity with immune serum was at least no hi~her, also justi-
fies this interpretation. It will be seen, therefore, that after the pre-
cipitation of purified soluble specific substance by its oom antibody, the
subsequent dissociation of the irmmune precipitate rosulted in the recovery of
7 polysnccharide which was practically identical with the oricinal m..terial.

3. Precipitation with Incrranic Salts. The only heavy metal salts

thus far found which precipitate the Type II specific substance are tha uranrl
salts, which do not precipitate ordirary polysaccharides, arnd tasic lead
acetate, which precipitates all sugar derivatives, It will be seen from Table
IT that the material recovered after precipitation with these rearents was
still a polysaccharide derivative practically nitrozen free and essentially
unchanzed in optical rotation, in activity with immane serus, and in percente
age of reducing sugars on hydrolysis.

The following experiment is appended as showins not only the ree
markable stability of the specific substance to strong acid in the cold btut
also in a rough qualitative way, how the specific reaction diminishes only
as the polysaccharide is hydrolyzed by stronc acid and reducinz susars appear;

1:1 hydrochloric acid used at rocm temperature.

Original concentration of Prepn. 21 : 1 : 1000.

Test No, [ O 1 2 3 4 . 5 )
Time 0 2 hrs.] 19 hrs. days |3 davs | €& davs

Imymne '

Serum ++H+ | ++E 4+ 4+ + -

Cu.

Red'n. - - - + ++ 44
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Regarding tho reducing sugar which is formed on hydrolysis of
the Type II specific substance in its present state of purification, it
was shown in the last report that glucosazone was obtcined from the re-
action mixture. This establishes glucose, fructose or mannose as the chief
possible reducir; sugars presert. By folloving the optical rotation of a
preparation during the hydrolrsis, however, it was found that the initial
high detrorotatory value rexained essentizlly unchanged, whereas if mannose
or the levorotatory fructose hal been formed in appreciable amount, the
rotation would have decreased as the hydrolysis progressed. It thus aprears
that glucose itsclf is the chief unit froam which the polysaccharide structure
is buildt un.

Swmmarizing, then, the work to date on the Type II specific sube
stance it appears that, in 1ts present state of purity the material is a
white, amorphous sulphur and phosphorous-free polyglucose derivative in
which the non-carbohydrate portiorn of the rolecule rapresents 25 - 30 per
cent of the total; that the low nitrogen content, 0.1 = 0.2 per cent and
absence of reactions for protein split-products exclude relationship with
the group of proteins and their derivatives, and that by all the methods
hitherto used for purification, including adsorption as well as precipita~
tion with the specific antibody, essentially the same type of polysaccharide
derivative is recovered. It is, therefore, becoming increasingly difficult
to believe that the carbohydrate present can be merely a tenaciocusly adhering
impurity.

Type III.

Iittle work was necessary én the specific soluble substance of
Type III pneumococcus to show that marked chémical differences existed betweeﬁ
it and the corresponding substance of Type II.

The method used for the purification of the Type III specific syb-
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stance is the same, up to the f;nal stage, as that used for Type II. 8-day
autolyzed broth cultures are concentrated to one-fifteenth volume on the
water-bath and precipitated with 1.3 relumes of alcohol. High-spped centri-
fugution of the precipitate results in the usual 3-layer separation of which
the middle, solid layer contains practicually 211 of thc active naterial.

The remaining precipitations irith alcohol and ammonium sulfate differed from
those in the case of Tvpe II only in revealing differences in the tenacity
and appearance of the precipitates of active material.

It then developed that not only is the Type III specific substance
precipitated by heavy metal salts such as those of silver, rnercury and cop-
per, which do not precipitate the Type Il substance, but that, in conformity
with this, the Type III substance is the soluble alkali or alkaline-earth
salt of an jnsoluble, strong acid, which is thrown out of solution when an
cxcess of strong hydrochloric acid is added to concentrated solutions of the
Type III substance. Preparations 27 and 2C were purified br two such pre-
cipitations of the insoluble acid from strong solutions of matarial which had
been carried through the usual method of fractionation. It will be seen thag
when redissolved with the aid of a little alkali the solution is levorotatory
instead of dextrorotatory as in the case of the Type II substance; that the
yield of reducing sugars and the degrae of activity with immune serum are about
the same; that the amount of nitrogen is negligible, and that the active sub-
stance again appears to be a polysaccharide derivative. The percentages of
carbon and hydrogen are 4 and 0.6 per cent, respectively, less than in the
case of the Type II substance, in accordance with the conceptién that a number

of terminal CH,OH groups in the polysaccharide molecule have been oxidized

to COOH, thus ziving rise to a strong acid. Provisionally the differences bet-

ween the two types might be expressed by the rough tentative structural formulas.
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in which -R- in one casge 15 2 ropetition »f the glucose wnit on the left
and  COOH
-k in the cther the radical of an acid such as glucuronic acid, in

which the teniiial -CHZOH group of glucose is oxidized to -CCOZ. The susar
units nay be combined either in Zlucosidic uuaion, or by polymcrization, and
other sugar units may be present in either molecule . R' and R!! represert
the reraining 25-30 per cent of the molecule to which ro clue exists as et.

That some such difforence actually obtzins is indicated by the
study of the hydrolysis products of the Type III suhst nce, as et onlr in
its preliﬁénary ctage. Vith phenylhydrazize o crystalliine osazone is formed.
This softens above 180° and nelts with decormosition at about 200°, but shews
entirely different solubilities from those of ;lucogazone, nor does it muta-
rotate appreciably in pyr:ldine-alcohol. p-Bromphenyrlhydrazine also yields
a crystalline osazone melting at about 190°, with an initial specific rotae
tion of about -280° ang a fimal valus of -230°. Definite data on the osa-
zones of glucuronic acid and its amlogs do not exist except that the p.bromd
rhenyl osazone of glucuronic acid has a very high negative rotation.

To summarize, then, the soluble specific substance of Type III
differs chemically from that of Type II in being an optically levorotatory
strong acid, hydrolyzing to reducing sugars, chief of vhich is perhaps glu-
curonic acid or an analog, and not glucose, as in Type II.

1
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pathopenesis of Lung Injections.
Dr. Stillman and Dr. Branch.

The study of the experimental production of acute lobar pneumonia
in mice by the inhalation method ras been continued. Norr®Xli mice have been
intoxicated with alcohol and then exposed to air containing pneumococci in
suspension, but in ne case has a true pneumonia resulted. If mice are
rortially immunized, however, by expcsure to an atmosphere containing live
or even dead pneumococci in suspension, and they are subsequently intoxi-
cated and again sprayed with live pneumococeci, the lungs may Ehow definite
gross consolidation of one or more lobes. Sections of these lungs exhibit
rathological changes resembling red and grey hepatization.

In order to see if a generalized immunity may be developed fol-
lowing inhalation of pneumococci, mice were sprayed from 2 to 12 times with
pneumococel. The immunity of these mice was then tested by intraperitoneal
injection of pneumococci. The results show that a definite general immunity
against pneumococci may be developed in mice following repeated spraying with
live orzanisms. No general immunity, however, has been found in mice which
have repeatedly been sprayed with killed culture, or with pneumococcus vac-

cine.

Effect of Environmental Conditions on the Serolegical Properties of Pnewmococcus

Dr. Reimann.

The study of the effect of different envirommental conditions on
the biological properties of the pnaumocoﬁcus undertaken last year by Dr.
Dahl has been continued. Dr., Dahl had observed that when a virulent pneu-
mococcus was repeatedly grown over a long period of time in homeologous serm,
or in bile, or even inAheterologous seium or in bouillon, that the virulence
was markedly diminished and the organisms lost their strict type specificity,

and that the antigenic properties were greatly modified. These changes were
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particularly marked with the strains treated with homologous serum and bile. !

The effort has now bezn made to restore the original specificity and viru-
lonce of theso modified cuitures. It has bzen possidie by repeated passages
through mice to cause the strains which wer:s modilied by growth in plain
bouillon, heterologous seiwn ond honologous serum to reglin tne specific
properties wnich they originzll: possessed. The sirain treated with bile,
on the othur uhand, has thus far renained réfractory. Lver. after 100 pas-
sages through mice this strain ic only moderately virulent, ani the specific
agglutinability is very faint. loreover, thu cocci are still highly re-
sistant to the action of bils.

Several recent investirators bave observed that when certain

organisms (Shiga bacilli, streptococci and pneumococci) are grown under ad-

“werse conditions certain changes are produced in individurl organisms and

that when these strains are plated, colonies of different tyrpes are seen.

The differences in the colonics are so grcat that the different t’pes can

be differentiated macroscopically. The organisms isoiated frax the differcnt
types of colonies are also found to vary markedly in virulencs, type specifi~
city and antigenic properties.

This phenomenon has been studied in a culture of pneumococcus which

TR T TR Y

had been grown 240 times in plain bouillon. Vhern this culture is grown on

agar plates colonies of two kinds have been found. Also the pneumococei iso-

lated from a colony of one type differ markedly in virulence, and specific

immune reactions from the pneumococei isolated from a colony of tue other

type .

The studies so far mede indicate that under certain coniitions pusu-
mococci way suffer a loss or modification of the function upon which tha

specifigity depends. In no instance so far studied, however, has any organ-
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ism been found to acquire any new specific function.

Chanses in the Blood in Pneumonia.

Dr. Reimann.

Blood Platelet Count, Corpuscle Volune and Sedimentation Time of

%2d Corpuscles. An improved technique recently devised for counting blood

platelets has besn employed in studying the variation in the rmurder of blood
platelets during the course of pneumonia. At the same time the sedimentation
time of the red blood corpuscles and the relation of corpuscle voluns to
plasma volume have been studied.

Eight cases have so far been studied during the entire course of
the diseass and it has been found in each inctance that the platelet count
is diminished during the acute stage.. At the time of crislis cr lysis, or
shortly after, the number of platelets increases, and in 7 to 5 days the
number is double the normal. The count returns to the normal limits in
about 2 weeks. If serum disease occurs the numver again diwinishes.

The volume of red blood corpuscles is diminished during the fever
out of proportion to the decrease in the nunber of red blood corpuscles. The
volume returns to normal in about 7 to 14 days after the cr;sis.

The speed of sedimentation of red blood corpuscles is also mark-
edly increased during the fever, and diminishes very gradually, until it re-

turns to the normal time in about 1& days.

Further studies are in progress to determine the significance of

these changes.

The Inhibitory Action of Serum an Leucocvte Mixture on the Growth of Pneurio-

cocel .
Dr. Sia.
As is well known, under ordinary conditions pneumococci will grow

readily in blood, even in the blood of animals immune to infection. Yet when
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inoculated into the blood stream of anirals resistant to infection with prneu-
mococcl the pneumococci fail to grow. The exact method of this destructive
or inhibitory action of the fluids of the btody has been much studied, but

the technique heretofore employed has not remitted accurate quantitative re-
sults to be cdbtained. It is renerally belicved that phagocvtosis plays an
importunt part in this phenomitnoa, but other factors may also be concerned.

Dr. Robertson and Dr. 3ia, wurking in Pekin last year, devised a
rethod for studying tlhe destructive action of blood, or more particularly,
of scium leucocyte mixtures. Th2 method consists in employing lmown quanti-
ties of serum and washed leucocytes in sgall glass tubes seeded with varying
nmmbers of preumococci. The tubes are then scaled with paraffiied corks and
attached to an agitating apparatus placed in the incubator. A constant ard
thorough mising oi leucocytes and microorganisms was therety c¢btained during
incubation,

Fraploying this method Robertsun and Sia huve found that when vary-
ing numbers of pneumococcus are inocculated into tubes conteining constant quan-
tities of a mixture of serum and leucocytes from animals resistant to pneumo~
coccus infection, such as cats, dogs and pigeons, growth fails to occur in the
tubes containing considerable numbers of bacteria. When, on the other hand,
similar inoculations are made into tubes containing mixtures of serum and J;eu--
cocytes from susceptible animals, such as rabbits and guinea pigs, growth ocw
curs in all the tubes even in the tubes containing the smallest mm'ber" of or-
ganisms. The results obtained were consistent and definite, and apparently,
show that natural immunity,just as artificial immunity, depends on the inhibi-
tion or prevention of the growth of pneumococci by the action of body fluils.

They have shown by this method that the immne property resides in the sarum
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Dr. Sia nas been working in this hospital during the past three
morths. He has brought with him the apparatus employed for keeping the
rsixwures in constant rotion and he has undertaken to determine the role
which the so-called soluble substance plays in the phenomencn cf growth
inhibition. He has found that the soluole substance, even in dilutions
as high as 1:2,500,000, exerts a definite effect in increasing the inhibitor:
action of serum leucocyte mixtures. Further studies have showm that this
ef{ect is rot due entirely to a modification of the bacteria, but is in part
the result of an injurious action upon the leucocytes.

Also a study with this method 1s veing wmade of the appearanca ct
growth inhibiting properties in the blood of patients suffering from pneu-
monia. It has been found that at the time of crisis and for a short time
thereafter the blood of patients sufferin; from pnewsorda acquires very
marked ~rowth inhibiting properties. A series of caces is now being ;
studied and curves of srowth inhibiting power of the blood are being made
for the purpose of determining the time at which this power is at its haiat
and when it disappears.

Oxygen Chamber.

Dr. Binger and Dr. Brow.

.

The new oxygen chamber has been in use since the first of the year.
For simplicity and economy of operation it has proved very satisfactory.
Owing to the scarcity of‘severe cases of pneumonia this year oaly a small
mumber of cases have been treated in the chamber. The general policy is to
use the chamber for cases in which the prognesis is unfavorable and in which
there is evidence of oxygen want. Type I cases are ordinarily not treated
in the chamber but with serum. The observations made this year confirm those

previously obtained, namely, that in patients with cyanosis the breathing of
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an atmosphere Cemtaining an increased percentage of oaxysen affords to the
patient a very definita sense of yrelief and increased comfort, the anoxemia
is diminished or relieved, and the cyanosis becomes imuch less. It is still
too soon to make any definite statements in re;ard to the effect on mortality
rate. A description of the chamber is bzin; prepared for publicatien.

Dr. Binger in conjunctica with Dr. Barach of the Presbyterian
Hospital has prepared an oxygen bed tent for usc in hospitals which cannot
afford to construct chanbere anl possiblyr for use in homes. The uethodl of
oxygen and COQ Bnalyses used in the chamber have been adapted to the tent
and a syster of air purification and cooling has becn constructed which keeps
the air in the tent comfortable. This tent has been used satisfactorily by

Dr. Barach on several cases. A description of the tent will be published

soon by Drs. Zinger and Carach.

r. Binger ani Dr. Brow.

In bonnection with the work on anoxemia and oxygen therapy in
pneumonia, a series of animal experiments are being conducted with the object
of inquiring into the mechanism by which rapid breathing and anoxemia are
produced.

The teaching of Haldane and his pupils has been that in pneumonia
there occurs an unequal distribution of aif in the lungs permitting part of
the blood to return to the systemic circulation in a state of oxygen unsatu-
ration. This results in oxygen want in the tissues. As a result of the de-
ficient oxygen supply in the central nervous system rapid and shallow breath-
ing is initiated, and this type of breathing is ineffective for the proper
ventilation of the lungs and aeration of the blood. A vicious circle is thus

established: anoxemia resulting in rapid and shallow breathing; rapid and shal-

low breathing resulting in anoxemia.
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In these experiments this problem is being studisd further. By
intcrfering with the pulmonary circulation in dogs severe degrees of anoxenmia
haove been producdd and respiratory rates 10 or more times the normnl. It
is now possible to evaluaie the several factors involved in the production of
anoxemia and to put to 2 test the theoretical generalizations laid down by
Lundsganrd and Van Slyke in their recont noncgraph on cyanosis.

The essential findings are us follows. Certain irritant substances
(chlorine water, ammonia) injected into the lung by passing a fine catneter
down the trachea of dogs produce very rapid respiratory rates. This rapid
rate can be irmediately stopped by section of the vazus nerves. A method
of "physiologicallyv" sectionirg the nerves has been found. Tnis consists in
passing a silver-platcd tube under the nerves and alloving cold brine (-5°C)
to flow through the tube. The cold inhibits vagal impulses. After the nsives
are allowed to thaw they ars found again to transmit impulses.

Certain specific capillary poiscns (histamine, trramine) behave
similarly to the irritant substonces in producing rapid breathing through
vagal paths, It was believed that lesions of the pulmonary capillaries were
responsible for this phenomsnon. For this reason‘ Dr. Binger and Dr. Brow (fo1-
lowing some observations made by Dunn during the war) injected a suspension of
potato starch intravenously into dogs and observed the onset of extremely i'apid
rates of respirations -often as high as 150 per minute or about 10 times the
initial rate. This, too, could be r‘educéd to about the normal rate by wvagal
freezing. s

To determine whether the origin ef thése impulses was actually in
the capillaries Drs. Binger and Brow have injected progressively larger parti-
cles into the venous system of dogs, beginning with ooppy seeds, then rape
seeds and, finally, radish seeds. It is of intersst that a given mmber of

seeds of any one kind may be injected without apparent effect. As soon as a
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wrger mamber of seeds are injected, however, rapid breathing is precipitated.
i oach one of these experiments careful studies have been made of the oxyzen
sutent and capacity of the arterial blood and of its CO, content. All of
."se experiments in which obstruction of the pulmonary circulation has been
roduced have been accormpanied not enly 57 accelerated respiratory rates but
.- markod and progrzssive anoxemia of thz arterial blood. The anoxemia is
;pparently independent of the respiyatory rate, but it is in some still un~-
splained manner related to the circulatory obstruction in the lung. This
i1ut fact was established by freezing the vagi, maintaining a slow respira-
rory rate and then injecting the seeds. Such an experiment was accompanied

Uy just as gret a reduction in O_ saturation of arterial blood as on experi-

2
...t in which the rapid rate was alluwed to supervens. It Lias been found,
tco, that oxygen administration to these dogs aboliches the anoxemia and
rectores the respiratory rate to its initial level. So it may be concluded
that the accelerated rate resvlts from anoxenia -~ but the anoxemia is not the
-2sult, primarily at least, of rapid breathing. The cause of anoxemia which
follows obstruction in the pulmonary circulation is not yet certain.

The striking analogy between dogs whose pulmonary circulation has
been obstructed and cases of lobar pneumonia has frequently impressed Drs.
Binger and Brow. In both there are rapid respirations, anoxemia, fall of
arterial pressure, dilatation of the heart, and in both oxygen inhalations
abolish the anoxemia and reduce the accelerated respirations. Recently lung
volume changes in those dogs resulting from the obstructed eirculation have

been found. This is another point of analogy with pneumonia.

The work has been accompanied by very careful patholegical and his-

tolcgical studies made by Dr. Branch. He has prepared Barium gelatin injection

specimens of the dogs'! lungs which when X-rayed or cleared show the distribut-

ion of the cifculatory obstruction.
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rxpariments in Breathinc.
ir. Davies.

Experiments ars in progress with tis Haldane bloed _-os zpparatus in
cre darection of awproving the technijque wnd ttometing to recowcile the dif-
rerences between results cbtainel by this etaci and those ot the Van Slyke
sethol. It is expected tnat shortly it will be possible to determine oxygan
~Lturation, total oxy,en capacity anl carven dionilc content upon o single

~rpile of 2 cew of bloed. The object or tiis work is to develop a siiople
techrique foogather with an inexpensive forn of apgaratus for routine clinical
tlood gus anal:rsis.

In conjunction with Drs. Bingcr ond Brow expericents ure in progruss
to determine the respiratory response to varyin: concentrations of earbon

iioxide in the inspired air, and to determine the effects of varying oxygen

La]

ercentage upon this response. The object of thesc experiments is to estah-
lish normals in order to compare the effects in cases of respiratory diseasc,
vspecially pulmorary emphysema and lobar pneumonia. It has already been found
in the individuals so far investigated that the response varies with different
individuals. It also varies in a given individual in different postures and
with differsnt oxygen concentrations.

A case of pulmonary;emphysema is being investigated as regards
lung volume, blood gas and acid-base balance. It ié expected that other cases
of this disease may shortly be available for similar studies. The object of
these investigations is to endeavor to throw some light upon the pathologi:al
rhysiology of this remarkable condition and especiallf to'explain why cases
with emphysema can tolerate higher concentration of 062 in the inSpiréd air
than normal individuals.

In conjunction wiﬁh Drs. Hastings and Murray an experinant was per-

formed to determine the effects of extreme local asnhyxia, produced by stasis,

i
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upon the gas CC and acid-base balance of the blood. It is hoped that experi-

[ I e .

ments of this nature may throw some light upon certain orf the phenomena re-
sulting from peripheral stasis in cardiac decompensation, and also help to
elucidate the recans vhereby the blood and tissucs endeavor o maintain their
normal acid-base equilivriw: under extreme condations.

Pathological Laboratory.

Dr. Arnold G. Branch.

During the past six months therc have been 11 cases autopsied. 2

Armin

of thece were from the respiratory service, 1 fron the rheumatic, 2 from the

i

cardiac, and 5 from the nenhritic. Ther include: i

1 case of lobar pneumonia g
1 case of bronchopneumnonia (both Pneumococcus group Iv). f
1 case of rheumaticz endocarditis '
2 cases of chronlc valvular disease

1 case of syphilitic aortitis and aneurysm

3 cases of chronic nephritis,

1 case of chranic nerhrosis in a horsechoe xidney

1 case of hemochromnatosis.

The last case, in which there was present a carcinoma of the liver with malig-
nant thrombesis of the porial vein, was treated with insulin. This case was
of much interest and a full report of the clinical and pathological features
is being written by Dr. Branch and Dr. Salvesen.

Dr. Branch has also been engaged in completing the studyr of the
lesions produced in mice by exposing them to atmospheres containing pneumo-
cocci in suspension. (See rsport of Dr. Stillman's work).

In addition, a series of rabbits and rats are beiny fed on hish

protein diets with a view to confirming Newbur~h's work on the production of

kidney lesions by diets high in proteins. Should these experiments prove

confirmatory, it is expected to feed animals with tyramine, & product ot do-

composition of tyrosine in the large sut, as a possible means of producing
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chronic nephritis.

The lungs of the series of dogs being experimented on by Drs
Binger and Brow have been examined pathologically. Besides histological
examination a series ol Spalteholz preparations have been made of arterial
injections. (See report of Dr. Binger's work).
lgvort_on a Case of FRelapsing Tryparosomiasis Treated by Tryparsamide.
Dr. H, J. liorgan.

In connection with the work ¢f Drs. Brown ani Pearce concerning
the treatment of trypanosomiasis with tryparsamide a brief report of a case
of sleeping siclkness, or trypanosomiasis, rccently treated in the hospital
may be of interest, especially since ths case offered an opportunity for com-
paring the therapeutic efrect of Bayer 205, a German preparation of unknown
composition, with the effect of tryparsamide.

The patient was a woman who contracted the disease in the Belgian
Congo inl919. After her return to this country in 1922 trypanosomecs were
found in the blood and in the cerebrospimal fluid. She went to England where
she was given 10 doses of Bayer 205. Definite improvement :esulﬁéd, and the

case was included among the 10 cases reported as "cured" by Manson Barr. On

her return to this country in December 1922 she seemed well, but in Januhry,
1923, a relapse of all the old symptoms occurred, although no t;yfanOSOmes
could be demonstrated in the blood or spinal fluid.. Sﬁé was:admitted to this
hospital for treatment with tryparsamide and over a peribd of two months 10
doses of tryparsamide, varying in size from 2 to 3 gns, were administered.
Very prompt subjective and objective improvement resulted. She bacame able
to walk, gained 10 xiles. in weight, and, ezcept for a trace of globulin in

the cerebrospinal fluid and a very slightly increased cell count, no subjective
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or objective manifestations of the disease remaired. She has returned to
the hospital on several occasions for observation and treatment and has
remained very well up to the present. The case is of interest in showing

the effect of tryparsamide ia a patient in whoan a relapse of the symptoms

occurred following the adminictration c¢f Rayer 2C5.
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