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PROCEEDINGSOF THE FORTY-SIXTH ANNUALMEETING OF
THE AMERICANSOCIETY FOR CLINICAL INVESTIGATION

HELD IN ATLANTIC CITY, N. J., MAY4, 1954

PRESIDENTIAi ADDRESS

By CARL V. MOORE

The size of this audience, year after year, is an im-
pressive testimonial to the vital and still growing interest
in clinical investigation. To a large extent it exemplifies
the great desire of a constantly increasing number of
young men to make significant medical contributions of
their own, to have full-time careers in academic medi-
cine. As long as this trend continues, one can look to the
future with confidence and keen anticipation that our un-
derstanding and control of disease will continue to become
more complete. The young clinical investigator, how-
ever, is confronted with ever increasing competition for
the most desirable academic positions, witlh complex du-
ties that often provide him too little time for creative
thought, and with the temptation to seek more money
for his laboratory than he can wisely use. These are
factors which may eventually dampen enthusiasm or
otherwise adversely influence clinical investigation so as
to reverse the trend.

It has been traditional for young men to start out with
the conviction that the only academic jobs really worth
having are those as chief of the service or as chairman
of the department. Wehave surrounded those positions
with an aura, a sense of reverence which has at least the
faint aroma of hero worship. I have heard house officers
and research fellows discuss repeatedly the fact that these
coveted jobs have increased very little in number while
the men who seek them have grown to the size of a small
army. They feel that our frontiers are gone, our era of
expansion over so that here, as in many European coun-
tries excellent men will have to turn away from uni-
versities in increasing numbers because opportunities
have not kept pace with interest. I would like to argue
that the reverse is true, that opportunities have multiplied.
To accept and believe this statement, however, we need
to keep values straight and not worry about titles.

As faculties have been expanded during the past ten or
fifteen years, jobs have been created that are really better
than the one the Chairman has. He sets policy, to be
sure, is regarded with more esteem by the community,
and receives the largest salary; but with the expansion
he has had more and more administrative detail, more
committee meetings to suffer through, more responsibi'ity
to make certain that his associates have what they need,
and less free time for his own scientific interests. By
contrast, the other one or two professors in his depart-
ment, the associate and the assistant professors, have
more freedom, more time to work on the wards or in
the laboratory, more leisure to think. The wise policy of
establishing divisions within a department, and of giving

division heads a large measure of autonomy, provides
the sense of independence that most people need to have.
It is difficult to understand, then, why these jobs shouldn't
be so satisfactory that the men who hold them would
be content with them for life, covet them as the remark-
able opportunities they are. Most of them are now com-
ing to offer tenure so that security is not involved. The
assistant professor in a medical school often has an income
which equals that of a department chairman in other
branches of the University. In terms of academic stand-
ards, therefore, income is usually good although it ob-
viously won't allow standards of living comparable to those
of men in practice. Perhaps the desire to run things, to
be "tol) dog" is so strong in the human race that the se-
curity, the opportunity and freedom to work within a Uni-
vers4y on problems of one's own choosing just won't
provide to most people the measure of satisfaction they
want from life. I am naive enough, however, to believe
that if we would stop blowing up the professor as if he
were some superhuman colossus, and would wave a flag
more vigorously for the other jobs within a department,
we might be able to focus on them as the prizes they are.

II

But if non-administrative departmental positiolns are
to be kept so attractive that men will accept them as life-
time opportunities, both the departmental chairman and
his men have a job to do. The former, confronted with
increased teaching and service responsibilities himself,
must not ask his associates to take over so many of these
duties that he destroys their creative effectiveness. His
task here is not an easy one. During the period of ex-
pansion most of us have recently been through, depart-
ments have been asked to take over the responsibility for
more patients in their own university hospitals, in
veteran institutions and in community hospitals which
wanted to affiliate with the University. Any decision by
a medical school that the saturation point has been reached
is likely to prove unpopular. Most schools have yielded
to pressure by increasing the size of their classes, often
to the point of greatly reducing faculty-student ratios.
The departmental chairman has to be most ingenious un-
der these circumstances in order not to overload his men.
In addition, he must give them all the autonomy possible,
must make every effort to see that they get the recogni-
tion they deserve, and must fight to keep their incomes
adequate.

But those of us who have never been chairman of a
department often blame the chief of the service too much,
and ourselves too little, when free time vanishes. The
traps we fall into are fairly obvious, but most men never
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learn to avoid them: too many speaking engagements, too
many conferences, too many committee meetings. One
might follow that by saying: too much talk, too little
work. It is reminiscent of the New Yorker story about
a maid who quit her job because there was "too much
switchin' of the dishes for the fewness of the food." Most
men appreciate the recognition provided by these outside
assignments, of course, and have a responsibility to ac-
cept their share, but the proper balance is hard to keep.
Then there is the temptation to take oneself out of the
academic income bracket by seeing more and more private
patients or by assuming additional extraneous duties
mostly because of the money involved. The price we have
to pay in medicine, particularly in clinical departments,
for the great privileges of an academic life, for the stimu-
lating association with brilliant colleagues, for the op-
portunity to do just what we want to do, is so much less
than that required of our other university associates that
most salary protests have a hollow ring. Income bought
at the expense of free time for creative work will certainly,
for the investigator, seem like a poor investment when
the age of 65 or 68 rolls around.

III

The danger also- exists that each division head, when
given a large measure of autonomy, will be tempted to
build a little empire of his own without regard for the
structure of the department as a whole. There is a dis-
ease which is fostered by this system. As departments in-
creased in size, most medical schools had to use for
salaries the money that formerly had supported research.
Governmental and foundation research funds, fortunately,
became more plentiful and filled the hole. Each man was
told to apply for his own research grants. There then
developed what may be called the "centrifuge-scintillation
counter-Beckman disease." Formerly, one or two cen-
trifuges would suffice for a whole department. Now,
every laboratory must have at least one. This disease
has characteristic symptoms and signs. There is acute
depression if the laboratory budget is less than $100,000
a year. There is unhappiness if there are so few fellows
and technicians that the principal investigator has to do
any work himself. No experiment involving radioactive
isotopes can possibly be undertaken unless the laboratory
has at least one counter from every instrument company
in the field. There are more pieces of equipment than
ideas. There is an amazing lack of any sense of re-
sponsibility for the wisest possible use of the funds. I
think this preoccupation with equipment and large opera-
tions unfortunate, not only because of the waste involved,
but because it tends to generate a false conception of re-
search. It involves young men in the task of using instru-
ments to pick up little pieces of information that have
been passed over by more original investigators, en-
courages them to remain in laboratories past the time
when they should have realized that their talents lay

principally in other directions, or denies them the chance
to explore more exciting leads because a longer time might
be needed to obtain publishable results.

IV

This harangue was prompted only by: 1) the hope of
convincing young men that the medical academic ladder
is not as clogged as is the membership of this Soceity,
2) the desire to plea that non-administrative departmental
jobs be organized to preserve the freedom necessary for
active investigative programs, and 3) by the fear that
unwise use of research funds may discourage the proverbial
goose. Lastly, I would like to talk briefly about the meet-

MEMBERSHIP DISTRIBUTION
AMERICAN SOCIETY FOR CLINICAL INVESTIGATION

1954

FIGURE 1

ing place of this Society. The meetings of the American
Society for Clinical Investigation exert a tremendous in-
fluence on young men, and on clinical investigation as a
whole in the United States. Ninety-two men or 34 per
cent of our membership now come from the middle west
or far west (Figure 1). House officers and fellows from
these areas, year after year make the pilgrimage to
Atlantic City at great expense to themselves or to their
department, but only a fraction of them can make the
trip. The time has come, it seems to me, for us to rec-
ognize the "American" in our name, to meet in other sec-
tions of the country as well as here. On purely demo-
cratic grounds there is no right at present to ask that
more than one out of every three meetings be held in a
central location. That, at least, should be done so that
the splendid influence of these sessions can be spread over
a broader section of the country. Men have discussed such
a plan on the Boardwalk for years; councils have debated
it; the time is ripe for one of your presidents to recom-
mend it from here.
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ABSTRACTS

Observations on the Capacity of Serum Alpha Globulin to
Bind Thyroxin in Vitro. EDWIN C. ALBRIGHT, FRANK
G. LARSON and WILLIAM P. DEISS, Madison, Wis.
(Introduced by Ovid 0. Meyer).
Previous studies demonstrated the association of thy-

roxin with a specific serum alpha globulin in vivo. This
specific alpha globulin binding was also demonstrated
in vitro using I' labelled thyroxin.

The thyroxin binding capacity of this protein was
studied in hyperthyroid, euthyroid and hypothyroid sub-
jects. Quantities of I.2 labelled thyroxin were added to
serum to yield concentrations of from .05 to 1.0 micro-
grams/milliliter. The thyroxin serum mixtures were
subjected to paper zone electrophoresis at pH 8.6 (0.1 M
veronal buffer). Following electrophoresis the distribu-
tion of radioactivity was determined.

In all sera the thyroxin appeared in the alpha globulin
zone. At the lowest concentrations used (.05 to .1 micro-
grams/milliliter) only a very small amount of thyroxin
appeared in the albumin. As the concentration of thyroxin
was increased from .1 to 1.0 micrograms/milliliter a
greater proportion of thyroxin appeared in the albumin
as the alpha globulin binding capacity appeared to become
relatively saturated. The concentration of thyroxin re-
quired to produce equal distribution of radioactivity be-
tween the alpha globulin and albumin zones has been used
as a convenient measure of alpha globulin thyroxin bind-
ing capacity. This equilibration was found to occur with
concentrations of .2 to .5 micrograms/milliliter in the
hyperthyroid sera, from .6 to .8 micrograms/milliliter in
the euthyroid and approximately 1 microgram/milliliter
in the hypothyroid. Addition of iodide in vitro in con-
centrations from .001 to 10 micrograms/milliliter did not
affect the thyroxin binding capacity. Administration of
Lugol's solution to the hyperthyroid subjects appeared
to increase thyroxin binding capacity somewhat.

It appears that in vitro thyroxin binding capacity of
serum alpha globulin varies inversely with the state of
thyroid gland activity. This is assumed to indicate that
this protein in hyperthyroid subjects is relatively sat-
urated with endogenous thyroxin, and conversely rela-
tively unsaturated in the hypothyroid.

Water Content of Hyperlipemic Serum. MARGARETJ.
ALBRINK, PAULINE M. HALD and EVELYN B. MAN,
New Haven, Conn. (Introduced by C. N. H. Long).
The displacement of serum water by the lipids of

lactescent serum was forcefully demonstrated in a pa-
tient whose low serum electrolyte values were directly
attributable to the large volume occupied by the insoluble
lipids of his. serum. The patient, an 18 year old boy
with long-standing skin xanthomas, was admitted with
mild diabetic acidosis and markedly lactescent serum.

His serum sodium was 103 mEq./L. and his serum chlo-
ride was 75 mEq./L., values quite out of keeping with the
mildness of his illness. When the insoluble fat was re-
moved from the serum by ultracentrifugation, the sodium
content of the clear subnatant fluid was 135 mEq./L. and
the chloride 100 mEq./L. The serum water determined
gravimetrically was 73 gm./100 ml. serum. The total
fatty acids were 526 mEq./L., and the cholesterol 1219
mg. per cent.

An ensuing study of sodium, water, and lipid content
of several lactescent sera revealed that as lipids increased
there was a growing discrepancy between serum sodium
and sodium recalculated in terms of serum water.

These findings prompted a search for a rapid and simple
method for the estimation of serum water. A preliminary
study indicates that a method involving the measurement
of freezing-point depression of serum before and after ad-
dition of a known amount of dry sodium chloride meets
this requirement. The determinations, requiring 2 ml. of
serum, were accomplished by means of a freezing-point
osmometer calibrated to give the osmolarity of the fluid
analyzed.

Determinations were carried out on 10 different samples
of biologic fluid, including several lactescent sera. The
water content of these samples ranged from 78 per tent
to 99 per cent. The values obtained osmotically agreed
within one per cent with those obtained by the gravi-
metric method.

This method has the advantage of affording a direct
estimation of serum osmolarity.

Elevated SPCA (Convertin) Complex in Pregnancy.
Its Possible Role in Pathogenesis of Thromboem-
bolism. BENJAMIN ALEXANDER,* LILLIAN MEYERS,
ROBERT GOLDSTEIN, VICTOR GuREwICH and LESTER
GRINSPOON, Boston, Mass.
Although abnormal coagulation has been incriminated

as a basic cause of thromboembolism, convincing evidence
is lacking. Recent identification of new clotting factors
raised the possibility that abnormalities in one or more
of these substances might underly the development of
thromboembolic disease. To explore this, the pregnant
state was selected because it constitutes a common, tem-
porary, reversible, relatively physiologic "deviation"
which is frequently complicated by thromboembolism.

In a study of 57 pregnant women the plasma Spca
complex was distinctly elevated, prothrombin less fre-
quently and to a lesser extent. The Spca tended to in-
crease further as term approached, and reverted toward
normal within days after delivery. The average Spca of
the gravid was 189% of normal (Owren method) com-
pared with 82% for the non-pregnant group (41). In
ten patients the Spca values were three to five fold the
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control average; in five additional patients the levels ex-
ceeded the non-pregnant average by more than five fold.
In 24 subjects the average level three to five days post-
partum was 114% contrasted with 150% shortly before
delivery. In two individuals, striking Spca elevations per-
sisted longer.

Prothrombin was less significantly altered. However,
in nine women the prothrombin was between 140-180%
of normal compared with an average level of 98% (range
58-128) in the controls.

The data support the concept of hypercoagulable blood
in pregnancy. The role of Spca in accelerating thrombin
evolution, its activation by thromboplastin, and its ef-
fectiveness in inducing intravascular thrombosis in ani-
mals (Wessler) are known. Excesses of this clotting
factor, together with venous stasis and increased platelet
adhesiveness already demonstrated in pregnancy (H. P.
Wright), provide a delicately balanced stage which could
readily be triggered to induce thrombosis by liberation
into the circulation of thromboplastic material from the
gravid uterus. The latter is known to occur.

Chronic Hypercapnia: A Specific Respiratory Depres-
sant in Chronic Pulmonary Lisease and Other Condi-
tions. JAMESK. ALEXANDER,JOHNA. WOODand JOHN
R. WEST, New York, N. Y. (Introduced by Dickinson
W. Richards, Jr.).
That patients with pulmonary emphysema and chronic

respiratory acidosis have a diminished ventilatory re-
sponse to carbon dioxide inhalation seems well estab-
lished. Possible mechanisms are (1) increased buffer-
ing capacity of the blood associated with (a) elevated
plasma bicarbonate or (b) polycythemia; (2) failure of
the chest bellows to respond normally to the central
nervous stimuli; (3) diminution in the sensitivity of
the nervous regulatory mechanism to the carbon dioxide-
hydrogen ion stimulus as a result of (a) congestive heart
failure, (b) chronic acidosis, (c) chronic anoxemia or
(d) chronic hypercapnia. Each of these possibilities has
been investigated by relating the effective alveolar ventila-
tion to the changes in arterial carbon dioxide tension and
hydrogen ion concentration produced by addition of carbon
dioxide to the inspired air.

Since the ventilatory response in these patients was
reduced relative to the stimulus in terms of the hydrogen
ion concentration as well as the carbon dioxide tension,
increased buffering capacity of the blood did not account
for the results. The diminished ventilatory response
was independent of congestive heart failure and mechani-
cal ventilatory impairment. Further observations on pa-
tients suffering from chronic anoxemia secondary to cy-
anotic congenital heart disease, or chronic metabolic
acidosis associated with uremia, revealed no reduction in
sensitivity to the carbon dioxide-hydrogen ion stimulus
under these conditions. However, patients with chronic
hypercapnia and an increased alkaline reserve associated
with metabolic alkalosis were found to have substantial
reductions in sensitivity to the carbon dioxide-hydrogen
ion stimulus.

It is concluded that chronic hypercapnia per se results
in a diminished sensitivity of the respiratory nervous
regulatory mechanism to the carbon dioxide-hydrogen ion
stimulus.

An Investigation of the Validity of "Insulin-resistance"
in Diabetes Mellitus. Louis K. ALPERT, ALVIN E.
PARRISH and KARL P. KOLB, Washington, D. C. (In-
troduced by Theodore J. Abernethy).
This study was undertaken to determine whether in-

hibition of insulin activity could be demonstrated in dia-
betic subjects.

A constant state of carbohydrate utilization was es-
tablished by a continuous intravenous infusion of 240 mgm.
of glucose per minute. When the blood glucose levels
had stabilized, regular insulin, 5 units per M', was in-
jected intravenously. The rate of fall in blood glucose
(mgm. per 100 cc. per minute) during the subsequent
45 minutes of continued infusion was used as the index of
response to insulin.

49 diabetic and 31 non-diabetic patients were studied.
In the non-diabetics, the mean index was 1.06 (S. D.
+ 0.36), and in the diabetics was 1.51 (S. D. 1.28).
The individual indices in the non-diabetics ranged from
0 to 2.0, with 85% falling between 0.5 and 1.5. In the
diabetics the range was 0 to 6.5, with 48% falling between
0.5 and 1.5, and 35% between 1.5 and 2.5. The values of
the indices were unrelated to the blood sugar levels of
the patients, or to the daily requirements for insulin.

It is concluded that these diabetic patients, with the
method employed, appeared to show an equal or greater
response to insulin than did the non-diabetic individuals.
These observations, if valid, would be compatible with
the concept that a) diabetes mellitus may be due es-
sentially to an endogenous lack of insulin production, and
b) variations in insulin requirements may be associated
with independent gluconeogenetic factors.

Exchange of Cations, Respiratory Gases and Carbohy-
drate by Intact Human Muscle. R. ANDRES, K. L.
ZIERLER,* G. CADER, A. S. GHRAYYIBand J. L. LILIEN-
THAL, JR.,* Baltimore, Md.
As a first step in examining metabolic events in

skeletal muscle in man, serial measurements in six subjects
of respiratory gas exchange and movement of certain
carbohydrates and cations have been made in the human
forearm. Net exchange of metabolites was determined
as the product of arterio-venous concentration difference
and blood flow. The latter was determined by constant
injection of T-1824 into the brachial artery and continu-
ous sampling of venous outflow from a catheter placed
deep in forearm muscles. This method demonstrated
reasonably constant flow under "resting" laboratory con-
ditions and a brisk response to exercise of forearm muscu-
lature.

In some subjects oxygen consumption and carbon
dioxide production and their exchange ratios were rela-
tively steady. In others random minute-to-minute varia-
tions were of extraordinary magnitude and were out of
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phase. For the entire group, oxygen uptake per forearm
ranged from 0.9 to 5.1 ml./min., and carbon dioxide pro-
duction from 0.3 to 6.3 ml./min., with exchange ratios
varying from 0.12 to 2.05.

Traditionally, in vitro studies have indicated that the
major part of oxygen utilized by resting muscle is con-
sumed in oxidation of glucose. Anaerobic degradation of
glucose is accounted for largely by the appearance of
lactate. However, in these studies such a balance was
demonstrated in only a few instances. In the majority of
cases none or little of the oxygen used could be accounted
for by aerobic glucose utilization.

Potassium appeared to leave the forearm in small
quantities during "rest", and the rate of escape was ac-
celerated by exercise. Net exchanges of sodium were
random in direction.

These studies, designed to provide basic data for sub-
sequent assessment of altered muscle metabolism, indicate
remarkable minute-to-minute instability of metabolic ex-
changes in "resting" muscle and suggest that carbohydrate
metabolism does not always account for the major fraction
of oxygen consumed.

A Comparison of Dextran and PVP in Human Volun-
teers. JOHN B. ARMSTRONG,Winnipeg, Canada. (In-
troduced by J. Doupe).
Five hundred or 1000 ml. quantities of 6% British or

Swedish dextran were administered to 12 normal sub-
jects, and of 3.5% polyvinylpyrrolidone to 12. Serum and
urine determinations, together with haematocrit and
plasma protein concentrations were carried out before,
immediately after, and at 24 hour intervals following
infusion.

The serum concentration fell more sharply with Swedish
than with British dextran. PVP showed a more rapid
early decline in serum concentration but was better main-
tained after 24 hours. These changes were reflected in
the urinary excretion. Both dextran and PVP caused a
fall in haematocrit and plasma protein concentration im-
mediately following the infusion, which disappeared as
their blood levels fell.

Seven dextran subjects received a prior venesection,
and showed a haematocrit dilution persisting well beyond
that found with dextran alone. To elucidate, 10 subjects
underwent venesection only. They showed a delayed
dilution of the haematocrit suggesting that the persistent
dilution was due to the early effects of dextran and the
later effects of venesection. The plasma protein dilution
following venesection and dextran was not different from
dextran alone. This may be explained by the observed
rapid disappearance of plasma protein dilution following
venesection only.

Seven subjects received a venesection followed by 500
ml. isotonic saline. The haematocrit and plasma protein
dilution was not significantly different from venesection
only. This indicates a rapid loss of saline from the cir-
culation in contrast to the slower loss of dextran and
PVP.

The discordant shifts of h ematocrit and plasma protein
dilution suggest that neither is a reliable index of plasma
volume changes following haemorrhage.

Adrenal Cortical Activity in Normal Ment on Diets of
Low Sodium Content. B. J. AXELRAD and J. A.
LUETSCHER, JR.,* San Francisco, Calif.
When dietary sodium intake of normal men was re-

duced from 150 to 15 mEq. per day, urine sodium fell
abruptly to low levels by the third day and reached a mini-
mumby the fifth day of the low sodium diet. Insignificant
changes in daily creatinine excretion and in inulin clear-
ance indicated that tubular reabsorption of sodium in-
creased during this period of low sodium intake.

Previous work on edematous patients showed that
chloroform extracts of urine acidified to pH 1.0 contained
high sodium-retaining activity demonstrable by bioassay.
Sodium-retaining activity could be demonstrated in nor-
mal men on unrestricted sodium intake only if the urine
was subjected to prolonged acid hydrolysis, and if large
dosages of extract were assayed. Measured under these
conditions, the normal control output of activity was in-
creased five fold by the third day on low sodium diet, and
remained at this level until normal sodium intake was re-
sumed on the 7th day.

The material responsible for the sodium-retaining ac-
tivity had the chromatographic mobility characteristic of
the sodium-retaining corticoid isolated from the urine of
edematous patients with heart failure or nephrosis and of
"electrocortin" from adrenal cortical extract.

The increased output of sodium-retaining hormone was
not accompanied by any significant change in output of
17-ketosteroids or 17-hydroxycorticoids measured by
Forsham and Island. Diets of low sodium content appear
to stimulate primarily the sodium retaining hormone
produced by the adrenal cortex.

The Use of Monocalcium Disodium Ethylene Diamine
Tetra-acetic Acetate (CAEDTA) in the Treatment of
Adult Lead Intoxication. WILLIAM H. BAKER, Boston,
Mass. (Introduced by Joseph C. Aub).
Recently a new chelating agent, monocalcium disodium

ethylene diamine tetra-acetate (CAEDTA), has been in-
troduced for clinical trial in heavy metal poisoning.

CAEDTAhas a strong affinity for lead and exchanges
its calcium for lead to form a PbEDTA complex which
is then excreted unchanged via the urine. Wehave ad-
ministered this compound intravenously in a dosage of 0.5
gm. per 30 pounds of body weight to six patients with
chronic lead poisoning and to three normal control pa-
tients. All six patients with chronic plumbism prior to
treatment showed increased urinary lead and coproporphy-
rin levels. All patients had anemia with stippling of the
red cells and abnormal fragility tests. CAEDTAwas
administered to each patient on consecutive days for pe-
riods of four to eighteen days. On the first day of ad-
ministration there was a marked increase in urinary lead
excretion and a simultaneous lowering of coproporphy-
rins. On succeeding administrations there was a gradual
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decrease in the amount of lead excreted while urinary
coproporphyrins remained at normal levels. During
the period of therapy all patients exhibited a rise in hemo-
globin, stippling disappeared, and fragility tests returned
to normal. In the three normal control subjects CAEDTA
was administered on only one day with an increase in uri-
nary lead on that day and no change in the coproporphyrin.
Metabolic balance studies of electrolytes were performed
on two patients with chronic lead poisoning. No altera-
tions in metabolic balance occurred during administration
of this compound either in a six or eighteen day study
period.

These studies indicate that CAEDTA is an effective
way of mobilizing deposited lead with simultaneous im-
provement in the patient's condition and no evidence of
toxicity.

Urinary Concentrating Process during Antidiuresis in
Renal Disease. DAVID S. BALDWIN, HAROLDJ. BER-
MAN, and HENRYO. HEINEMANN, New York, N. Y.
(Introduced by Herbert Chasis).
Fixation of urinary specific gravity in renal disease is

generally assigned to loss of renal tubular concentrating
ability. In this study the urinary concentrating process
has been examined by the cryoscopic method, and a
tubular mechanism for the production of a hypertonic
urine has been shown to persist in the course of various
renal diseases.

Observations of glomerular filtration rate (GFR) and
osmolarity of plasma and urine were made in the hy-
dropenic state in 20 patients during Pitressin administra-
tion and with osmotic diuresis induced by mannitol. The
quantity of water abstracted from the isosmotic glomeru-
lar filtrate in the formation of osmotically concentrated
urine was calculated as the difference between the os-
molar clearance and the urine flow and designed as THO.

In each case a relatively constant T'20 was attained,
ranging in these patients from 0.8 to 8.2 ml. per min.,
while the range of GFRwas from 12 to 96 ml. per min.
In general, there were proportionate reductions in TH,o
and GFR with an average T'HO/GFR ratio of 0.056 as
compared to the normal ratio of 0.051 ± 0.015. How-
ever, in 2 patients recovering from acute renal failure
there was a disproportionate impairment of T' 0 as
manifested by T'2 /GFR ratios of 0.017 and 0.008, while
in 2 acute nephritics the ratios were 0.086 and 0.072.

Lack of correlation between urinary osmolar concen-
tration and urine specific gravity as determined by the
urinometer was demonstrated repeatedly. In no case did
urine osmolarity fail to exceed plasma osmolarity, even in
the presence of "fixed" specific gravity.

It is concluded that a maximal tubular reabsorptive rate
for free water in the formation of a hypertonic urine is
demonstrable in renal disease. With few exceptions this
process deteriorates in proportion to the diminution of
glomerular filtration, suggesting loss of functioning units
rather than specific tubular dysfunction.

Radioactive Iodine for Chronic Lung Disease. BERNARD
A. BERCU and HARVEY N. MANDELL, St. Louis, Mo.
(Introduced by Robert J. Glaser).
The present treatment for chronic pulmonary insuf-

ficiency is usually disappointing and frequently of only
temporary benefit. Since one fundamental defect in
chronic lung disease is a deficiency in the supply of oxygen
to the body, it was thought worthwhile to determine the
effect of lowering the basal requirements of the tissues
for oxygen by making patients with chronic lung dis-
ease relatively hypothyroid.

Ten patients with pulmonary emphysema and/or fibrosis
were selected. These patients had been treated repeatedly
by the usual methods and were still markedly incapaci-
tated either at rest or upon slight exertion. Since antithy-
roid treatment could not be expected to alter the funda-
mental pulmonary lesion, objective changes in lung func-
tion were not anticipated. In evaluating the effect of
therapy, reliance was therefore placed upon standard
exercise tolerance tests and upon subjective changes.
Patients were considered significantly improved if they
were able to perform activities which previously were in-
tolerable because of dyspnea. Those who did not give
evidence of increased exercise tolerance, even though they
were improved subjectively, were considered as only
questionably improved.

Of the ten patients treated, three were initially made
hypothyroid with Tapazole. The other seven were given
I on one or more occasions. All patients were euthyroid
prior to therapy. Seven patients were found to be sig-
nificantly improved, one was questionably benefitted, and
two were unchanged. In two patients severe dyspnea
developed after the Tapazole was discontinued in prep-
aration for the use of I'l. This dyspnea again disappeared
in one patient after establishment of hypothyroidism.
The other patient expired during the interval.

Influence of Age and Size of Bacterial Population on the
Rapid Bactericidal Action of Penicillin. CARL BERNT-
SEN, New York, N. Y. (Introduced by Ralph Tomp-
sett).

Relapse of infections caused by penicillin susceptible
bacteria following penicillin therapy is an apparent incon-
sistency with its rapid bactericidal action on these same
bacteria in vitro. The commonest explanation of this
seeming paradox has been based on the intervention of
an inflammatory lesion, with presumed failure of its
penetration by metabolites or drug. These hypotheses
have little experimental support.

In preliminary studies it was found that the total popu-
lation of bacteria in lesions of experimental animals and
man were higher than those customarily tested in titro.
Moreover, it appeared that the ages of individual mem-
bers in such populations varied considerably. Accordingly,
an investigation was made' of the influence of age and size
of bacterial populations on the bactericidal action of
penicillin

The test microorganism employed was a highly peni-
cillin susceptible strain of Group A Streptococcus hemo-
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lyticus. Observations were made on young and old bac-
terial populations in both small and large inocula during
prolonged exposure to penicillin in vitro and in the thigh
muscles of mice.

The evidence obtained supports the hypothesis that the
rapid bactericidal action usually ascribed to penicillin is a
phenomenon customarily associated with small numbers
of young bacteria tested in circumstances favorable to
rapid growth. With increasing age of the population ir-
respective of the presence or absence of an inflammatory
lesion, the rapid bactericidal action of penicillin was con-
spicuously diminished. No evidence was obtained that the
presence of a lesion materially altered the phenomenon
of the relative penicillin insusceptibility of bacterial popu-
lations exceeding twelve hours in age. Increases in size
of bacterial populations of constant age did not change
penicillin susceptibility.

It appears therefore that the rapid bactericidal action of
penicillin is an unnatural phenomenon which depends
upon conditions of infection not to be anticipated in human
infections.

The Behavior of the Formed Elements of the Blood Dur-
ing Leukocyte Infusion and Cross-Transfusion in Man.
HOWARDR. BIERMAN,* KEITH H. KELLY, RALPH L.
BYRON, JR., and FAUNOL. CoRDEs, Duarte, Calif.
By temporarily depleting the circulation of leukocytes

to a stable level, the return of the leukocytes into the
circulation might afford an estimate of leukocyte produc-
tion and delivery. Exploratory studies to determine the
feasibility of various methods for leukocyte depletion
were undertaken. Arterial cross-circulation and replace-
ment transfusion were employed to determine the rate of
disappearance, removal and delivery of leukocytes in man.
Eleven cross-transfusions in nineteen patients with vari-
ous neoplastic diseases, including the leukemias, were
completed. Determinations of the total and differential
leukocyte counts during the cross-transfusion and im-
mediately thereafter demonstrated the disappearance and
return of the various forms of leukocytes in the periph-
eral blood in both the donor and recipient. Serial bone
marrow aspirations afforded additional information.

The pulmonary circulation in non-leukemic man was
shown to be capable of removing large numbers of in-
fused leukocytes. The erythrocyte, hemoglobin, and
hematocrit determinations followed the simple laws of
mixing. In general, an increase in platelet number was
observed in both recipient and donor. The highest rate of
leukocyte delivery and production was 59.6 million per
minute and occurred in a patient with metastatic melano-
sarcoma. The lowest rate of leukocyte delivery and pro-
duction was 1.3 million per minute in a child with
lymphocytic leukemia.

In the cross-transfusion between two leukemic par-
ticipants the leukocytes circulated freely in both patients.
The disappearance rate of the various cell types after
the cross-circulation could be described by the relation-
ship; N= ce-at + b. The intravascular life span of
the polymorphonuclear leukocyte in this study was esti-

mated at 96 hours and that of the lymphocyte at 56 hours
under the conditions of the study. The remaining types
of immature granulocytes had intravascular life spans
between 56 and 96 hours.

The clinical and other hematological findings will be
presented.

Supported in part by National Cancer Institute, U. S.
Public Health Service.

Comparative Effectiveness of Daily Doses of l-Triiodo-
thyronine or I-Thyroxine in the Control of Myxedema.
CHARLES M. BLACKBURNand F. RAYMONDKEATING,
JR.,* Rochester, Minn.
Daily oral doses of l-triiodothyronine and 1-thyroxine

were compared on the basis of ability to maintain a
euthyroid state and a normal metabolic rate over an ex-
tended period of time in patients who had myxedema.
Among 10 such patients, maintenance doses of l-triiodo-
thyronine were found to vary from 52 to 105 micrograms.

Among 4 such patients, daily maintenance doses of
1-thyroxine were found to vary from 175 to 400 micro-
grams. Compared in this way, l-triiodothyronine appeared
to be about three to four times more potent than
1-thyroxine.

On the same basis, the oral versus the intravenous ad-
ministration of l-triiodothyronine was compared among 5
patients and the oral administration versus the intravenous
administration of 1-thyroxine was compared among 3
patients. The agent, 1-triiodothyronine, appeared to be
slightly more effective when used intravenously than when
used orally, whereas 1-thyroxine was approximately twice
as effective when used intravenously as when used orally.
For example, 125 micrograms of 1-thyroxine given intra-
venously daily maintained a patient at the same metabolic
level as that produced by 250 micrograms daily given
orally. The intravenous administration of 1-triiodothyro-
nine appeared two to three times as effective as the intra-
venous administration of 1-thyroxine.

Observations on Impaired Intrapulmonary Gas Mixing.
EMIL BLAIR, Durham, N. C. (Introduced by Albert
Heyman).
Uneven mixing of gas within the lung is common in

pulmonary disease. A means of measuring and express-
ing this defect would be useful in estimating the severity
of disease and the changes induced by therapy. The con-
cept that an unequally ventilated lung functions as a
number of smaller compartments, each evenly ventilated
at its own rate, provides an approach to this measure-
ment. This report presents a new method for measuring
intrapulmonary mixing based on this concept. Pathologic
abnormalities in mixing are described, and the influence
of therapy demonstrated.

After breathing a 50% helium-50% oxygen mixture
for 15 minutes, the subject is switched to oxygen, and the
expired air is continuously analyzed for helium by
katharometer. From the helium washout curve, which
reflects intrapulmonary mixing, and from the minute vol-
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ume of ventilation, it is possible to calculate size and ven-
tilation rate of the most poorly aerated lung compart-
ments. The functional residual capacity (FRC) can be
calculated from the total helium excretion.

By this method about one-half of normal subjects show
relatively slow ventilation in a lung compartment com-
prising 10-50% of the FRC. Intravenous aminophyllin
usually clears this impairment almost completely in nor-
mal subjects. Patients with emphysema show gross mix-
ing defects, to the extent that two-thirds of the FRCmay
receive only a tenth of the ventilation volume. In ten
patients with asthma, or asthma and emphysema, amino-
phyllin produced marked improvement in ventilation of
"slow spaces" and decrease in FRC. In ten cases of em-
physema without evident bronchospasm aminophyllin
often had the paradoxical and unexpected effect of increas-
ing the size of the worst ventilated space and enlarging
the FRC.

The method appears useful in quantitating impairment
of intrapulmonary mixing and in following changes re-
sulting from progress of disease or from therapy. It
also provides further insight into the mechanisms of pul-
monary dysfunction.

The Effect of Oral Feedings on Splanchnic Blood Flow
and Oxygen Consumption in Normals and in Subjects
uith Hepatic Cirrhosis. J. LEONARDBRANDT, LEONARD
CASTLEMAN, JACK GREENWALDand J. J. KusY, JR.,
Brooklyn, N. Y. (Introduced by William Dock).
The hemodynamic and metabolic effects of oral protein

in seven normal and five patients with Laennec's cirrhosis
were determined utilizing the hepatic vein catheterization-
BSP clearance technique. Similar studies were made in
three normal and two cirrhotics following oral glucose.

For the group fed a protein meal (250 grams homog-
enized lean beef), fasting estimated splanchnic,blood flow
(ESBF) averaged 1160 cc/min/m' in normals, and 795
cc/min/m' in cirrhotics. Fasting splanchnic consumption
of oxygen (SOC) averaged 45.8 cc/min/m' in normals
and 43.9 cc/min/m' in cirrhotics. The similarity in fasting
SOC between the two groups is accounted for by an
arterial-hepatic vein (A-HV) oxygen difference of 4.2
vol.% in normals and 5.2 vol.% in cirrhotics. Dur-
ing 120 minutes of observation post prandially, average
maximal increase in ESBF over controls was 33%
in normals and 27% in cirrhotics; average maximal
increase in SOC was 55% in normals and 14% in
cirrhotics. During the first hour post prandial, average
A-HV oxygen difference rose 0.5 vol.% above con-
trols in normals, and fell 0.5 vol.% below controls in
cirrhotics. During the second hour, average A-HV
oxygen difference was 0.6 vol.% above controls in nor-
mals, and 0.3 vol.% above controls in cirrhotics.

In three normal subjects and two cirrhotics fed a glucose
meal (100 grams glucose) there was a consistent fall
below fasting levels for both ESBF and SOC of ap-
proximately 10% in both measurements. In no instance
did either measurement show an increase after oral glu-
cose feeding.

Thus, quantitative but not qualitative differences in the
rises of ESBFand SOCwere determined in both normals
and cirrhotics following an oral protein feeding. Fol-
lowing a glucose feeding consistent falls in ESBF and
SOCwere demonstrated. The possible clinical implica-
tions of these observations will be discussed.

Blood Volume in Congestive Heart Failure Studied by
Cr'1, CO, and T-1824 Methods. ELLEN BROWN,JAMES
HoPPER, JR, NORMANNOMOF, REIDAR WENNESLAND
and KENNETHG. ScoTr, San Francisco, Calif. (Intro-
duced by P. H. Forsham).
Three methods were used to estimate blood volume in 25

patients with severe congestive failure, none with primary
pulmonary disease: two RBC-tagging methods (CO with
20-minute sampling and Cr' with serial sampling), and
the 10-minute T-1824 method. The 3 methods were ap-
plied simultaneously in 10 experiments. Whole blood
volume (VWB), in ml/Kg, was 20% or more above
mean predicted normal for the method in 9 of 13 patients
studied with Cr5, and in 15 of 20 studied with CO. RBC
volume (VRBC) was also increased more than 20%
above predicted in the majority of experiments with cell-
tagging methods. With Cr'1, VWBranged between + 8
and + 64%, and VRBC between zero and + 50% of
normal. The apparent T-1824 space was between zero
and + 62% of predicted, and VWBby dye and hematocrit
between zero and + 44%. However, analysis of the
mixing curves of Cr'1 which were obtained simul-
taneously showed that mixing had been incomplete at
10 minutes in several experiments, so that larger T-1824
spaces would have been found if sampling had oc-
curred later. For the 6 experiments where mixing was
complete at 10 minutes, body hematocrit was calculated as

Cr'1 space X hematocrit Hematocrits were
Cr' space X hemat. + T-1824 space
corrected for plasma trapping using Chaplin's data (Blood,
Vol. 7, p. 1227, 1952). Body hematocrit was normal or
high (89.2 to 99.2% of venous hematocrit) in 5 instances;
it was as low as 82.4% only once. Nine patients were
followed by serial measurements (2 with Cr'; 7 with
CO). Coincident with clinical improvement, VWBfell
ly 470 to 1920 ml in 8 cases, and VRBCdecreased by 180
to 600 ml in 7. It is concluded that VWBand VRBC
frequently are increased in congestive failure, and de-
crease with improvement. The* relationship between
"body" and venous hematocrits probably does not in-
validate use of cell-tagging methods for blood volume
estimation in this condition.

Corticosteroid Metabolism in Liver Disease. HAROLD
BROWNand LEO T. SAMUELS, Salt Lake City, Utah.
(Introduced by B. V. Jager).
The development of techniques for the measurement of

the 17-hydroxycorticosteroid levels in plasma and urine
has made possible a study of the metabolism of these
compounds in normal subjects and in patients with liver
disease.
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Plasma levels of 17-hydroxycorticosteroids were normal
in the patients with liver disease. After a standard in-
fusion of hydrocortisone in twelve patients with liver
disease and in eleven normal subjects, the 17-hydroxycorti-
costeroids disappeared from the plasma in a logarithmic
fashion, at a rate which was proportional to the functional
capacity of the liver as measured by the degree of BSP
retention. In patients with hepatitis, serial studies demon-
strated an increased rate of 17-hydroxycorticosteroid re-
moval as the liver function improved.

As compared with hydrocortisone, tetrahydrocortisone,
which has been shown to be the major 17-hydroxycorti-
costeroid excreted in the urine, disappeared from the
plasma at a much more rapid rate which was independent
of liver function.

The rise in the plasma 17-hydroxycorticosteroid levels
in response to ACTH stimulation in the patients with
liver disease was within normal limits.

The daily urinary excretion of 17-hydroxycorticosteroids
of the patients with liver disease was 3.5 + 0.4 mg. as com-
pared with 5.5 ± 1.2 mg. for the normal group. These
results differ from those of other workers who used less
specific methods for the measurement of adrenalcortical
steroids.

These data indicate that the removal of 17-hydroxycorti-
costeroids from the plasma is dependent upon the func-
tional state of the liver. Hence the plasma level of these
steroids depends at least in part on the functional state
of the liver as well as the rate of adrenalcortical secre-
tion.

The Determination of Pressure Gradients in the Vascular
System of Man. ROBERTA. BRUCE,* CURTA. WIEDER-
HIELM, JAMES J. PAMPUSHand HENRYJ. KowALsxI,
Seattle, Wash.
Recording of instantaneous pressure gradients between

any two points in the vascular system previously used in
animal studies has been simplified and applied to humans
during cardiac catheterization.

Direct pressures from two sites, the instantaneous dif-
ference between these sites and the electrocardiogram can
be simultaneously recorded on a Sanborn Poly-viso. A
double lumen catheter, whose orifices are 10 cm. apart, is
used with Statham strain gages. Instantaneous pressure
differences are derived by electrical subtraction of one
impulse from the other and inscribed directly as a gradient
in mm. Hg. Electrical calibration can be done repeatedly.
Gradients of 0.5 mm. Hg are readily determined. Limiting
factors appear to be the physical properties of the catheters
insofar as they contribute to resonance and damping by
their distensibility characteristics.

The pressure gradient between inferior vena cava and
right auricle may reverse during each heart cycle. Flow
here. may be discontinuous or phasic.

Pressure gradients across tricuspid and pulmonic valves
and through intracardiac defects can be obtained. Pre-
mature ventricular systoles markedly alter the gradient
between right ventricle and right auricle and indicate in-

complete closure of the valve during the abnormal
contraction.

Respiratory variations induced by breathing, coughing,
and the Muller and Valsalva maneuvers affect pulmonary
arterial and "capillary" pressures, but have little effect
on the gradient within the pulmonary artery. Since ar-
terial-"capillary" gradients may be altered by changes in
intrathoracic pressure, pulsatile flow through the capil-
lary bed is modified by respiration. The effects of mitral
valve disease on PA-PC pressure gradients can be
observed.

It is concluded from these preliminary observations
that simultaneous differential pressure measurements dur-
ing cardiac catheterization are simple, reliable and valu-
able adjuncts to the studies usually made. The technique
is applicable to the instantaneous differentiation of any
phenomena that can be recorded electrically with this
equipment.

Synergistic Effect of Polymyxin B and Oxytetracycline or
Tetracycline Upon Growth of Pseudomonas Aeruginosa.
PAUL BUNN,* LEONARDCANARILE and WINIFRED OS-
BORNE, Syracuse, N. Y.
Forty-three strains of Pseudomonas aeruginosa derived

from human infections were tested for sensitivity to eight
antimicrobial agents. Maximal inhibiting concentrations
were determined by the serial dilution technic, using a
10' dilution of organism as the inoculum. All strains
were resistant to more than 6.0 micrograms per ml. of
penicillin, streptomycin, chlortetracycline, tetracycline,
oxytetracycline, chloramphenicol and bacitracin but were
sensitive to less than 3.5 micrograms polymyxin B per ml.
The maximal inhibiting concentration of polymyxin B
failed to control growth of all strains after four hours
when an undiluted culture was used as the inoculum.

Complete inhibition of growth of the undiluted culture
of pseudomonas was achieved for more than eight hours
when either one-quarter the sensitivity level of polymyxin
was combined with the maximal inhibiting concentration
of oxytetracycline or tetracycline, or when one-half of
those concentrations was employed. This effect was uni-
formly greater than that observed with double the maxi-
mal inhibiting levels of the three agents singly, both in
duration of effect and in number of bacteria killed.

This synergistic effect upon inhibition of growth of
Pseudomonas aeruginosa could not be demonstrated with
four other combinations of antimicrobial agents.

Sterilization of the urine of four humans with chronic
Pseudomonas aeruginosa urinary trace infections was ac-
complished with a dosage regimen of 25 milligrams poly-
myxin B once daily parenterally combined with 2 grams
orally of either tetracycline or oxytetracycline. In a fifth
case a few colonies of pseudomonas persisted in the urine
after seven days but their ability to produce green pigment
was lost. Toxicity to this regimen was not observed and
no strain of Pseudomonas aeruginosa became resistant to
the three agents during the period of study.
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The Tissue Utilization of Endogenous Thyroid Hormone
in Human Subjects. BELTON A. BuRRows, THEODORE
PETERSand JOSEPH F. Ross,* Boston, Mass.
We have estimated the peripheral utilization of endo-

genously produced thyroid hormone in human subjects
from the amounts of iodide being released from the
catabolized hormone. The values depend on the size
of the extrathyroidal iodide pool, and the rate at which
it is being turned over.

Such studies are possible if added iodide equilibrates
rapidly with the iodide pool in comparison to the turn-
over rate. In five myxedematous patients, in whom
equilibration might be slow, the radioiodide spaces one
hour after an intravenous tracer dose of I-131 averaged
1.5 times the simultaneously determined radiosulfate
spaces, taken as an index of extracellular fluid volume,
and approached maximum values. This indicates rapid
equilibration of iodide returning from the tissues with the
iodide pool.

The turnover rate of the iodide pool was indicated
by the rate of decrease of its specific activity (I-131/I-127),
due to the release of I-127 from catabolized thyroid hor-
mone in the tissues. It averaged 22.4 percent per hour in
the normal subjects as compared with 37.9 percent per
hour in the hyperthyroid individuals. The iodide pool
was virtually constant in individual patients during the
period of study, averaging 48 micrograms of I-127 in the
normal group. The average value for the hyperthyroid
group was considerably higher, 295 micrograms of I-127,
due mainly to an increased serum concentration of inor-
ganic I-127.

The estimated amounts of hormonal iodide released from
the tissues in the normal group (8.5 micrograms per hour)
would be equivalent to the daily utilization of 300 micro-
grams of levo-thyroxine. In the hyperthyroid group the
average peripheral iodide release was ten times greater
(73.4 micrograms per hour), which would be sufficient to
account for the observed hypermetabolism of hyper-
thyroidism.

Ferrokinetics in Anemia of Infection. J. A. BUSH and
G. E. CARTWRIGHT,* Salt Lake City, Utah.
Ferrokinetic studies of (Fe') have been made in five

patients with anemia associated with chronic infection and
in seven normal subjects. Ten to 20izc of Fe' containing
less than 6 ig of total iron were incubated with the indi-
vidual's own plasma, and the labelled plasma was injected
intravenously. Blood volumes were determined by means
of I'-labelled human serum albumin.

In none of the patients was clinical jaundice present,
and there was no detectable increase in urobilinogen ex-
cretion in the stools. The mean volume of packed red
cells in these patients was 37 ml./100 ml., the plasma iron
38 &g per cent, and the reticulocytes 1.4 per cent.

In the patients with infection the half-time of plasma
Fe' disappearance was 0.50 hours; the plasma iron turn-
over rate was 0.64 mg./kg./24 hours; the red blood cell
iron turnover rate was 0.62 mg./kg./24 hours; the red

cell iron renewal rate was 1.9 per cent/24 hours. In the
normal subjects the half-time of plasma Fern disappear-
ance was 1.43 hours; plasma iron turnover rate, 0.52
mg./kg./24 hours; red cell iron turnover rate, 0.48 mg./
kg./24 hours; red cell iron renewal rate, 1.2 per cent/24
hours.

Incorporation of radio iron into the erythrocytes oc-
curred somewhat more rapidly in the patients with infec-
tion as compared with the normal individuals. The per
cent of the administered dose which ultimately appeared
in the erythrocytes was the same in each group.

The above data suggest that the erythrocyte survival
time of patients with chronic infections is slightly short-
ened (60 per cent of the normal), and that erythrocyte
production although slightly increased above the normal
(approximately 1.3 times) is not increased sufficiently to
prevent the development of a mild degree of anemia.
When consideration is given to the fact that a normal
marrow is capable of increasing its production rate 6 to
8 fold, it is apparent that there is a marked inhibition
of erythropoiesis in such patients.

A Study of the Electrical Activity of Intact and Par-
tially Mobilized Human Ureters. HARVEYR. BUTCHER,
JR. and WILLIAM SLEATOR, JR., St. Louis, Mo. (In-
troduced by Carl A. Moyer).
Little is known regarding the part played by abnormali-

ties of ureteral activity in the genesis of ills of the upper
urogenital tract. Acute hydroureter and hydronephrosis
have become increasingly important medical problems as
uretero-intestinal anastomosis has become one of the com-
mon surgical procedures.

A method of intraureteral electroureterography has
been developed in order to investigate the effect of an
uretero-intestinal anastomosis upon the activity of the
ureter. The method entails bipolar recording of ureteral
peristaltic action potentials from intraluminal electrodes.
After performing extensive preliminary investigations
upon the anesthetized dog, the method was applied to the
study of ureteral activity in man before and after surgical
manipulation of the ureter.

The investigation of normal human ureteral activity
has led to a number of new observations:

(1) The shape of the recorded ureteral peristaltic action
potential in man is similar to that of the dog. Control
experiments indicate -that the voltage-time contour re-
corded by this method represents actual changes in ureteral
smooth muscle membrane potential. There is a "shoulder"
during electrical recovery similar to that of action po-
tentials recorded intracellularly from cardiac muscle.

(2) A large slow voltage change accompanies the
passage of urine by the electrodes.

(3) Variations in the velocity of peristaltic waves cor-
relate with changes in the shape of the recorded action
potentials and with changes in the length of the inter-
peristaltic wave interval.

The disturbance in ureteral function attending uretero-
intestinal anastomosis is a failure of propagation of the
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peristaltic wave through surgically disturbed segments
of the ureter. Maximum duration of this disturbance in
conduction is as yet unknown; however, it lasts at least
the two to three days the electrode assembly has been left
in the ureter postoperatively. Frequency and velocity
of propagation of ureteral peristalsis in the undisturbed
section of the ureter were unaltered by uretero-intestinal
anastomosis.

Effect of Maintenance Cortisone Therapy on the Meta-
bolic Response to Surgery. EvAN CALKINS and DONALD
M. MITCHELL, Boston, Mass. (Introduced by Walter
Bauer).
Requirements for the normal response to surgery are

not entirely understood. An opportunity for study was
provided by the successive development of bilateral in-
guinal herniae in a patient with rheumatoid arthritis main-
tained on 75-100 mg. oral cortisone. On two occasions,
under general and local anesthesia, respectively, he under-
went herniorrhaphy while on the metabolic ward. Corti-
sone dosage was unchanged throughout each experiment.
Diet was unchanged except that he was unable to eat on
the day of ether anesthesia. The metabolic response was
compared with that caused by subsequent sudden increase
in cortisone to 250 mg. per day, and with balances which
had been obtained on this patient prior to and immediately
following initiation of cortisone therapy two years
previously.

Data showed that surgery was followed by negligible
change in nitrogen, potassium, calcium, and phosphorus
balances and in creatine excretion. There was, however,
striking sodium retention. A similar metabolic pattern
accompanied onset of steroid therapy and sudden increase
in dosage. The first operation was followed by a sudden
fall in 17-ketosteroid excretion from 11 to 4.6 mg. and in
formaldehydogenic steroid excretion from 36 to 16 mg. per
day. Similar determinations were performed at the time
of the second operation.

These results indicate that this patient (presumably
because of his depletion) reacts to the stress of surgery
and to increase in cortisone primarily with sodium re-
tention, rather than with an acute catabolic response as
seen in normal individuals. The fact that he displayed
this characteristic response following surgery, despite
suppression of adrenal cortical activation by constant
cortisone administration, suggests that the response may,
in this instance, reflect altered metabolism or increased
"utilization" of steroids.

A Study of the Nature of the Peripheral Resistance in
Patients with Hypertension. FRANcIs S. CALIVA, JAY
F. HAmsand RIcHAnn H. LyoNs,* Syracuse, N. Y.
This study was undertaken to determine if the vascular

bed of the toe participates in the increased resistance in
hypertension and if the nature of this resistance differs in
the various stages and types of hypertension.

Patients were of four clinical types. The first group
was made up of 18 normal patients; group two, of 11 hy-
pertensive patients without eyeground changes or evi-
dence of renal disease; group three, of 7 patients with

hypertension and moderate retinopathy and renal disease;
and group four, of 7 patients with marked retinopathy
and/or azotemia. In none was there evidence of cardiac
failure or peripheral vascular disease. Studies were carried
out in a constant temperature room with the patient in the
supine position. Peripheral resistances were calculated
by dividing the mean blood pressure by the blood flow.
Blood flows to the toe were determined plethysmographi-
cally before and after posterior tibial block.

It was found that in the resting state the peripheral re-
sistances of each of the hypertensive groups was higher
than that of the normotensives. After the abolition of
local neurogenic tone, resistances of the hypertensive
patients fell into three groups which correlated well with
the clinical disease. The mean peripheral resistance in
the normotensives after block was 7.5 units. In the hy-
pertensive patients, group two (see above) had an average
peripheral resistance of 7.2 units, group three of 12.2
units, and group four of 20.4 units.

It is suggested that the increased peripheral resistance in
hypertension includes the vascular bed of the toe. This
increased resistance in individuals without renal disease
apparently is mainly on a neurogenic basis since it can be
reduced to normal levels following a local sympathetic
block. In patients with renal disease, other mechanisms
must be operative.

Evidence Concerning the Relationship of the Amygdaloid
Nuclear Region to the Regulation of the Circulation and
Emotion in Man. WILLIAM P. CHAPMAN,* HEINZ R.
SCHROEDER, GEORG GEYER, MARY A. B. BRAzIzR,
CHARLESFAGER, JAMES L. POPPEN, HARRYC. SOLOMON
and PAUL I. YAKOVLEV, Boston, Mass.
The effects of electrical stimulation of the amygdaloid

nuclear region in the temporal lobe on the continuous re-
cording of blood pressure and heart rate and on feeling
states and motor behavior have been determined in four
awake epileptic patients in whom this area was afterwards
coagulated for therapeutic reasons. The patients were
selected by a group of psychiatrists for psychosurgery for
the treatment of psychomotor seizures or unmanageable
assaultive behavior. A four-needle electrode, implanted in
the amygdaloid area under stereotaxic control, made pos-
sible observations over several days as well as the localized
coagulation procedure.

In one patient, no consistent responses were obtained.
In three patients, electrical stimulation with 20-0 cycles
per second, 1 millisecond pulse duration and 8-14 volts
produced a 20-100% increase in heart rate. In two
patients, stimulation with the same electrical character-
istics, except for 12-17 volts, caused a 50-83 mm. Hg
rise in systolic and 33-60 mm. Hg rise in diastolic blood
pressure. The elevations in heart rate and blood pressure
could be produced independently of changes in emotional
expressions, but were more marked when obtained in as-
sociation with feelings of anxiety and fear and somatic
responses regarded as appropriate for such subjective
changes. Bilateral pupillary dilation was a frequent ac-
companiment of the circulatory responses. The char-
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acter of the circulatory effects suggested that some re-
sponses were mediated by direct nervous pathways and
others, possibly by the liberation of a humoral substance.

So far as we are aware, these findings establish for the
first time that electrical stimulation of the amygdaloid
nuclear region can cause marked elevations of systolic
and diastolic blood pressure with or without accompanying
feelings of anxiety and fear and somatic motor responses.
Comparable heart rate and pupillary effects have been
previously reported in animals and certain emotional
changes in man, by others.

A Comparison of the Cholesterol "Balance" and Nitrogen
Absorption from the Human Small Intestine by an
Inert Indicator Method. SAMUELH. CHENGand MAL-
COLMM. STANLEY,* Boston, Mass.
A standard diet (C-250, F-103, P-116, Cholesterol-I

gram) mixed uniformly with a known amount of chromic
sesquioxide (Cr2O.), a chemically inert and completely
non-absorbable indicator, was fed to all subjects. In six
patients intestinal contents were withdrawn via a tube
previously introduced under fluoroscopic guidance. Ter-
minal ileostomy discharges were collected from a sev-
enth. The concentrations of Cr,O0, nitrogen, total and free
cholesterol were determined in the dried food and samples
of intestinal contents. The cholesterol "balance" and
nitrogen absorption were calculated from the changes in
the cholesterol/Cr,O0 and N/Cr2Q, ratios.

There were negative cholesterol "balances" with simul-
taneous absorption of nitrogen in three subjects from
whomspecimens of terminal ileum contents were obtained.
In the subject with an ileostomy there was, during a two-
day period, with 70% nitrogen absorption, a daily net
loss of 163 mg. cholesterol in excess of that ingested.
Net losses of 122 mg. and 258 mg. cholesterol per day oc-
curred in two others whose nitrogen absorption averaged
40-50%.

In specimens obtained from upper small intestine (4
subjects) the cholesterol/Cr,O, ratios approached twice
those of food and reflected the large endogenous cholesterol
secretion. Cholesterol absorption in this area was thus
obscured. Nitrogen absorption was 25% or less.

The cholesterol in specimens of contents of the in-
testine included both the unabsorbed cholesterol from the
food and from that secreted in the bile and by the intestine.
The cholesterol "balance" represented the sum of the en-
dogenous and exogenous cholesterol minus that which had
been absorbed. Since the amount of endogenous choles-
terol secreted could not be accurately calculated from our
data, the absolute amount of cholesterol absorbed from
the intestine could not be determined.

Comparative Effects of Fructose and Glucose on the Fate
of Infused Amino Acids and Peptides. HALVOR N.
CHRISTENSEN, PATRICIA BRYAN WiLBER, BARBARAA.
COYNEand HERBERTFISHER, Boston, Mass. (Intro-
duced by Joseph M. Hayman).
The fate of infused amino acids, whether anabolic or

catabolic, is known to be largely influenced by the simul-

taneous availability of appropriate calorie sources. El-
man et al. recently reported that more positive nitrogen
balances were obtained in surgical patients when fructose
rather than glucose was included in an intravenously in-
jected protein hydrolysate. This they attributed to the
well-known rapidity of the removal of fructose from the
circulation. Elman also reported lower plasma amino
acid levels during the course of the fructose-containing
infusions.

Wehave investigated the influence of the type of sugar
present on the distribution and fate of amino acids and
peptides infused intravenously into convalescent surgical
patients and normal volunteers. In the case of a fibrin
hydrolysate ("Aminosol," Abbott Laboratories, Inc.) the
urinary spillage of peptides was diminished from about
30% to about 13% when 10% fructose replaced 5 or 10%
glucose. The wastage of free amino acids was also sub-
stantially decreased. These effects were shown to be
independent of any diuretic action of the glucose solution.

In contrast to Elman's report of lower plasma amino
acid levels, in our hands fructose led to slightly higher
levels in 8 comparisons in 5 subjects. His use of a modi-
fied Folin colorimetric method (strongly criticized by
Chinard and Van Slyke) and our use of the manometric
ninhydrin method might conceivably explain this difference.

Stronger uptake of amino acids by the cells would not
necessarily favor their anabolic utilization, considering that
a large part of that uptake is hepatic. An inhibition of
deamination and urea formation in the presence of abun-
dant carbohydrate may instead be the factor operating to
swing the balance to the anabolic side. In that case
higher, rather than lower, amino acid levels would be pro-
duced in the presence of a more adequate source of energy.

The Production of Experimental Meningitis in the Rhesus
Monkey. KENNETHL. CLARK, LOUIS P. JERVEY and
PARx BIEHL, Cincinnati, 0. (Introduced by Morton
Hamburger).
In order to test the effect of the enzymes streptokinase

and streptodornase in the liquefaction of exudate in the
subarachnoid space, attempts were made to produce an
experimental meningitis in rhesus monkeys. The end-
point was to be an infection in which abundant exudate
would be laid down but wherein the animals would live
long enough so that the effect of enzymes could be studied.

Inoculations of various bacteria suspended in gelatin-
Locke's solution were made into the cisternal subarachnoid
space of anesthetized animals. Approximately daily
cisternal taps were performed. Some of the animals were
sacrificed at varying periods after infection; others died.
Strains of E. coli, H. influenzae and Pseudomonas
aeruginosa, from the spinal fluid of human cases of
meningitis, Pneumococcus I, from the blood stream of a
patient, Streptococcus viridans, from the blood stream of
a case of subacute bacterial endocarditis, and a strain of
Pneumococcus III were employed.

Pneumococcus I and E. coli produced meningitis, but
killed the animals in 1 to 4 days. H. influenzae produced
a very mild infection from which the monkeys recovered
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spontaneously. Streptococcus viridans produced pleocy-
tosis and a positive Pandy reaction, but spinal fluid cul-
tures remained negative and there was no exudate.

The results with Pseudomonas were irregular until a
technique was devised whereby the organisms were sus-
pended in ground up jelled agar. By this means menin-
gitis was produced in which a thick tenacious exudate
was laid down within 48 hours around the base of the
brain and the cerebellum, sometimes extending several
centimeters down the spinal cord. Microscopically, the
exudate consisted of great numbers of polymorphonuclear
leukocytes, much fibrin, and large amounts of extracellu-
lar desoxyribonucleoprotein. Spinal fluid cultures and
cultures of the exudate were always positive for the
infecting strain of Pseudomonas. More than 90% of the
animals survived 5 days or longer.

Histamincytes of the Blood-Eosinophils and Basophils.
CHARLESF. CODE* and Ross G. MITCHELL, Rochester,
Minn.
This investigation was undertaken to determine whether

there is a relationship between the amount of histamine
and the numbers of eosinophils or basophils in the blood.
The numbers of the cells and the concentration of hista-
mine were determined quantitatively. Observations were
made in dogs and human beings before, during and after
the administration of cortisone.

No basophils were found in the blood of the dogs, and
in these animals high concentrations of histamine oc-
curred only in association with large numbers of eosino-
phils. Administration of cortisone always reduced the
numbers of eosinophils in the blood, and at the same time
lowered the concentration of histamine.

In human beings cortisone always caused a decline in
the number of basophils as well as eosinophils. The
values for blood histamine also always decreased. The
numbers of basophils and eosinophils were definitely re-
lated, and they both were related to the level of histamine
in the blood, indicating that they may both act as histamine
carriers in the blood.

"Splanchnic Pooling" During the Hypotensive Action of
Hexamethonium Bromide in the Dog. B. COMINSKY,
J. R. K. PREEDY, H. 0. WHEELER, R. M. HAYS and
S. E. BRADLEY,* New York, N. Y.
The recent development of a method of estimating the

circulating splanchnic blood volume (SBV) by determina-
tion of splanchnic vascular retention and dilution of Inl
labelled human serum albumin (Trans. Assoc. Am. Phys.,
66, 294, 1953) has made possible the evaluation of the role
of the splanchnic vasculature as a "blood reservoir" dur-
ing systemic hemodynamic adjustments. Hexamethonium
bromide (7.5 to 10.0 mg. ion i.v.) was used as a means of
producing such an adjustment in 8 anesthetized dogs (nem-
butal, 30 mg/kg) during the measurement of SBV, he-
patic blood flow (BSP method), total blood volume
(I' HSA dilution), cardiac output (direct Fick) and

arterial pressure (Statham transducer). Following ad-
ministration of hexamethonium cardiac output decreased

(15 to 76%, mean-31%) in association with a correspond-
ing fall in blood pressure (19 to 47%, mean-36%). The
total peripheral vascular resistance did not change sig-
nificantly. The hepatic blood flow decreased (P less than
.05, mean-21%) but not to the same extent as the blood
pressure since splanchnic resistance was also lowered
(P less than .05, mean-17%). Despite the reduction in
inflow and possibly also diminished resistance to outflow,
SBV increased in 6 of 8 animals (29 to 64%, mean-39%,
P less than .02) suggesting an alteration in splanchnic vas-
cular tone. Since total blood volume did not seem to
change, the resultant "trapping" of blood in the splanchnic
bed may have contributed to diminished venous return,
leading to a lowered cardiac output and a fall in blood
pressure.

C-14 Carboxyl Labeled Inulin as a Tracer for Inulin.
E. COTLOVE, M. C. REDER, W. B. LOONEY, M. WALSER
and L. W. MATTHEWS,Bethesda, Md. (Introduced by
Robert W. Berliner).
Preliminary studies have been made of the physiological

behavior of radioactive inulin, prepared by Drs. H. S.
Isbell and J. D. Moyer of the National Bureau of Stand-
ards by cyanohydrin synthesis, with the addition of
C'OOH groups in a ratio of about 1 to 200 fructose
residues. Electrophoresis of 3% C-14 inulin in buffer
and in plasma at pH 8 showed no migration of the
inulin and no evidence of protein binding. Following
intravenous injection in several species, the radioactivity
was recovered in the urine completely within the error of
counting, averaging 100.8% in 4 rabbits, 97.0% in 6 rats
and was 101.8% in a dog and 99.0% in a manwith metastatic
carcinoma. Chromatographic analysis of the urine showed
the radioactivity to be localized to the inulin spot. Radio-
active inulin was given by continuous infusion in 4 rats;
the renal clearance of the radioactivity and its volume of
distribution in muscle were similar to those found pre-
viously with non-radioactive inulin. In one dog, 5 con-
secutive clearance periods obtained during continuou6 in-
fusion of creatinine and C-14 inulin showed a ratio of
C(Cr) to C(radioactivity) averaging 0.95, similar to
results of Kennedy, Hilton and Berliner (Am. J. Physiol.
171: 164, 1952) with non-radioactive inulin. The vol-
ume of distribution of radioactivity in the dog was 17%
of body weight.

These results indicate that the C-14 inulin has the
physiological behavior of non-radioactive inulin, with
no evidence of plasma binding, decarboxylation or other
type of metabolism. This compound should be useful
particularly in studies requiring analysis of inulin in low
concentration in the presence of a chemical chromogen
blank. Further investigation is in progress.

The Effect of Growth Hormone on the Amino Acid Pool
and Protein Synthesis Rate in a Pituitary Dwarf. K.
R. CRISPELL, WILLIAM PARsoN* and Guy HOLLIFIELD,
Charlottesville, Va.
The urea space, the size of the amino acid pool, and the

rate of protein synthesis have been determined in five
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healthy adult volunteers using N-15 glycine and N-15
urea by the method of San Pietro and Rittenberg.

The same type of study has been carried out in a 20
year old dwarfed, sexually immature male who had under-
gone pituitary surgery at the age of eight. The patient
was studied under the usual standard metabolic regimen.
Before the administration of growth hormone (Raben)
the patient was found to have an amino acid pool of
3 mg./Kg. body weight as compared to 14 mg./Kg. (range
11 to 18) in the healthy volunteers. The rate of protein
synthesis was 290 mg./Kg. per 24 hours as compared to
810 mg./Kg. per 24 hours (range 610 to 1170) in the
healthy volunteers.

The patient was then given purified growth hormone
(Raben), 20 mg. every six hours intramuscularly and the
studies repeated on the sixth day of administration. Clas-
sical balance studies on this date showed minimal nitrogen
retention. The urinary nitrogen averaged 5.0 Gms. daily
for the six days previous to growth hormone, and 4.4
Gms. daily for the six days while receiving growth hor-
mone. There was, however, a profound change demon-
strated by the isotope technique. The amino acid pool
increased from 3 mg./Kg. to 11 mg./Kg. and the rate of
protein synthesis from 290 mg./Kg. per 24 hours to
1,180 mg./Kg. per 24 hours.

This technique appears to be more sensitive than clas-
sical nitrogen balance studies in assaying changes in pro-
tein metabolism. It may also offer some insight into the
mechanisms occurring with hormonal manipulation.

The Comparative Effect of Platelets on Prothrombin Uti-
lization from Dogs in the Degenerative and Regenera-
tive Phase of Irradiation Bone Marrow Aplasia. E. P.
CRONKITEand G. J. JACOBs, Bethesda, Md. (Introduced
by L. M. Tocantins).
A quantitative relationship between platelet concentra-

tion and prothrombin utilization in plasma of normal dogs
has been shown by Buckwalter et al. and in whole blood of
irradiated dogs by Jackson et al. In the latter studies,
it appeared that the irradiated platelets were less effective
than normal platelets in accelerating prothrombin con-
version. In contrast the platelets in whole blood of dogs
in the regenerative stage appeared more effective than
platelets in the degenerative stage (Cronkite et al.). These
phenomena might be explained on the basis of changes in
the platelets or changes in concentration of plasma anti-
coagulants (antithromboplastins).

To investigate these phenomena, the influence of the
following on prothrombin utilization was studied:

1. The comparative effect of platelets in whole blood
in the degenerative stage with platelets in the regenera-
tive stage.

2. The comparative effect of platelets in plasma from
normal dogs and in plasma from dogs in the degenerative
phase by varying platelet count with differential centri-
fugation and silicone technique without anticoagulants.

The following relationships were demonstrated:
1. At all platelet levels, platelets in the degenerative

phase of radiation injury were less effective in accelerating

prothrombin conversion than platelets in the regenerative
phase when the conversion took place in whole blood.

2. In plasma at similar platelet levels, platelets of ir-
radiated dogs in the degenerative phase were less effective
than normal platelets.

3. In both cases above, platelets in the degenerative
phase were less effective by a factor of two or three.

4. Technically, it was not possible to cross-transfer ir-
radiated or normal platelets to the opposite plasma and
obtain meaningful results. It was therefore not possible
to ascribe these alterations in platelet behaviour primarily
to a plasma constituent or to qualitative changes in the
platelet but previous work by Tocantins strongly sug-
gests that lipid antithromboplastins may partly contribute
to the lesser effectiveness of platelets in the degenerative
stage.

The Renal Oxygen Consumption in Diabetic Nephropathy
as Related to Tubular Functional Mass. ARCHERP.
CROSLEY, JR., GEORGEG. ROWE, JOHN H. HUSTON,
GEORGEM. MAXWELLand CHARLES W. CRUMPTON,
Madison, Wis. (Introduced by Edgar S. Gordon).
The ratio of renal oxygen consumption (total renal

blood flow X arterial-renal venous oxygen difference) to
renal tubular mass (TmPAH) in 4 patients with diabetic
nephropathy has averaged 0.659. This value represents
a threefold increase from that observed in normal patients
(0.232). The specificity of this elevation to diabetic
nephropathy is reflected in further studies indicating that
it is significantly different from results obtained in patients
with essential hypertension (0.216), labile diabetes with-
out nephropathy (0.217), and the presence of poor renal
function (0.070).

These results demonstrate a unique renal metabolic
pattern in diabetic nephropathy which may be related
to other endocrine abnormalities associated with this
condition.

Homeostatic Limits in Patients with Chronic Nephritis
and Therapeutic Implications. JOHN D. CRAWFORD,
GERALD A. KERRIGAN, WINSTON E. COCHRAN, MARY
TmEYand NATHANB. TALBOT,* Boston, Mass.
Studies have been performed in a small series of pa-

tients with advanced chronic nephritis to define their
residual ranges of renal capacity for homeostatic adjust-
ment. The study technique involved altering rate of
input of selected individual constituents of intake to pro-
vide challenge situations. In such circumstances the
adaptive behavior of the patients has been described and
limits of renal capacity for homeostatic adjustment have
been taken as those points at which further compensatory
changes in urinary excretion fail to occur while pathologic
deviation in body content or concentration of the con-
stituent under study develops. Limits have been described
for urine water concentration and volume, pH and am-
monium ion content and for the excretion rates of sodium,
potassium, phosphate and urea.

These studies have indicated certain important dif-
ferences in the impairments shown by individual patients.
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They have shown major reductions in capacity to vary
urine water concentration. Urine volumes greater than
thirty per cent of the glomerular filtrate may be formed.
Renal ability to conserve sodium and potassium has been
found unimpaired except in acidosis when fixed cation
losses result from reduced excretion capacity for hy-
drogen and ammonium ions. Maximum excretory ca-
pacities for potassium and phosphate are diminished in
proportion to glomerular filtration, but their excretion,
like inulin and urea clearances, may be augmented by
large sodium intakes.

The definition of these residual renal capacities has
facilitated design of individualized diets which permit
restoration and maintenance of normal body composition.
This has been followed by changes including improvement
in well-being, resumption of growth, healing of rickets and
reduction of hypertension. While the degree of altera-
tion in ultimate prognosis referable to such therapy is
still uncertain, the results obtained to date suggest that
this method of approach may prove both of practical and
basic interest.

The Visceral Circulation in Patients with Coarctation of
the Aorta. JAMESW. CULBERTSON,* WALTERM. KIRK-
ENDALL, JOHN W. EcKSTEIN and GEORGEN. BEDELL,
Iowa City, Ia.
Available reports on renal and total systemic (= pul-

monary) blood flow in patients with coarctation of the
aorta are conflicting and often fragmentary. Hepatic
(= splanchnic minus renal and adrenal) circulation re-
mains unrecorded.

Wehave studied renal circulation in 14 patients, 10 of
them having cardiac output determinations also, and 8 of
these having additional hepatic blood flow estimations.
Standard hemodynamic (Fick principle) and plasma
clearance chemical methods were employed, including di-
rect registration of intra-arterial pressure levels from
both brachial and femoral arteries.

Seven patients had elevated cardiac indices (4.12 -
5.56 L/min./M'), 1 a normal value (3.04) and 2 in con-
gestive myocardial decompensation subnormal values
(2.24 and 1.56). Renal plasma flow was elevated (971
ml/min.) in 1, normal (553 - 697) in 8, and subnormal
in 5 (of whom 3 were in heart failure). Only these 5
had increased renal vascular resistance. Hepatic hyper-
emia was found in 3 (2037 - 2559 ml/min.), high normal
blood flow (1545 - 1866) in 3, and low normal (1145 -
1186) in 2 who were in subclinical heart failure. Splanch-
nic vascular resistance was normal in these 2 but re-
duced in 6. Bromsulfalein plasma clearance (Cb,p) was
normal (441-757 ml/min.) in 7, low (142) in 1 and
elevated (964) in 1. Splanchnic oxygen consumption
(85 - 113 ml/min.) averaged above normal, as did total
oxygen consumption. Systolic arterial hypertension was
found in the upper compartment and normal mean arterial
pressure in the lower.

The data fail to show significantly increased arteriolar
resistance locally or generally, diastolic hypertension, or
renal ischemia in patients not in myocardial decompen-

sation. They do support normal renal function, hepatic
hyperemia with decreased splanchnic arteriolar resistance,
and increased total blood flow and general and splanchnic
metabolism. This is in sharp contrast to the hemody-
namics of essential arterial hypertension.

Comparative Absorption Rates in the Upper and Lower
HumanSmall Intestine. ALVIN J. CuMMINSand RAINE
JUSSILA, Philadelphia, Pa. (Introduced by Thomas
E. Machella).
Data from animal experiments comparing absorption

rates in various levels of the small intestine are meager
and conflicting. Similar data are not available for the
human. Because of the possible significance of such
knowledge in various clinical conditions, comparison stud-
ies of absorption rates in man were undertaken.

The intubation technic of Nicholson and Chornock was
used, permitting measurement of the absorption rate of a
45 cm. segment of the small bowel. In the present study,
rate of absorption in the upper intestine was compared
with that in the lower ileum in the same patient, the tests
being run consecutively. Glucose solutions in concen-
trations of 5% and 10% were used as test substance in
seven and six normal subjects, respectively. Urea absorp-
tion from solutions of similar tonicity was also determined
in three subjects.

The resulting data indicate a mean absorption rate in
the ileum 29% below that of the upper intestine for 5%
glucose and 46% less for 10% glucose. Reduced absorp-
tion rates of similar magnitudes in the lower bowel were
also demonstrated for urea. The results further suggest
that the absorption rate for water may be reduced in the
ileum, as indicated by the larger volumes of fluid aspirated
there.

Failure to demonstrate significant difference in the con-
centration of unabsorbed glucose aspirated from either
site implies that reduced ileal absorption rate is not due
to greater dilution. Likewise, comparable absorption
rates of glucose and the readily diffusible substance urea
make it unlikely that the observed difference is due to
variation in mucosal phosphorylating capacity. Balloon-
kymographic studies during the performance of the tests
confirm the previously observed gradient of lessened mo-
tility from upper to lower intestine and this motor dif-
ference may possibly be implicated in the variation in ab-
sorption rate.

Observations on Spontaneous and Experimental Cheyne-
Stokes Breathing in Man. JAMES H. CumRNs and
RHETTTALBERT, Boston, Mass. (Introduced by Mandel
E. Cohen).
Cheyne-Stokes breathing is characterized by recurring

periods of apnea and subsequent respirations which wax
and wane. A systematic study of this phenomenon has
been in progress which has endeavored to (1) record the
respirations, (2) study arterial blood chemistry in dif-
ferent phases, (3) evaluate cardiac, neurological and
mental status and (4) test the effect of drugs and stimuli.

Eleven patients have been observed to have spontaneous
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or induced Cheyne-Stokes breathing. The breathing was
recorded in five patients while inhaling 100 per cent
oxygen, and in one patient Cheyne-Stokes breathing was
observed with a persistent blood oxygen saturation of
100 per cent. Stimuli such as pain, noise, attention, in-
creased awareness and carbon dioxide have all been found
to alter or dispel the Cheyne-Stokes breathing. Con-
ditions which have enhanced this breathing have been
relaxation and sleep. In three patients this breathing
occurred after the lowering of blood pressure from pro-
toveratrine or hexamethonium. Aggravation of abnormal
neurological signs was observed concomitantly with
Cheyne-Stokes breathing. The constant dispelling of this
phenomenon with carbon dioxide inhalation has been
striking; this is contrasted with the fact that oxygen
usually had no effect.

Nine cases have had abnormal neurological signs or
a history of apoplexy. Four autopsied cases have each
demonstrated cerebral injury, usually bilaterally. One of
the autopsied cases had no abnormal neurological signs.

It is concluded that emphasis should be placed upon
the neurological aspect of this type of breathing rather
than on blood chemical changes or degree of congestive
heart failure. The first description of this disorder by
Cheyne in 1818 was a cardiac patient who experienced
apoplexy which rendered him "speechless and hemiplegiac"
and whose breathing "would entirely cease for a quarter
of a minute then by degrees become heaving and quick."

Inoculation Syphilis in Man. JOHN C. CUTLER, LOPODE
MELLO, BERNARDI. KAPLAN, HAROLDJ. MAGNUSON,*
SIDNEY OLANSKYand EVANW. THOMAS, Chapel Hill,
N. C.
Sixty human prisoner volunteers with well documented

medical histories were inoculated intracutaneously with
the Nichols strain of T. pallidum. The experiment was
designed to assess immunity in relation to serologic tests
with lipoidal antigens, treponemal immobilization test, and
duration of original infection prior to treatment. Eight of
the subjects were non-syphilitic, the remainder previously
had had syphilis and all except 4 had been treated for
the disease. Prior to challenge inoculation one half the
group received 5 X 10' heat killed T. pallidum intracu-
taneously and subcutaneously. An anamnestic T. P. I.
response was demonstrated in some patients, but reagin
titers were unchanged. Graded inoculums ranging from
10 to 104 virulent organisms were inoculated intracu-
taneously at 4 sites in each of the controls. The 50%
infectious inoculum was found to be between 10 and 10'
organisms. All other subjects were challenged at a single
site with 10' organisms.

The early course of the disease in the normal controls
was analogous to that observed in naturally acquired
infection as measured by clinical and serologic changes.
Of 11 patients previously treated for early syphilis, 9 de-
veloped dark field positive lesions, 2 dark field negative
lesions. All showed increasing titers of reagin and T. P.
I. antibody. Of 34 patients previously treated for late
syphilis, 2 developed dark field positive lesions, 12 dark

field negative lesions with increasing serologic titers, 3
dark field negative lesions without serologic change, and
16 showed no clinical or serologic evidence of infection.
Two of the lesions were clinically gummata. None of the
4 untreated patients showed clinical or serologic response
to inoculation. One patient previously treated for asymp-
tomatic neurosyphilis had as sole response a redevelop-
ment of active asymptomatic neurosyphilis. This patient
represents the only reinfection in which no cutaneous
lesion developed at site of inoculation. All patients were
treated with penicillin no later than 4 months after in-
oculation.

Acquired immunity in human syphilis is shown to exist
and appears to be related to the duration of the original
immunizing infection prior to its treatment.

The Character of the Records Obtained from the Aperiodic
Ballistocardiograph and Their Relationship to Those
from the High-Frequency Bed (Starr) Ballistocardio-
graph. D. C. DEUCHAR, S. A. TALBOT, F. W. DAvIs,
JR and W. R. SCARBOROUGH,Baltimore, Md. (Intro-
duced by Benjamin M. Baker, Jr.).
Analysis of the high-frequency bed ballistocardiograph

has demonstrated defects of this method of recording mo-
tions of the body resulting from cardiovascular forces.
Important amongst these is the excitation of the spring
and damper system formed by the dorsal tissues of the
subject, resulting in a distorted frequency response in the
ballistocardiographic range.

A light platform floating on mercury has been con-
structed and ballistocardiograms have been recorded using
an accelerometer. This system has no restoring force,
so is aperiodic, and has minimal damping. These proper-
ties minimize excitation of the dorsal tissues and approxi-
mate the ideal of a freely floating body. Acceleration
records so obtained measure forces referred to the body
without distortion through most of the ballistocardio-
graphic spectrum now known. Mathematical analysis
suggests that displacement records from the high-fre-
quency bed represent grossly the slower forces acting on
the body, so the two types of records can justifiably be
compared to study the distortion present in the latter.

Records of 60 subjects, normals and abnormals, have
been obtained from both systems. Subjects with normal
high-frequency bed records yield a consistent pattern on
the aperiodic bed which contains slurs, splinters and
faster detail, with the major waves slightly preceding
the high-frequency bed record in time; late systole typi-
cally shows a series of small forces, without a major foot-
ward contribution, in place of the K wave which we
therefore regard as artefact, in normal records, due to
after-oscillation. Diastole also shows consistent well-
defined forces. Abnormal records demonstrate well a
similar, consistent relationship to the high-frequency bed
record in all cases. This supports the view that the high-
frequency bed displacement ballistocardiograph reflects
grossly the force on the body but significantly distorts its
detail both in timing and in wave form.
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Erythrocyte Metabolism. Studies on the Metabolic Be-
havior of Reduced Glutathione in Human and Avian
Erythrocytes. ELHANANDIMANT, EDITH LANDSBERG
and IRVING M. LONDON,* New York, N. Y.
In studies on the ageing process in erythrocytes, the

patterns of metabolic behavior of various constituents of
the erythrocytes are under investigation. This report is
concerned with reduced glutathione, which has been im-
plicated in the maintenance of integrity of the structure
of the erythrocyte.

Glycine labeled with N' was administered to a normal
man, and glutathione and hemin were isolated from the
erythrocytes at intervals thereafter. The isotope concen-
trations in the hemin reveal a normal pattern of sur-
vival of erythrocytes. The isotope concentrations in the
reduced glutathione indicate that the nitrogen, derived
from glycine, of the reduced glutathione in the human
erythrocyte is in the dynamic state with a half-time value
of approximately four days.

Incubation, in vitro, of intact or lysed human or duck
erythrocytes with 2-C1-glycine results in rapid incorpora-
tion of the labeled carbon in the reduced glutathione of the
erythrocytes. These findings indicate the existence of a
system in the mature erythrocyte for continued replace-
ment of the glycine moiety of reduced glutathione and
provide a basis for the study of the origins, and the
mechanism of reduction, of glutathione of erythrocytes.

The Effect of Tetraethylammonium Chloride on the Pres-
sor Response to Epinephrine and Norepinephrine. R. J.
DISALvo, JAMES D. EVANS and ALBERT A. BRuST,*
Atlanta, Ga.
The phenomenon of potentiation of the pressor effects

of epinephrine, norepinephrine and other pressor sub-
stances during autonomic blockade with tetraethylam-
monium chloride (TEAC) has been extensively studied
in animals. In view of the lack of similar controlled
studies of this phenomenon in man, this study was under-
taken in order to determine whether similar responses
occurred in human subjects, since such responses may be
a factor in the pressor response to TEAC in pheochromo-
cytoma, and to aid in clarifying the interplay of neuro-
genic and humoral factors in the regulation of vascular
tone.

Comparative studies of the blood pressure and pulse
effects of rapid intravenous injection of TEAC before
and during constant intravenous administration of l-epi-
nephrine and l-norepinephrine have been made in six nor-
motensive subjects. Blood pressure was measured by the
auscultatory method; in 3 subjects direct arterial pres-
sures were also recorded from a brachial artery by a
Statham pressure transducer and strain gauge amplifier.

During a control period, a rapid injection of 400 mgm.
of TEAC was given, intravenously. When the effects
of the drug disappeared, intravenous infusion of .085 mcg./
Kg./min. of epinephrine was begun. During the infusion,
when blood pressure and pulse stabilized, 400 mgm. of

TEACwas again given intravenously. In the same sub-
jects on a subsequent day, the procedures were repeated
except that .085 mcg./Kg./min. of norepinephrine was
given.

In all subjects a depressor response to TEACoccurred
in both control periods (mean - 22/- 12). The responsc
to TEACremained depressor, although of less magnitude,
during epinephrine infusion. During norepinephrine in-
fusion, a pressor response to TEAC occurred in all sub-
jects (mean + 20/+ 12), and the bradycardia due to nor-
epinephrine was abolished.

The -results indicate that in the range of the physiologic
doses used, TEAC augments the pressor effects of nor-
epinephrine, but not of epinephrine, and suggest that the
mechanism of the pressor response to TEAC in pheo-
chromocytoma may be due to the presence of circulating
norepinephrine.

The Exophthalmos-producing Substance in the Serum of
Patients Suffering from Progressive Exophthalmos.
BROWNM. DOBYNS* and Lois A. WILSON, Cleve-
land, 0.
It has been known for a long time that crude anterior

pituitary extracts will produce both thyroid hyperplasia
and exophthalmos when injected into the animals. We
have recently shown that the exophthalmos producing sub-
stance (EPS) is different from the thyroid stimulating
hormone. By chemical methods these two substances
have been separated and their actions independently
demonstrated.

Fundulus, an Atlantic minnow, has proven to be an
excellent test object for the exophthalmos producing sub-
stance. Amounts of dried extracts as small as 25 micro-
grams will cause a positive exophthalmic response in
these fish. The response usually can be recognized
grossly in 3 to 6 hours, but it may be accurately deter-
mined by measuring the intercorneal distance in each fish
before and following administration of the test material.

After testing whole serum from many patients with
severe or progressive exophthalmos in the past with only
borderline or negative responses, we have recently ob-
served that the serum of 3 such patients caused a positive
response when administered to the fish.

In contrast to the prompt response described above,
the response from whole serum usually required several
days. Because the volume of fluid that can be injected
into the coelomic cavity of these fish is small, 3 injections
of 0.25 ml. of serum are given over a period of 24 hours.
Some of our previous failures to demonstrate an exoph-
thalmos producing substance in whole serum have prob-
ably been due to 1) an insufficient period of observation
following injection, 2) insufficient amounts of whole
serum given (single doses), and 3) marked variation in
responsiveness of lots of fish throughout the year. Con-
trol observations, using normal saline, normal saline con-
taining a standard active EPS pituitary preparation and
pooled normal serum, have been made.
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Resistance to Airflow through the Tracheobronchial Tree
as Measured by Means of a Body Plethysmograph. A.
B. DuBois, S. Y. BOTELHOand J. H. COMROE, JL,*
Philadelphia, Pa.
Since the ratio of pressure/flow measures resistance,

in order to obtain resistance to airflow through the
tracheobronchial tree, it is necessary to have simultaneous
measurements of airflow and alveolar pressure during the
period of flow. This is accomplished by having a subject
sit in an airtight body plethysmograph and breathe air
from the plethysmograph through a flowmeter. Pressure
changes in the plethysmograph are measured continuously
during the respiratory cycle and represent alveolar volume
changes caused by compression or decompression of the
alveolar gas during expiration and inspiration. For
example, for gas to flow out of the alveoli during expira-
tion, the alveolar pressure must rise above atmospheric;
if at any one instant the absolute alveolar gas volume is
3000 ml and the alveolar pressure rises to 10 cm H20,
the change in alveolar gas volume, due to compression,
is 30 ml. Since such small changes in alveolar gas volume
during airflow can be detected by the change in pressure
in the body plethysmograph and one other unknown,
the absolute alveolar gas volume can be obtained by
measuring simultaneous change in alveolar volume and
pressure in the tracheobronchial system during the period
when flow has been interrupted by a shutter, alveolar
pressure during airflow can be calculated. Measuring si-
multaneous alveolar pressure and airflow in this manner,
we have found the resistance of the tracheobronchial tree
to airflow to be 1.63 cm H20/L./sec. ± S.D. 0.36 in 15
normal subjects. In subjects with increased airway
resistance, the values are considerably higher.

Metabolism of Compound S in Rheumatoid Arthritis; Ef-
fect on 17-Ketosteroid Excretion. IVAN F. DUFF,
WILLIAM D. ROBINSON, WILLIAM M. MIKKELSEN and
ALETHA M. HEMERLINE, Ann Arbor, Mich. (Intro-
duced by J. W. Conn).
Recent studies (J. Lab. & Clin. Med., Jan., 1954) by

Conn, Fajans, Louis, Seltzer suggest that the excretory
level of 17-ketosteroids can be modified by altered metab-
olism of adrenocortical steroids, and disclosed that pa-
tients with liver disease excrete a much smaller proportion
of administered Compound S as 17-ketosteroids than do
normal individuals. In normal subjects, on the second
consecutive day of Compound S administration orally in
doses of 400 mgm. daily, there is a peak increase in urinary
17-ketosteroid excretion of 25 to 45 mgm. above baseline
values.

This test has been applied to 6 men and 6 women with
rheumatoid arthritis. Baseline excretion of 17-ketoster-
oids was below normal in 10 of these 12. In only 4 pa-
tients did oral administration of compound S produce
a normal increment in 17-ketosteroid excretion (23 to 73
mgm.); in one subject the response was 17 mgm. In the
remaining 7, the rise in excretory level was 12 mgm. or
less, with no increase whatsoever in 2 subjects. Further
alteration in excretory pattern characterized by delay in

peak values was seen in 5 patients. Liver function, as
measured by serum bilirubin, urinary urobilinogen and
bromsulphophthalein retention, was normal in these pa-
tients, with the exception of excessive BSP retention in
one. The abnormal serum protein pattern commonly ob-
served in rheumatoid arthritis was present in 8. There
was no obvious correlation with duration, severity or ex-
tent of the disease process.

These preliminary results suggest that further investi-
gation of the metabolism of adrenocortical steroids in
rheumatic and other chronic diseases may be informative.

SomeDifferences in Ventricular Contraction and Relaxa-
tion in Patients wtith Mitral Stenosis and Mitral Insuf-
ficiency as Studied by the Kinetocardiogram. E. E.
EDDLEMAN, JR. and ROBERTH. YOE, JR., Birmingham,
Ala. (Introduced by T. R. Harrison).
Low frequency precordial chest movements (kineto-

cardiograms) were recorded in patients with mitral
stenosis and mitral insufficiency by means of a bellows
system previously described. The events were correlated
with the electrocardiogram, carotid pulse, and ballisto-
cardiogram.

Patients with mitral stenosis revealed a marked anterior
or outward movement of the precordium occurring before
ejection which was sustained above the baseline during
systole. This was followed by an inward movement
during isometric relaxation. In contrast to this, patients
with mitral insufficiency had an inward movement of the
chest during early ejection followed by a large outward
movement just before the carotid incisura.

The findings were interpreted as indicating an exag-
gerated anterior swing of the heart during systole in
mitral stenosis probably as a result of the contrac-
tion of the right ventricle. The swing predominates
during ejection. However, as the right ventricle re-
leases, the left ventricle pulls the heart posteriorly
and leftward in the chest. Mitral insufficiency appears
to lack the early marked anterior swing but has a late
systolic swing of the heart. Thus, there appear to be
fundamental differences in ventricular contraction and
relaxation in patients with mitral stenosis and mitral
insufficiency.

The Effect of Myocardial Anoxia on Myocardial Metabo-
lism in Vivo. STERLING EDWARDs, A. SrIGm. and
RICHARD J. BING,* Birmingham, Ala.
The effect of myocardial anoxia resulting from hemor-

rhagic shock was studied in 16 anesthetized dogs. Shock
was produced with a modified technique of Wiggers (blood
pressure reduction to 50 mm. Hg for 90 minutes, then
30 mm. Hg for 60 minutes, followed by reinfusion of
blood). Coronary blood flow and myocardial extraction
and usage of oxygen, glucose, pyruvate and lactate were
determined during the control period and during the
oligemic and normovolemic phase. During the oligemic
phase, coronary flow, coronary vascular resistance, myo-
cardial oxygen consumption and mechanical efficiency
were reduced. Reinfusion of blood did not result in a
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return of myocardial oxygen consumption to normal con-
trol values. The most significant observation was a re-
versal of the usual positive pyruvate balance during the
oligemic phase with the concentration of pyruvate in
coronary vein blood significantly exceeding that in coro-
nary artery blood. This was accompanied in some in-
stances by similar reversal in the extraction of a reduc-
ing substance determined as glucose by the micromethod
of Hagedorn. Myocardial oxygen extraction of lactate
remained positive throughout. These results indicate
that reduction of coronary blood flow results in severe
myocardial anoxia which may be responsible for (1) in-
hibition of enzyme systems engaged in the breakdown of
pyruvate (cocarboxylase); (2) increased glycolysis,
which may represent the prime source of cardiac energy
under those conditions. As a result, pyruvate accumu-
lates. Continued extraction of lactic acid might result
from conversion of lactate to pyruvate or its conversion
to carbohydrate intermediates in the direction of glyco-
gen. These metabolic changes point to the possibility of
an anaerobic metabolism of heart muscle in vivo.

The Effect of Congestive Heart Failure on Total Blood
Volume, Red Cell Mass, and Plasma Volume as Meas-
ured by Radioactive Chromium-Labeled Red Cells.
SEYMOUREISENBERG, Dallas, Tex. (Introduced by
Elias Strauss).
The effect of congestive heart failure on total blood

volume and circulating red cell mass remains a matter of
considerable controversy. Measurements with T-1824
dye have yielded consistently increased values but it is
likely that they included an expanded lymphatic space.
Measurements utilizing radiophosphorus have yielded in-
consistent changes, but the instability of the P-32 red cell
complex precludes satisfactory equilibration periods.

Determination of blood volume and circulating red cell
mass with radiochromium labeled red cells suffers from
neither of these defects. This method has therefore been
utilized in the study of 27 subjects with congestive heart
failure. Comparisons were made between pre-treatment
and post-treatment values and between these and the
values of 20 normal subjects. The patients were grouped
according to the "degree' of congestive failure, dependent
upon duration, severity, and tractability.

Congestive heart failure resulted in a 22% increase in
blood volume, a 25%o increase in red cell mass and a 17%
increase in plasma volume. There was a 38% increase in
blood volume in the "severe" group as opposed to a 14%
increase in the "mild" group. After treatment, the blood
volume decreased in 50% of the patients. This shrink-
age involved a reduction in both red cell mass and plasma
volume; only rarely did selective shrinkage of plasma
volume occur. The magnitude of hypervolemia was cor-
related with the degree of cardiomegaly; following treat-
ment, shrinkage of blood volume tended to parallel the
decrease in heart size.

It is concluded that:

1. Heart failure is usually accompanied by an expanded
blood volume, which shrinks after compensation is re-
stored.

2. The expanded blood volume, as well as the reduction
following compensation, involves red cells and plasma
equally.

3. Changes in blood volume parallel changes in heart
size and are not apparently related to the formation or
delivery of edema.

The Effect of Variations in Amino Acid Intake and Pro-
tein Deficit on the Metabolic Response of Soft Tissues
and Bone to Cortisone Acetate. LEONARDP. ELIEL *
and ROBERTP. HEANEY, Oklahoma City, Okla.
The effects of variations in protein anabolic rate on the

metabolic response to oral cortisone acetate, 200 to 600
mg./day, have been studied in a patient who was fed
synthetic isocaloric diets of differing amino acid content.

On a zero amino acid intake, after urinary nitrogen ex-
cretion had stabilized at about 2.0 gm./day, administration
of cortisone resulted in a transient, slight increase in
nitrogen excretion, averaging 0.1 gm./day. Amino acids
50 gm./day, and cortisone, were given during a subse-
quent period of marked positive nitrogen balance. A
slight negative balance was achieved only on high doses
of cortisone. With an amino acid intake of 100 gm./day,
after establishing nitrogen equilibrium, cortisone resulted
in a prompt and sustained negative nitrogen balance,
averaging 1.5 gm./day.

Urinary calcium, during administration of cortisone,
rose 96 and 173 mg./day, at the zero and 50 gm. amino
acid levels, respectively. Preexistent hypercalcuria con-
fused interpretation of a rise at the 100 gm. level. The
serum alkaline phosphatase concentrations fell significantly
at all amino acid levels when cortisone was exhibited.

Retention of sodium, chloride and water, and eosino-
penia, were manifested at all amino acid levels, and in-
dependently of the nitrogen balance, during administra-
tion of cortisone.

The results provide further evidence that the principal
effect of cortisone on protein metabolism is antianabolic.
However, in the presence of a strong anabolic stimulus
(protein deficit plus adequate amino acid intake), ad-
ministration of cortisone failed to induce nitrogen losses,
except in very high doses. The increases in urinary cal-
cium, during administration of cortisone, indicated either
that bone anabolism continued, to a small degree, on an
amino acid-free diet, and was inhibited, or that cortisone
also stimulated bone catabolism.

Plasma Mixing and Removal Curves for Fe" and I'
After Intravenous Injection of Doubly Labeled Iron
Binding Globulin. P. J. ELMLINGER, S. P. MASOUREDIS,
J. SONI, G. E. FULTON and S. L. BELKNAP, Berkeley,
Calif. (Introduced by John H. Lawrence).
Studies of iron turnover involving the labeling of total

plasma iron have aroused interest in the metabolic relation-
ship between the circulating plasma iron (CPI) and its
globulin carrier. The turnover rate of the iron binding
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globulin (IBG) as well as the plasma iron turnover rate
was determined with Fe' globulin in which the protein
was trace labeled with I"'.

In patients given the doubly labeled IBG the two iso-
topes in the serial samples were separated chemically
prior to radioassay. IBG singly labeled with I' was
used in some patients for comparison of IBG turnover
rates with iron turnover rates determined several months
earlier.

Extrapolation to zero time of the first post-mixing com-
ponent was used for defining space of dilution of Fe and
I" IBG. Turnover rates of iron and of the IBG were
determined from their respective half-times, the concen-
tration, and volume.

The serial changes in body distribution of radioactivity
after injection of IBG labeled only with I' are similar
to those observed with gamma emitters confined within
the vascular bed and are in contrast to the changes which
occur during the first three weeks following the injection
of IBG labeled with Fe'. It was calculated that 0.1 to 0.2
of the total IBG was replaced per day which differs
markedly from the replacement rate of the total iron.

The above data are compatible with the concept that
the globulin functions as a carrier for iron. In addition,
the data suggest that some abnormalities in the sidero-
kinetic pattern in various disease states are reflections of
disturbed carrier globulin metabolism.

Studies of the C-Reactive Protein in the "Post-Commis-
surotomy" Syndrome. SAMUELK. ELSTER and HAR-
RISON F. WOOD, New York, N. Y. (Introduced by
Alexander B. Gutman).
The "post-commissurotomy" syndrome developed in

eight of thirteen patients with rheumatic mitral stenosis
two weeks to seven months after commissurotomy. The
characteristic chest pain, fever and cough, often with
signs of pluritis and pericarditis, usually lasted 1-3 weeks.
Multiple attacks occurred in 3 patients.

The C-reactive protein (CRP) in the sera of twelve
patients was determined pre- and post-operatively. The
CRP became positive within 24 hours post-operatively
and remained elevated 1-8 weeks. Markedly elevated
titers (4-6+) occurred in ten patients. Control studies
in seven patients following surgery for congenital heart
disease revealed similar high post-operative titers of CRP
but disappearance within a week in six.

Of the eight patients with the "post-commissurotomy"
syndrome, four had transiently positive CRP pre-opera-
tively; three had auricular biopsies positive for "Aschoff
bodies." Of the remaining five patients, one had a posi-
tive CRP pre-operatively and two had positive auricular
biopsies.

Serial determination of the CRPwas performed in six
instances of the "post-commissurotomy" syndrome. In
all, the CRP became positive at onset and persisted
throughout the period of clinical activity. As the syn-
drome remitted, the CRP diminished and in four in-
stances persisted for variable periods following apparent
clinical remission. In three cases, salicylates appeared to

suppress the clinical manifestations. In one, this was as-
sociated with rapid subsidence of the CRP. Following
withdrawal of the salicylates, the CRP reappeared
promptly and without any further treatment slowly sub-
sided.

The consistent appearance of CRP in the "post-coin-
missurotomy" syndrome does not indicate that this dis-
ease necessarily represents a manifestation of rheumatic
fever. The determination appears to be useful in the
diagnosis and management of the "post-commissurotomy"
syndrome.

Studies of an Unusual Patient vith Plasmacytosis.
RALPH L. ENGLE, JR. and LILA A. WALLIs, New York,
N. Y. (Introduced by David P. Barr).
A 38 year old man was found to have 40% plasma cells

in the bone marrow and an occasional one in the periph-
eral blood. Almost all of the cells contained rod- or rec-
tangular-shaped cytoplasmic inclusion bodies which took
the azur stain. The serum protein was 5.4 gm.% with
an A/G ratio of 4.1/1.3. Filter paper electrophoresis re-
vealed a marked hypogammaglobulinemia. The urine
contained large quantities of a protein resembling Bence-
Jones protein which precipitated out upon heating and
redissolved upon boiling. This protein migrated as beta-
globulin on filter paper electrophoresis. There was hepato-
splenomegaly and a moderate anemia. X-rays of the
bones showed minimal osteoporosis. Two small rib
fractures were present. A diagnosis of multiple mye-
loma was entertained.

There were, however, other features not readily ex-
plained by the diagnosis of multiple myeloma, but more
characteristic of the adult Fanconi syndrome. Among
these was a constant aminoaciduria, measured by two-
dimensional paper chromatography, which was not found
in 11 patients with multiple myeloma. In addition, gly-
cosuria of renal type, hypocalcemia, hypophosphatemia,
and an elevated alkaline phosphatase were found.

The urinary protein differed from the form described
by Bence-Jones in that at pH 5 it precipitated out at 65°C
rather than at 45-55°C. Studies of the amino acid com-
position of this protein by means of two-dimensional pa-
per chromatography revealed the presence of methionine
in considerable amounts in contrast to typical Bence-Jones
protein which in our experience and that of others con-
tained practically no methionine.

The Serum Precipitable Iodine (SPI) in Surgical Stress
and Serious Illness. WILLIAM W. ENGSTROMand
BLANCHMARKARDT,Milwaukee, Wis. (Introduced by
Randall G. Sprague).
The following studies were undertaken to determine

whether surgical stress elicits effects which alter thyroid
function (as determined by the SPI) and to define more
clearly the limits of the SPI as a diagnostic technic. In
21 of 24 operated patients no significant change in the
SPI occurred either acutely (hours) or during one week
after surgery. Thus the phenomena associated with
surgical stress do not appear to be directly related to al-
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terations in the concentration of thyroid hormone in se-
rum. However, the SPI progressively fell to abnormally
low levels in three patients who expired 5, 6 and 19 days
post-operatively.

The behavior of the SPI was then studied in 32 seri-
ously ill patients who suffered from a variety of condi-
tions. Fourteen of these expired; the remainder sur-
vived during the period of observation. The SPI varied
from 1.2 to 5.9 micrograms % (mean: 3.2 micrograms);
these values contrast sharply with our control range of
3.5 to 7.0 micrograms % (mean: 5.1 micrograms). The
abnormally low values appeared to be related to some
phenomenon of the illness itself rather than to survival
or to acute stress. Similar to the findings of Recant and
Riggs (J. Clin. Investigation 31: 789, 1952) in patients
with nephrosis, we found a close correlation between the
SPI and the level of the serum albumin. However, we
do not have data to support the idea that hypoalbuminemia
from any cause is invariably associated with low SPI.
Yet, it seems that in many illnesses, especially if severe,
chronic and associated with hypoalbuminemia, the con-
centration of the SPI decreases. It is not entirely clear
what this phenomenon signifies in terms of the physiology
of the thyroid hormone, but it emphasizes that caution must
be exercised in the interpretation of low values for SPI.

Spectrophotometric Determination of Streptolysin-O Ac-
tivity and Inhibition. HARRYA. FELDMAN* and ANNE
L. GILLEN, Syracuse, N. Y.

Herbert in 1941 reported that the activity of strepto-
lysin-O and the concentration of antistreptolysin-O could
be measured with greater accuracy if 50% rather than
100% end-points were used and that saline phosphate
buffered at pH 6.5 and rabbit erythrocytes in approxi-
mately 2.5% concentration were advantageous. Liao
later described a modification of the antistreptolysin-O
test using 50% end-points and rabbit erythrocytes in 5%
concentration. Since the 50% unit should be superior
to the currently favored 100%, this study of the conditions
required to define a reproducible SLma unit was under-
taken. Sheep erythrocytes stored in modified Alsever's
solution were used and initially veronal bicarbonate buf-
fered saline (VBBS) at pH 7.3-7.4 was the diluent; all
readings were made with the Coleman Junior spectro-
photometer at wavelength 550 mny and plotted by reference
to the Von Krogh equation. It was demonstrated that
phosphate buffered saline was preferable and that pH 7.1-
7.2 was superior to 6.5. With the VBBS, streptolysin-O
activity was significantly reduced during incubation but
this could be prevented by including glycerine in the mix-
ture or by using phosphate buffer. The SLjm of dif-
ferent lots of streptolysin-O determined in this way did
not vary significantly. In contrast to other reports, the
relationship between the SLrno unit and the concentration
of erythrocytes is not linear except at erythrocyte con-
centrations above 3%. In the range 1-3%, the SL=.. unit
is relatively constant. Sheep erythrocytes can be substi-
tuted satisfactorily for human erythrocytes if allowance
is made for the difference in erythrocyte size. The former

are approximately 64% as large as human erythrocytes;
thus a 4.8% suspension of sheep erythrocytes is numeri-
cally equivalent to a 7.6% suspension of human cells.
From these findings a test for the measurement of anti-
streptolysin-O which permits for greater reproducibility
and for the interchange of erythrocytes of different species
has been constructed.

Studies in Parahemophilia. JOHN B. FLED and ARNOLD
G. WARE, Los Angeles, Calif. (Introduced by Paul
Starr).
The clinical state of plasma deficiency of accelerator

globulin (Ac-Globulin, Proaccelerin, Labile Factor) may
be associated with a bleeding dyscrasia. This disease has
beed named parahemophilia. The number of such cases
which have been studied to date are relatively few, prob-
ably numbering less than ten.

Under observation is a large, three generation family
group of which nine individuals have significant reduc-
tions in plasma accelerator globulin content. Six of these
individuals have levels of 50% of normal or lower. Five
others who were found to have normal accelerator globulin
also present a history of numerous episodes of epistaxis,
easy bruising, impairment of clotting with minor cuts
and severe hemorrhage with surgical procedures. Both
sexes exhibit the clotting defects. The adult females also
have menorrhagia and hemorrhage with parturition. At
least ten other members of the family who have not been
studied, have a similar history.

The most seriously ill is an eighteen year old female,
the issue of two first cousins. She has had the typical
subjective clotting impairment from youth with numerous
severe bleeding episodes. Since the age of sixteen on, she
has had several hospital admissions for long periods. She
was studied in detail. Her Ac-G on numerous occasions
was zero while her prothrombin concentration ranged
from 120 to 140 per cent of normal. Fibrinogen was
normal, prothrombin consumption was negligible. Her
plasma incubated with normal plasma did not progres-
sively reduce the average Ac-G value of the pooled sample.
Given transfusions of fresh plasma, her clotting time was
shortened and dental extraction was made possible. The
resulting elevation of Acceleration globulin to 5% of
normal was temporary and dissipated to zero within six
days. Methylxanthines orally and parenterally, ACTH
intravenously and vitamin K in large doses intravenously
were without effect in increasing Ac-G levels.

Prolongation of Viability of the Stored Erythrocyte.
CLEMENTA. FINCH * and BEvERLY W. GABRIO, Seattle,
Wash.
The "storage lesion" of the erythrocyte may be defined

as a composite of chemical, physical, and morphologic
changes which proceed to ultimate loss of cell viability
when blood is preserved in vitro. Because of the impor-
tance of carbohydrate metabolism in the maintenance of
the erythrocyte our studies have employed the phosphate
partition (adenosine triphosphate (ATP), hexosephos-
phates, 2,3-diphosphoglycerate, etc.) of the erythrocyte

la
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as an indicator of the metabolic potential of the cell.
Post-transfusion survival has been measured employing
Cr' tagging of stored erythrocytes.

Previous work from this laboratory has shown that
the storage lesion is reversible to a point once stored cells
are replaced in active circulation. An investigation of
systems which cause such a reversal in vitro indicate that
the ATP derivative, adenosine, is the most efficient sub-
stance in this respect. Following its addition to stored
blood, there is: (1) a reconstitution of the depleted cellu-
lar organic phosphates, particularly ATP and 2,3-diphos-
phoglycerate; (2) associated improvements in osmotic
fragility, glucose utilization, potassium: sodium ratio, and
spontaneous hemolysis. Survival measurements, employ-
ing both rabbit and human erythrocytes, indicate better
than 70% viability of the cells preserved in ACD+ adeno-
sine at 4° for periods of 5 to 12 weeks, while control
studies show a comparable survival for only 3 to 4 weeks
with blood preserved in ACDalone at the same tempera-
ture.

These studies demonstrate that membrane integrity
and viability are dependent upon the maintenance of
erythrocyte metabolism, and that adenosine provides im-
portant support to red cell metabolism during storage.

The Effect of Intravenous Hydrocortisone and Corticos-
terone on the Diurnal Rhythm in Renal Function and
Electrolyte Equilibria in Normal and Addisonian Sub-
jects. JOHN T. FINKENSTAEDT, JOSEPH F. DINGMAN,
DALTONJENKINS, JOHNC. LAIDLAW and JoHN P. Man-
RML,* Boston, Mass.

Nine studies on two normal subjects and two Addi-
sonians on DOCAwere performed. During control ex-
periments, the normal subject showed diurnal rhythm in
C,., C,.,, and adrenocortical hormone excretion. The
Addisonian manifested depressed renal function without
nocturnal decline. With 24-hour administration of hy-
drocortisone (1 mg./hr.) to the Addisonian, there was a
sustained increase in renal dynamics. Slightly greater
effects occurred with 10 mg./hr. The normal subject on
the larger dose displayed a greater increase in renal dy-
namics, but diurnal variation persisted.

In control studies on normal and Addisonian subjects,
electrolyte (Na, K, Cl) excretion was related to changes
in electrolyte filtration rather than reabsorption. In the
Addisonian, a greatly depressed electrolyte filtration pro-
duced a decreased excretion. The normal diurnal varia-
tion was absent. In the Addisonian on maintenance doses
of hydrocortisone, a sustained elevation of filtration pro-
duced increased electrolyte excretion which persisted over-
night. With larger doses of hydrocortisone, slightly
greater increases in filtration produced an initial electro-
lyte diuresis. A subsequent increase in reabsorption
exceeding filtration occurred. Marked NaCl retention
resulted. With large doses of hydrocortisone in the nor-
mal subject, an early electrolyte and water diuresis oc-
curred. Decreased tubular reabsorption, however, was
responsible for this negative balance. As in the Addi-
sonian, a delayed but less marked rise in reabsorption

produced moderate NaCl retention. Persistent potas-
sium diuresis was observed on large doses of hydro-
cortisone.

Corticosterone produced less pronounced changes in
renal function and NaCl equilibria, and a more pro-
nounced potassium diuresis.

The absence of diurnal rhythm in renal dynamics in
DOCA-treated Addisonians may be due to the persistent
action of this steroid or to pure 11-oxygenated corticoid
deficiency. The greater effect of larger doses of hydro-
cortisone on NaCl reabsorption in these Addisonians may
result from additional DOCAeffects or to intrinsic com-
pensatory mechanisms for salt conservation in adrenal
insufficiency.

Cerebral Hemodynamics in Acute Hypotension. FRANK
A. FINNERTY, JR., LLOYD WITKIN and JOSEPH F.
FAZEKAS, Washington, D. C. (Introduced by Harold
Jeghers).
In an attempt to establish quantitatively the critical

rate of cerebral blood flow at which signs of cerebral
hypoxia developed, 46 patients were studied including
young and old normotensives, hypertensives, benign and
malignant, and patients with spontaneous postural hypo-
tension. Cerebral hypoxia was induced by lowering the
arterial pressure acutely with intravenous hexamethonium
and/or by head-up tilting.

Despite the patient's age, original level of arterial
pressure, or original rate of cerebral blood flow, signs of
cerebral hypoxia developed when the cerebral blood flow
was reduced to 31.5 cc./min./100 gm. of brain (standard
error 0.98) and the oxygen delivery to the brain fell to 5
(standard error 0.10). The level of arterial pressure at
which signs of cerebral hypoxia became manifest varied
between 100.7 to 40.9 mm. Hg.

The cerebral vascular resistance fell significantly in
all groups, except in the subjects with spontaneous
postural hypotension and malignant hypertension. In
these 2 groups cerebral hypoxia developed at cotnpara-
tively normal levels of arterial pressure. The cerebral
vascular resistance was the highest in the malignant hy-
pertensive group.

The cerebral metabolic rate did not change and the
cerebral arterial-venous oxygen difference increased in
all patients.

Angina and electrocardiographic changes were absent
during cerebral hypoxia.

Our data demonstrate that there is a critical rate of
cerebral blood flow and oxygen delivery to the brain at
which signs of cerebral hypoxia become manifest and
suggest that the brain is more sensitive to hypoxia than
the heart.

Inulin and NAPara-Amino-Hippurate Clearances, Sodium
and H20 Excretion in Supine Exercising Cardiac Pa-
tients. OscA W. FREMAN, JOSEWHS. WIsoN and
A. J. MmRILL,* Atlanta, Ga.
Other investigators have found consistently decreased

Na excretion in normal and cardiac subjects during ex-
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ercise, irrespective of GFR changes. Twenty four hour
Na excretion studies in this laboratory, with and without
exercise, cast some doubt on these findings.

The present studies, done in supine position to eliminate
postural effect, include 10 cardiac subjects on digitalis
and diuretics. Patients were urged to exercise consis-
tently and strenuously for a 15 minute period. Two types
of responses were noted. In 4 compensated and clinically
milder cardiacs, no consistent change or correlation of
GFRand Na excretion occurred. In 6 more severe car-
diacs GFR consistently fell below 70 cc/minute during
exercise. Without exception, GFR averaged 98.7% and
Na excretion 80.7% of control in milder cardiacs, with
corresponding decrease in RPF. Urine volume changes
independently of GFRand Na excretion. In recovery pe-
riods, Na excretion tended to lag behind GFRin its re-
turn toward control values.

Na exeretion is influenced by several factors and during
control periods it varied irrespective of GFR. During
exercise periods, however, when GFR fell significantly,
Na excretion always showed a comparable diminution.
Fifteen normals responded with no consistent change or
correlation of GFR and Na excretion, as did compen-
sated cardiacs.

These findings suggest that the results of others may
have been due to posture.

Pentapyrrolidinium (M & B 2050) in the Treatment of
Severe Hypertension. EDWARDD. FREis,* EDWARDA.
PARTENOPEand LAWRENCES. LILIENFIELD, Washing-
ton, D. C.
Comparisons were made in the same, previously un-

treated, hospitalized patients between the ganglionic
"blocking" agent pentapyrrolidinium (M & B 2050) and
hexamethonium. The effective dose of pentapyrrolidinium
was approximately 1/Sth that of hexamethonium and the
duration of hypotensive response lasted 40 per cent longer.
On continuous administration there was less development
of "tolerance" and less constipation than with hexa-
methonium. There also was little cross tolerance; patients
on long term hexamethonium treatment, who had become
resistant to the hypotensive effects of that drug requiring
increased dosages, responded to doses of M & B 2050
which were as little as 1/10th to 1/20th the previously
required amount of hexamethonium.

Although oral absorption of M& B 2050 was poor simi-
lar to hexamethonium the hypotensive response following
oral administration was more uniform and predictable.
Constipation was less severe and when present usually
could be controlled with oral neostigmine. Ileus was not
seen. The other side effects of ganglionic blockade were
similar to those observed with hexamethonium. Twenty-
seven patients have been treated for periods of 5 to 8
months on M& B 2050 alone. Twenty-two of these have
been controlled without severe reactions although dosage
adjustment was critical. A few have required parenteral
therapy.

In another group of patients treated with M& B 2050
the addition of reserpine produced further hypotensive
effects in approximately half. l-Hydrazinophthalazine
was found to produce additive effects in a similar per-
centage. Thirty-two patients have been treated for 5
to 8 months with combinations of oral M & B 2050,
reserpine and l-hydrazinophthalazine. Withdrawal of the
latter 2 agents resulted in some increase of average blood
pressures in approximately half of the patients.

It is concluded that M & B 2050, although still pro-
ducing many of the side effects of ganglionic "blockade"
has the following advantages over hexamethonium: (1)
smaller dosage requirement, (2) longer duration of hypo-
tensive effect permitting less frequent administration, (3)
more predictable response to oral therapy, (4) less gas-
trointestinal atony and (5) less development of "toler-
ance."

A Study of the Blood Volume in Congestive Heart Fail-
ure. ROBERTK. FUNKHOUSERand WALTERH. PRrrCH-
ARD,* Cleveland, 0.
Recent studies of cardiac failure using labelled red cells

have failed to demonstrate a significant elevation in blood
volume, a result which is at variance with the findings
of previous investigators using labelled albumin. This
study was undertaken to verify both of these findings and
if possible to interpret their implications.

Twenty hospitalized patients were selected; eleven
controls and nine patients with varying degrees of cardiac
edema. In each patient, red cell and blood volumes were
estimated by the Crc-labelled erythrocyte method of
Gray and Sterling. Venous samples were drawn over a
period of one hour, and immediately thereafter, an in-
jection of I' human serum albumin was given in order
to estimate plasma and blood volumes. Hematocrit of
each blood sample assayed for radioactivity was deter-
mined.

Statistical analysis of the relationship of red cell,
plasma, and total blood volume to height, "wet" weight,
and surface area was carried out for erythrocyte and al-
bumin dilutions. Results for weight and surface area
showed qualitatively similar but quantitatively different
relationships to each measured blood volume. The cardi-
acs demonstrated the following statistically significant
differences from the control group:

(1) By albumin dilution, the plasma and blood volumes
were much greater.

(2) By erythrocyte dilution, red cell masses were ele-
vated; total blood volume was also elevated even when
differences in physical dimensions were considered, but
to a lesser extent than by albumin dilution.

This discrepancy in the extent of the difference can be
explained on the basis of either of two hypotheses ad-
vanced in the past by others: (1) an altered distribution
of red cells in the circulation in congestive failure, or (2)
the presence in congestive failure of a larger than nor-
mal, rapidly equilibrating, extravascular space of albu-
min distribution.
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The Inflenc of Androgen and Estrogen on the Associa-
tion of Lipids tath Serum Globulins; Ultracentrifugal
and Electrophoretic Studies of Problems in Athero-
sclerosis. ROBERTH. FURMAN, R. PALmFa HowAw
and LoYAL L. CONRD,Oklahoma City, Okla. (Intro-
duced by Robert H. Bayley).
This study was supported in part by research grants

from the National Heart Institute (H-1429) and the
Smith, Kline and French Research Foundation.

Estrogens have tended to become associated with
prophylaxis against, or delay in the genesis of athero-
sclerosis, both in chicks (Katz et al.) and human (Barr
et al.). The latter note the greater proportion of cho-
lesterol extractable from serum alpha globulin fractions
in the female and suggest that this alpha lipoprotein-sex
relationship may be the factor responsible for the relative
immunity to coronary atherosclerosis enjoyed by premeno-
pausal women. Lewis, however, has demonstrated that
alpha-l lipoproteins, while more concentrated in women
than men, continue to increase in concentration beyond
the menopause, a time when the female's "immunity" is
lost.

Androgen, especially methyl testosterone, and estrogen,
chiefly conjugated equine estrogens were studied in rela-
tion to their effects on serum lipids and lipoproteins (the
latter by means of the analytical ultracentrifuge utilizing
a solvent density of 1.21 as described by Lewis) and the
electrophoretic distribution of serum proteins.

A variety of human subjects including eunuchoidal
males, postmenopausal females, and patients with pituitary
dysfunction were studied. Hypogonadism in either sex
is associated with increased alpha-i lipoprotein. Andro-
gens (especially methyl testosterone) are consistently ef-
fective -in reducing or eliminating alpha-i lipoprotein.
Premarin failed to block this effect. Alpha-2 and beta
lipoproteins responded less uninformly. Alpha-2 lipopro-
tein tended to decrease and to become ultracentrifugally
distinct from beta lipoprotein as alpha-i lipoprotein in-
creased. Diethyl stilbestrol markedly increased alpha-i
lipoprotein in the normally endrogenic male. Serum
cholesterol and phospholipid relationships during steroid
therapy failed to reveal changes suggesting higher phos-
pholipid concentrations in alpha-i lipoproteins.

Conventional electrophoresis showed no steroid-in-
duced changes indicative of the marked lipoprotein changes
noted with the ultracentrifuge.

It is concluded that the gonadal steroids alter serum
lipoproteins by influencing the amount and/or nature of
lipids associating with globulins. The hypogonadal state
appears to be associated with higher alpha-i lipoprotein
-concentrations in both sexes.

Respiratory and Renal Adjustments to Alterations in Acid-
Base Balance Induced by Diamox, 2-Acetylamino-1,3,4-
Thiadiasole-5-Sulfonamide, in Normals and in Patients
with Chronic Lung Disease. MonTorN GALDSTON,* New
York, N. Y.
Recent studies have demonstrated a linear relationship

between renal tubular reabsorptive capacity for bicarbon-

ate bound base (H - Na transfer) facilitated by carbonic
anhydrase and acutely induced respiratory variations in
arterial pCO, in the regulation of acid-base balance. It
seemed important to compare the respiratory system of
individuals without heart, lung or kidney disease with in-
dividuals with advanced pulmonary emphysema and ele-
vated arterial pCO, with regard to sensitivity to deple-
tion of serum bicarbonate (metabolic acidosis). This
was brought about by ingestion of Diamox, a potent renal
carbonic anhydrase inhibitor, in doses of 2.2 to 6.3 mgmn/
kg. every 6 hours for 1 to 3 months.

Though members of both groups of patients often ex-
hibited approximately the same degree of Diamox in-
duced decrease in serum BHCO, (6.0 to 8.0 mEq/L),
their respiratory response to the resulting calculated fall
in arterial pH (7.18-7.26) varied considerably. Normals
consistently responded with more effective alveolar ven-
tilation, resulting in decreased arterial pCO,. This
caused further inhibition of renal tubular reabsorption- of
bicarbonate bound base to decrease serum BHCO, an ad-
ditional 2 mEq/L. As a result, these individuals were
able to maintain a slightly lowered arterial pH of 7.30
to 7.35. In contrast, the abnormals exhibited either no
respiratory response or one which resulted in at most an
additional fall of 1 mEq/L serum BHCO,. Their re-
spiratory acidosis therefore became more intense and oc-
casionally was complicated by metabolic acidosis. The
potential handicap of such bicarbonate bound base de-
pletion without adequate respiratory compensation is of
considerable clinical importance where further carbon
dioxide retention and/or serum BHCO, depletion is likely
to occur.

Diamox did not induce any specific alterations in min-
ute volume of respiration and gas exchange. Diuresis
was evident only during the first few days of administra-
tion.

The Study of Human Serum Phosphatide Patterns in
Normal and in Pathologic States as Studied by Quanti-
tative Paper Chromatographic Methods. MENARDM.
GEiTL and JACOB Kw.fA, New York, N. Y. (Intro-
duced by Bernard S. Oppenheimer).
Much attention has been given in the past few years

to the role of serum phosphatides in atherosclerogenesis.
Since this lipid fraction is heterogeneous it would be
desirable and of interest to distinguish the differential
changes, if any, in the individual phosphatide components.
Quantitative paper chromatographic methods offered in-
teresting possibilities in that they could be adapted, both
to the quantitative and qualitative microanalysis of serum
phosphatide components such as choline, serine and etha-
nolamine containing types. Such methods have been de-
veloped in our laboratory during the past year permitting
direct phosphatide analysis on stzall samples of ser-um.
Basically the method consists of (a) extraction of the
phosphatide components from serum, (b) hydrolysis of
the phosphatide extracts, and (c) separation of the nitro-
genous components (choline, serine and ethanolamine) of
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the resulting hydrolysate by means of paper partition
chromatography and their quantitative estimation by means
of quantitative colorimetry.

Data will be presented from (a) 22 normal males of
various ages, (b) 32 individuals who have experienced
myocardial infarction, (c) 5 pregnant women at various
stages of gestation, and (d) 25 samples of serum obtained
from cord blood. In addition, data will be presented
showing the differential changes observed in the total
serum phosphatides and the serum phosphatide components
during the administration of various oestrogenic ma-
terials to (a) males with coronary heart disease and (b)
males with carcinoma of the prostate.

Much information concerning the serum phosphatide
pattern has already been accumulated as a result of this
investigation. Phosphatides containing choline (e.g.
lecithin and sphingomyelin) invariably appear to be the
predominant type (60-100 per cent) found in human blood
serum. Practically all the samples analyzed, however, do
contain appreciable amounts of phosphatidyl ethanolamine
and phosphatidyl serine indicting that the so-called cephalin
fraction is heterogeneous. The ratio of phosphatidyl se-
rine to phosphatidyl ethanolamine is variable. In cer-
tain samples serine appears to predominate over ethanol-
amine while in others this situation is reversed.

Coagulation Defect and Hemorrhagic Diathesis Due to an
Acquired Inhibitor of Antihemophilic Factor. ROBRT
GOLDSTEN, Boston, Mass. (Introduced by Samuel
L. Gargill).
A circulating inhibitor of antihemophilic globulin has

been disclosed as the cause of a recently developed bleed-
ing diathesis in a 40 year old male with a negative family
and past history. The disorder was characterized by easy
bruising, spontaneous hematuria, hematomata, and he-
marthroses. Extensive routine clinical and laboratory
investigation revealed no other abnormalities or diseases
including disseminated lupus.

Coagulation studies revealed: normal bleeding time;
prolonged clotting time (30-120 minutes); extremely re-
tarded prothrombin consumption; normal platelets; nor-
mal prothrombin time; normal plasma prothrombin, Ac-
globulin, pro-Spca, fibrinogen, and anti-thrombin activity;
questionably significant increase in plasma anti-thrombo-
plastin (human brain). The defective prothrombin
conversion was as readily rectified by small amounts of
thromboplastin as that of a known hemophiliac, but not
by fresh normal blood or plasna. Moreover, as little
as one part of the patient's plasma to nine parts of freshly
shed normal blood caused retarded consumption in the
mixture. By utilizing the prothrombin consumption test
to determine the atihemophiic, PTC and PTA activity
of plasma and plasma mixtures, the site of action of the
anticoagulant could be delineated. The patient's plasma
did not correct the retarded prothrombin consumption in
hemophilia, but could correct that of PTCand PTA defi-
ciency. Admixture of patient's plasma or serum with

normal plasma markedly reduced the antihemophilic ac-
tivity of normal plasma but left its PTC and PTA ac-
tivities intact, thus indicating the specific inhibition of
the antihemophilic factor. This inhibitor was not adsorb-
able by BaSO, and survived heating at 56° C. for 30 min-
utes. Striking similarities between the clotting abnor-
mality of this subject and that seen in resistant hemo-
philiacs were noted.

The etiology remains obscure. There had been no blood
or plasma transfusions before onset of illness. A history
of alcoholism and exposure to naphtha and gasoline sug-
gest the possibility of a toxic reaction. Cortisone therpy
was ineffective.

The Role of the Adrenals in the Response to Endotoxin.
ROBERTA. GOODand LEWIS THOMAS,* Minneapolis,
Minn.
Increased vulnerability to the lethal effect of gram

negative bacterial endotoxins occurs in adrenalectomized
animals, and this has been interpreted to indicate that
resistance to endotoxin involves adrenal function.

The manifestations of intoxication by endotoxins in
normal animals include fever, leucopenia, prostration, and
the local and generalized Shwartzman reactions. When
repeated injections of small doses are given, a state of
refractoriness develops, during which none of these re-
sponses can be elicited.

It is known that the enhanced susceptibility of adrenalec-
tomized animals is prevented by cortisone. Moreover,
cortisone has been found to protect normal adult rabbits
against the prostrating and lethal effects of meningococcal
endotoxin. On the other hand, no protection against the
local or generalized Shwartzman reactions occurs; in-
stead, the reactions are more readily produced in cortisone-
treated animals. Furthermore, daily injections of corti-
sone prevent the development of the refractory state.

In view of the paradoxical differences between the
effects of cortisone on different toxic manifestations, the
responses to endotoxin in adrenalectomized rabbits were
studied.

Typical local Shwartzman reactions occurred in each
of 12 adrenalectomized rabbits. The generalized reac-
tion, with renal cortical necrosis, was produced in 3.

Normal rabbits were given repeated injections of
meningococcal endotoxin until they were completely re-
fractory to fever, leucopenia, prostration, and the
Shwartzman reaction. At this time both adrenals were
removed. Four days later, the degree of resistance was
found to be unchanged. The refractory state was also
produced in rabbits which had been adrenalectomized be-
fore any exposure to endotoxin.

It is concluded that 1) although the adrenals may be
implicated in some of the reactions to endotoxin, they are
not directly involved in the Shwartzman reaction, and 2)
the development of refractoriness to endotoxin is not a
function of the adrenals.
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Tubular Reabsorption of Protein in Experimental Ne-
phritis. HowAn GOODMANand JAEs BAXTER,*
Bethesda, Md.
With acceptance of the concept of a normal glomerular

filtration and tubular reabsorption of protein, the question
arises whether there is an increase or a decrease in the
tubular reabsorption of protein in instances of proteinuria.
The dye T-1824 has been widely used as a tag for serum
proteins, and specifically in studies of the renal clear-
ance of albumin (Chinard, Lauson and Eder, J.C.I. 31,
895, 1952). In addition, the accumulation of the blue
dye in droplets in the proximal convoluted tubule cells
has been described as a measure of the tubular reab-
sorption of protein in normal and renin-injected rats
(Sellers, Smith, Narmorston and Goodman, J. Exp. Med.
96, 643, 1952). In the present experiments, 2.5 mgm. of
T-1824 is injected intravenously into normal rats and rats
with proteinuria due to anti-kidney serum nephritis and
uranium nephritis. With tubular injury due to the ad-
ministration of uranium, there is less than normal ac-
cumulation of the blue dye in the renal tubules. In rats
with the nephrotic syndrome produced by nephrotoxic
serum, the cortical kidney tubules appear intensely blue
due to the accumulation of dye droplets in the tubule
cells.

These results suggest that tubular reabsorption of pro-
tein is impaired in rats with proteinuria due to uranium
nephritis. In proteinuria due to the administration of
nephrotoxic serum however, the tubules are reabsorbing
greater than normal amounts of protein, and in this in-
stance the proteinuria would seem to be due solely to an
increase in glomerular permeability to protein.

Observations on the Hyponatremia Folloting Mitral
Valvulotomy. ALLAN V. N. GoODYR * and WILuM
W. L GLENN, New Haven, Conn.
Twenty-seven patients subjected to mitral valvulotomy

were studied before and after operation with regard to
the incidence, extent, and mechanism of post-operative
hyponatremia. Balances of water, sodium, and chloride
were carried out on seventeen patients. The serum so-
dium fell below 131 meq./l. in thirteen cases in the im-
mediate post-operative period, the serum chloride fell be-
low 99 meq./l. in all cases but one and below 90 meq./l.
in thirteen cases. The small negative balances of sodium
and chloride were inadequate, by themselves, to account
for the observed hyatremia in all but three cases. In-
tracellular shifts of sodium (using the chloride space as a
reference) were appreciable (over 100 meq.) in only five
patients.

The retention of water (allowing for insensible losses)
was enough to explain the observed hyponatremia in all
but three cases, although the level of fluid intake was not
well correlated with the occurrence of hyponatremia.

These results indicate the presence of an unusually pro-
longed antidiuretic stimulus in these patients, the etiology
of which remains uncertain. Except in a few cases it is

unnecessary to correct the hyponatremia with hypertonic
salt, since it is usually a transient, limited, and essentially
asymptomatic phenomenon.

Quantitative Studies of the Circulation in Aortic Valvular
Disease. RICHARD GORLIN, IAN K. R. MCMILLAN,
MICHAEL B. MATrEEWS, RAYMONDDALEY and W. E.
MEDD, Boston, Mass. (Introduced by Eugene C. Ep-
pinger).
No data are available concerning left ventricular (LV)

systolic pressure, regurgitation volume, LV stroke work
or pressure-flow relationships in aortic valvular disease
because the first two values, necessary in calculation,
cannot be measured directly.

In 1952, McMillan described a cyclic pump wherein
aortic valves could be perfused with water under simulated
in vivo conditions and motion pictures taken of the func-
tioning valve. The hearts of five patients were so studied
at post mortenL From the films stenotic and regurgitant
valve areas were measured planimetrically. Utilizing
orifice formulae relating orifice area, pressure and flow,
with data obtained at prior cardiac catheterization, re-
gurgitant volume and LV systolic pressure were estimated.
Total cardiac output (systemic plus regurgitant) and LV
stroke work were calculated.

In pure stenosis (0.4 cm.' area; normal 4 cm.') LV
systolic pressure and work were twice normal. In simi-
lar stenosis (0.4 cm.') with insufficiency (0.3 cm.' area),
regurgitant volume was one-half systemic, LV systolic
pressure twice and! work thrice normal. In similar stenosis
(0.4 cm.') with tight mitral stenosis, however, because
of the very low cardiac output, LV systolic pressure was
only slightly increased and work was below normal. In
less severe stenosis (0.7 cm.') with insufficiency (0.4 cm.')
regurgitant volume equalled systemic, LV systolic pres-
sure was two and work four times normal.

Remarkably constant LV systolic pressures between
200-250 mm. Hg were found at rest and on effort. Ac-
cordingly, aortic valve gradient and flow had an upper
limit, thus fixing stroke output for each patient. This
appeared related to the orifice phenomenon; as orifice
decreased or flow increased (regurgitation) the exponen-
tial pressure-flow curve became flat so that further in-
creases in pressure effected virtually no increases in flow.
Critical orifice area for pure stenosis was 0.5 cm.', but
was correspondingly larger if there was associated in-
sufficiency.

Brachial Arterial Pulse Wave Contours in Valvular Heart
Disease. DAVID G. GRENEand CHARLESE. MCLEAN,
Buffalo, N. Y. (Introduced by John H. Talbott).
Photokymographic records of intra-arterial pulse pres-

sures have been made at a paper speed of 120 mmper
second with a high frequency blood pressure recording
system. Analysis of the resultant form shows sever
variations among the normal subjects studied, including
smoothly rounded peaks of pressure during systole, double

937



PROCEEDINGSOF THE FORTY-SIXTH ANNUALMEETING

peaks, and notches or slurs on both the anacrotic and
catacrotic limbs. Although the ascent from the diastolic
level to the peak of systole is usually a smooth continuous
curve with no sudden changes in slope, in three out of
26 normal subjects there was an anacrotic notch. Such
a notch was seen more frequently in patients with various
lesions of the cardiovascular system. Two out of four
patients with pure aortic stenosis demonstrated such a

notch. Six out of nineteen patients with mitral valvular
disease and clinically normal aortic valves also showed an

anacrotic notch. It was seen in all seven patients studied
who had aortic stenosis combined with mitral valvular
disease. It was noted in two of seven patients with aortic
insufficiency. In the normal subjects the anacrotic notch
appeared more than 70 per cent of the way up the
ascending limb of systole, and the same high position of
the anacrotic shoulder was noted in the patients with
mitral disease. Patients with pure aortic stenosis, or

with aortic stenosis combined with mitral valvular disease,
had a lower position of the anacrotic notch. Three of the
seven patients with aortic insufficiency showed obliteration
of the dicrotic notch, so that the catacrotic limb was

a smooth unbroken fall.

The Effect of Chelating Agents Upon the Metabolism
of Stable and Radio-Metals. J. GREENBERG, H. E.
HART, R. LEWIN, H. SPENCER, K. G. STERN and D.
LASZLO, New York, N. Y. (Introduced by Louis
Leiter).

Chelating agents present a new tool to study deposition
and removal of physiologic and foreign metals, stable and
radioactive, in man. This report deals with an analysis
of the underlying mechanism of these processes, selecting
as models two radioactive metals which are known bone
seekers. Following the intravenous injection of La' and
of Y' chloride high and sustained plasma levels, high
uptake by liver and low urinary excretion were observed.
It is assumed that these metals, upon being injected into
the blood stream, formed high molecular complexes which
were not excreted by the kidneys but were transferred to,
and mainly deposited in, the liver. After intravenous in-
jection of La' ethylenediaminetetraacetic acid, (EDTA),
Y'0 nitrilotriacetic acid (NTA), Y' EDTA and Y'0
EDTA in the presence of excess Ca-EDTA, the cumu-

lative urinary excretion ranged from < 5% to > 85%o
respectively. These excretory differences are in agree-

ment with the differences in the binding strengths of these
metal chelates. Yttrium injected as EDTA-chelate rapidly
disappeared from the blood stream, diffused into the tis-
sues, re-entered the vascular compartment and large
amounts were promptly excreted in the urine. Yttrium
injected as the NTA-chelate also rapidly disappeared from
the blood stream. There was no evidence of re-entry,
and there was fixation by various tissues, with areas of
concentration in bone, liver, spleen and kidneys. The
urinary excretion was minimal. These differences in the
metabolism of metal chelates may provide a method to
measure the ability of biological systems to dissociate
metal chelates.

Remission in Nephrotic Syndrome in Children Receiting
ACTH. LAWRENCEGRENMANand T. S. DANOWSKI,*
Pittsburgh, Pa.
In attempts to influence underlying disease rather

than just deliver edema 30 children with nephrotic syn-
drome of 22 months duration or less were treated with
ACTH, 100 mgmdaily for 28 days, alone or with nitrogen
mustard, while on penicillin and diets containing 10 mil-
liequivalents of sodium and 150 milliequivalents potassium.

In 15 of 19 patients edema was delivered prior to ACTH
therapy following dextran ("Plavolex"), polyvinylpyr-
rolidone, urea or a sodium-free diet. Of the patients in
whomedema was present at the time the regimen outlined
above was started 11 delivered the excess fluid within two
weeks, one at the end of four weeks and two after cessa-
tion of ACTH; three required paracentesis.

Though decreases in albuminuria and restoration of
serum proteins and cholesterol toward normal began
during treatment, maximum improvement was often not
recorded until several weeks following treatment. Twenty-
eight of the 30 children have been followed for 1 to 26
months: 64% were normal and 28% greatly improved at
the last visit. Relapses, responding to re-treatment, oc-
curred in 21% after remission lasting 3 to 24 months.
There is no evidence that nitrogen mustard improved the
immediate or the end results.

Three patients developed hyponatremia; in two this
followed paracentesis and reaccumulation of ascites. Two
developed convulsions with hypertension and serum so-
dium concentrations of 112 and 116 milliequivalents per
liter; one was left with cerebral atrophy following re-
spiratory failure and anoxia. Temporary mental de-
pression occurred in another patient. Mild upper respira-
tory infections occurred frequently; one patient developed
peritonitis.

At this point the results suggest that the regimen of
ACTH-low-sodium-high potassium-penicillin produces a
high percentage of remissions in the nephrotic syndrome
of children, but that recurrences which respond to re-
treatment are relatively frequent. The marked sodium
restriction may result in sodium deficits and convulsions.

The Location of the Hypothalamic Area Controlling the
Secretion of Thyrotropin by the Pituitary. MONTEA.
GREEnand HowmanERwIN, Bethesda, Md. (Introduced
by Harry Eagle).
Bilateral hypothalamic lesions from anterior commissure

to mammillary bodies were produced in 424 young adult
female rats. Lesions were 0-4 mm. above the base of
the skull and 0-1.5 mm. lateral to the midline. After
allowing 1-2 weeks for post-operative recovery, the ani-
mals were fed 0.15% propylthiouracil for 10-14 days.
Average thyroid weight in 18 similarly fed normal con-
trols was increased from 7-8 mg./100 gm. body wt. to
16.3 ±- 12 mg.; thyroid cell height was also greatly
increased. Of the operated rats, 364 had a normal hyper-
trophic thyroid response and 8 had only slight thyroid
hypertrophy. In 54, thyroid weight was only 4-8.5 mg.
and there was no increase in thyroid cell height. In the

938



AMERICAN SOCIETY FOR CLINICAL INVESTIGATION

last group, the lesions had either destroyed the paraventri-
cular nuclei or were in the midline between the paraventri-
cular nuclei and the infundibulum. In the latter group
there was marked cellular loss or almost total disappear-
ance of the paraventricular nuclei, even though the
paraventricular area was not directly damaged. This area

was not affected in the 364 animals with normal thyroid
response.

Seven of the 8 animals with slight thyroid hypertrophy
had lesions which partially but not completely destroyed
this region. Supraoptic nuclei were usually normal and
their complete destruction did not prevent thyroid hyper-
trophy. Similarly, lesions directly above, rostral, or
lateral to the paraventricular nuclei or its caudally extend-
ing path to the pituitary did not interfere with thyroid
hypertrophy. These findings strongly indicate that the
region of the paraventricular nuclei is intimately con-

cerned with the elaboration of thyrotropin by the pituitary.

Body Fluids and Electrolyte Balance in Myxedema. S. I.
GRmoF7, R. WInrmN, J. EISENBEEGand A. IANNACCONE,
New York, N. Y. (Introduced by L. J. Soffer).

Body fluid distribution was studied in one patient with
primary, and one with pituitary myxedema. Both sub-
jects had normal extracellular fluid (thiosulfate) and total
body water (antipyrine) spaces before treatment. During
the period of thyroid medication both showed temporary
expansion of thiosulfate space with subsequent fall toward
control levels, while the antipyrine space remained essen-

tially unaltered. Both patients showed weight loss and in-
creased urine volume. The subject with primary myx-

edema showed negative sodium and chloride balances (pre-
viously positive), continued positive potassium balance,
and elevated serum mucoprotein and hexosamine during
the period of therapy, suggesting breakdown of extracel-
lular myxedematous tissue. Expansion of thiosulfate
space in both subjects, without comparable change in total
body water, might signify redistribution of body fluid but
more probably represents increased extracellular pene-

trability of thiosulfate ion, with consequent increase in
measurable extracellular fluid space.

It was previously found that in normal individuals
cortisone causes transient increase in extracellular fluid
space without change in body weight. Before thyroid
therapy the patient with primary myxedema received cor-

tisone for 14 days (150 mg./day), which produced no sig-
nificant change in body fluid compartments. After 54
days of thyroid medication the addition of cortisone for 17
days produced increased expansion of thiosulfate space

without altering total body water or weight. Sodium
and chloride balance remained negative, potassium bal-
ance positive, and serum mucoprotein and hexosamine ele-
vated. These findings suggest intensification of thyroid
effect following cortisone administration, with further
breakdown of myxedematous tissue, and indicate that thy-
roid hormone is necessary for production of cortisone-in-
duced increase in thiosulfate space.

Studies on the Stimuating and Depressant Effects of
Acetylcholine on Neuromuscular Function in Man.
DAVID GROB,* RICHARDJ. JOHNS, VicTOR A. McKuSICK
and A. MCGEEHz HARvEY,* Baltimore, Md.
The response to the intra-arterial injection of acetylcho-

line (ACh), the chemical mediator of neuromuscular
transmission, was studied in 26 normal subjects by re-
cording the stimulating and depressant effects of this
compound. Injection of ACh produced prompt stimu-
lation of muscle fibers, attributable to depolarization of
motor end plates, resulting in a visible twitch . This was
followed by depression of neuromuscular transmission,
evidenced by a decrease in the muscle action potentials
in response to maximal motor nerve stimuli and by weak-
ness. The depressant effect of ACh, which was propor-
tional to the logarithm of the amount injected, is at-
tributable to persistent depolarization of motor end plates,
rendering them temporarily incapable of activation.

Precise measurement of these effects of ACh provides
a tool for studying the physiology and pharmacology of
neuromuscular function, and its alterations in disease.
The influence of various types of neuromuscular block on
the effects of ACh was studied. Following injection of
d-tubocurarine there was elevation in the threshold to
stimulation and depression by ACh. d-Tubocurarine block
was reversible by ACh. Following block by decame-
thonium the effects of ACh were not altered, and the block
was not changed by ACh. Following anticholinesterase
compounds, such as neostigmine or edrophonium, the ef-
fects of ACh were greatly enhanced and prolonged. The
degree of block increased with successive nerve stimuli,
probably because of accumulation of depressant concen-
trations of ACh.

Increased reactivity to ACh and prolongation of its
effects were also observed after upper motor neurone
lesions. These changes were not due to decreased cho-
linesterase activity. The most striking increase in re-
activity (20 fold) occurred in a patient who had recently
developed basilar artery thrombosis. Since this patient
also had myasthenia gravis, the increased reactivity is
of interest in view of the suggestion by some that
myasthenia gravis is due to decreased responsiveness to
ACh.

Nucleic Acid Metabolism in Chronic Lymphatic Leu-
kenia, LxoNARDHAmrnroN, NewYork, N. Y. (Intro-
duced by Joseph H. Burchenal).
Adenine -8-C" (200 microcurie, 270 mg.) was given in-

travenously to a patient (age 46) with chronic lymphatic
leukemia. Thirty-three collections of lymphocytes have
been made at intervals over a period of 300 days. The
ribose nucleic acid (RNA) and desoxyribose nucleic acid
(DNA) have been separated from the cells. The indi-
vidual purines from each were separated and their radio-
activities determined.

It was found that adenine was incorporated as such into
the RNA, and to a smaller extent into the DNA, and
that there was an eventual extensive transformation of
the adenine into RNAand DNAguanine. Radioactivity
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of RNAadenine appeared to reach a maximum at day 5

(560 counts/min./AM.) and in RNAguanine at day 14
(180 counts/min./i'M.); activity in DNAadenine reached
a maximum between days 7 to 11 (100 counts/min./WM.).
The DNAguanine reached an activity (70 counts/min./
i&M) equal to that of the DNAadenine on about the 30th
day. The activity of RNAadenine and guanine likewise
reached approximate equality at 30 days and the activities
of the purines in each nucleic acid decreased in parallel
thereafter.

The deciine in activity in both RNAand DNAcould
be divided into two phases-an initial more rapid com-

ponent of approximately 2 months duration and a residual
slow component showing a half-time of the order of 300
days. The decline in activity of the RNAgreatly exceeded
that of the DNAduring the initial period, but during the
latter period the declines in activities of the RNAand the
DNAwere more nearly parallel. The prolonged retention
of the isotope incorporated into the purines was such that
at approximately 300 days, activity in the DNAwas still
more than one-third of the peak activity, and was greater
than that in the RNA.

These results suggest that: (a) leukemic lymphocytes
survive for very much longer periods than have hitherto
been suspected, namely apparently for over a year, or (b)
that leukemic lymphocytes have a remarkable capacity to
re-utilize spleei*elly, and with great efficiency, large frag-
ments of the nucleic acids or nucleoproteins of their
progenitors.

The implications of these observations will be discussed
with reference to the utilization of various precursors by
lymphocytes and other cell types.

Capacity of Seriously Wounded Patients to Produce
Antibody. W. PAuL HAVENS, JR.,* DONG. BocK and
hWIN SIEL, Philadelphia, Pa.
The capacity for production of antibody by young

soldiers with severe inanition and hypoproteinemia as-

sociated with poor healing of wounds or neurologic in-
juries was investigated as one aspect of the metabolism
of proteins in such patients. Fifteen Schick-negative pa-
tients and eleven Schick-negative healthy controls were

inoculated with 50 Lf purified diphtheria toxoid, and the
amounts of circulating antitoxin were determined at fre-
quent intervals during the following month. The serum
albumin before inoculation ranged from 2.04.4 gm.%,

averaging 3.3 gm.%, in the patients, while the amounts
were within normal limits, averaging 4.3 gm.%, in the
controls. There were no significant qualitative or quanti-
tative differences in the patterns of iunologic response
in the two groups. The maximum measured amounts of
antitoxin produced by the patients averaged 38.85 units/
ml. serum, while the controls averaged 2&50 units/ml.
serum. No apparent relationship existed in either group

between the amounts of serum albumin or total proteins
present immediately before inoculation with diphtheria
toxoid and the amount of circulating antitoxin which sub-
sequently developed. There was also no evident relation-
ship between the capacity to produce antibody and the

age of the patient, clinical condition, degree of malntri-
tion, or resistance to infection. The only significant re-
lationship determined in both groups was between the
amounts of circulating antitoxin found before the Schick
test and- the maximum absolute increases in antitoxin
attaied after inoculation of toxoid. In general, the
greater the amount of pre-Schick circulating antitoxin,
the greater was the maximum measured amount subse-
quently attained.

Cardiocirculatory Performance in Atria Flutter. RiTJANE
M. HARvzry, ANDRt COURNANDand M. IRENt. Fujmm,*
New York, N. Y.
A series of nine patients with atrial flutter have been

studied using the cardiac catheterization technique and
measuring cardiac output (Fick principle), blood volume,
right ventricular, pulmonary arterial and peripheral ar-
terial pressures. The basic pressure curves illustrate the
constant occurrence of a mechanical auricular activity
with each electrical flutter wave. Right ventricular and
pulmonary artery curves as well as the atrial curve itself
demonstrate the impact of each of these rapid atrial
systoles. This is in sharp contrast to the pressure curves
in atrial fibrillation where individual atrial systoles
cannot always be identified. Furthermore the pressure
pattern of tricuspid insufficiency, so commonly observed
in atrial fibrillation, rarely occurs in atrial flutter.

A patient without evident heart disease in atrial flutter
has been compared to the group with the arrhythmia and
a variety of intrinsic heart diseases. In this latter group
four patients in congestive failure were acutely digitalized,
and two of these were studied again after conversion
to normal sinus rhythm. Finally two patients in flutter
but not in congestive failure were observed at rest and
during exercise and then under these two conditions after
conversion to sinus rhythm. From the accumulated data
it is evident that this arrhythmia is associated with a low
cardiac output only in those subjects with intrinsic heart
disease, since the blood flow was normal in the one
man without disease. In addition, the resting cardiac
output rose after conversion to sinus rhythm in two sub-
jects, which is reminiscent of observations in atrial fibril-
lation made by other observers. In general, a small pul-
monary artery pulse pressure and a low level of pulmonary
hypertension were found in those subjects with atrial
flutter and congestive failure in contrast to patients in
failure with sinus mechanism.

The Fate of Hydrocortisone-4-C' in Man. LEON HELL-
MAN, H. LEON BWDwW,JEROMEADESMAN,DAvmK.
FUxUSHDIA, J. LAURENczKuLP and T. F. GALLAGHER,
New York, N. Y. (Introduced by C. P. Rhoads).
Hydrocortisone-4-C' was given intravenously to a se-

ries of human subjects in both tracer and therapeutic
quantities and the following observations were made
concerning the metabolism of this principal adrenal hor-
mone.

1. The routes, rate, and amount of excretion have been
defined. 70-80% of the administered radioactivity was
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eliminated in urine within 24 hours at a rate character-
ized by a half-life of 3.6 hours. An additional 6% ap-
peared in urine during the next two days and 9% was re-
covered in feces in four days.

2. The absence of hormone breakdown, as indicated by
loss of C1' from ring A, was established by the failure
to find C1402 in expired air by the most sensitive method
of radiocarbon analysis.

3. The metabolism of the hormone was independent of
the amount administered since the rate and cumulative ex-
cretion were unchanged with amounts of hydrocortisone
from 0.25 to 100 mg.

4. The original hydrocortisone was rapidly subjected to
chemical alteration since 85% of the material excreted
in the urine was in a conjugated form within two hours.
The concentration of the free hormone and its metabolites
in the circulation was measured and, as demonstrated
by isotopic dilution, a minimum of 87% of the circulating
radioactivity was present in a form other than the original
hydrocortisone within fifteen minutes after infusion.

5. By these criteria, the metabolism of hydrocortisone
was shown to be independent of physiologic and pathologic
variations induced by disease.

6. The problem of "tissue demand" for hormone, as
evidenced by alterations in these processes, was explored
in an adrenalectomized oophorectomized patient and no
differences were observed in the fate of tracer doses given
at a time when all replacement thrapy was withdrawn and
again when the tissues of the same subject were saturated
with hormone.

Some Metabolic Effects of Glutathione Given Intra-
venously in Man. DOROTHYH. HENNEMAN,Boston,
Mass. (Introduced by Mark D. Altschule).
Large doses of glutathione (Schwarz "Triptide") were

injected intravenously in three normal men and thirty-one
psychotic patients in a total of forty-nine experiments.
No toxic reactions occurred if certain precautions were
observed.

In the fasting state giving glutathione decreases the total
serum inorganic phosphate, whole blood lactic and pyruvic
acids, plasma citric acid, and alpha-keto-glutaric acid.

Four and twelve gram doses administered during thir-
teen oral or intravenous glucose tolerance tests had no
effect on the normal glucose tolerance. However, larger
doses, i.e. 0.5 gm/kg., increased the normal tolerance of
one normal male and changed the abnormal carbohydrate
metabolism of one psychotic patient to normal. In four
psychotic patients a dose of four grams significantly de-
creased the lactic acid rise observed after administration
of glucose; no change in glucose tolerance occurred with
this small dose.

Glutathione in doses of 12 gm. and of 0.5 gm/kg. had
no effect on the carbohydrate changes induced in the oral
or intravenous glucose tolerance by a one to three day
course of Compound F, or ACTH, in five psychotic
patients and one normal subject.

A dose of 0.5 gm/kg. of glutathione increased the
reaction to insulin in one psychotic patient. The abnormal

carbohydrate response to epinephrine became normal in
one psychotic patient after the administration of glu-
tathione.

Depending upon the dose administered, glutathione in-
creased the fall in total serum inorganic phosphate due
to glucose, levulose, pure sodium d-lactate, insulin, epine-
phrine, and the combined action of ACTHand glucose.

The Mechanism Responsible for Hypercalcuria in Sarcoid.
PHILIP H. HENNEMAN, EVELYN L. CARROLL and
ELEANORF. DEMPSEY, Boston, Mass. (Introduced by
Fuller Albright).
A male patient with sarcoid was investigated with a

complete balance study for calcium, phosphorus, nitrogen,
sodium, potassium, and chloride. The study was di-
vided into 6 days fore-control, 30 days oral cortisone
acetate therapy, and 12 days after-control.

Initially the patient exhibited hypercalcemia and hy-
perphosphatemia and markedly negative calcium and
phosphorus balances. On a diet containing 292 mg. of
calcium, the fecal calcium was only 23 mg. while the uri-
nary calcium averaged 930 mg. per day. Cortisone pro-
duced a fall in the serum calcium, a steplike fall in uri-
nary calcium to a minimum of 216 mg, and a rise in fecal
calcium to a maximum of 417 mg. On discontinuing
cortisone the urinary calcium had risen to 448 mg. per
day by the 12th day.

The mechanism responsible for hypercalcemia and
hypercalcuria in this patient appears, at least partly, to
be an excessive absorption of calcium from the gastroin-
testinal tract in a pattern suggesting hypervitaminosis D.
That excessive absorption is not the entire explanation is
suggested by a urinary calcium excretion markedly in
excess of dietary intake, a relation which could be ex-
plained, however, by the second or parathyroid-hormone-
like action of vitamin D. These two actions of vitamin D
are considered to be:

Fec. Ca - Ser. Ca + - Parathy. - Ur. P --* Ser. P +

Vit. D Fec. P--Ser. P +

Ur. P, +-, Ser. P--- Ser. Ca + - Ur. Ca +
Note is made of the finding of unusually low fecal val-

ues for nitrogen, sodium, and potassium, a finding noted
previously during overdosage with dihydrotachysterol.

In confirmation of this study data are presented from
balance studies on two other patients with sarcoid. In
each instance the finding of a very low fecal calcium
coupled with a very high urinary calcium supports the
suggestion that the mechanism responsible for hypercal-
curia in sarcoid may be excessive endogenous production
of vitamin D-like-substances.

Evidence of a Regulatory Role of the Thyroid in the
Excretion of Nitrogen During Stressful Life Experi-
ences in Man. BASIL S. HETZEL, WILLIAM W. SCHOTT-
STAEDTand WLLIAM J. GRAcE, NewYork, N. Y. (In-
troduced by Harold G. Wolff).
Serum protein bound iodine (P.B.I.) and urinary ex-

cretion of nitrogen, sodium, and potassium before, during,
and after experimentally induced stressful life experiences

941



PROCEEDINGSOF THE FORTY-SIXTH ANNUALMEETING

have been observed in euthyroid and in hypothyroid sub-
jects maintained on dessicated thyroid.

In 14 studies on 13 euthyroid subjects, mean initial
levels were P.B.I. 5.2 gammaper cent, nitrogen excretion
6.4 mg./minute, sodium 112 iAEq./minute, and potassium
48 IEq./minute. During the period of stress (lasting ap-
proximately an hour), increases up to 87 per cent (mean
50 per cent) in nitrogen excretion, up to 443 per cent
(mean 109 per cent) in sodium excretion, and up to 114
per cent (mean 59 per cent) in potassium excretion were
observed. Significant elevation of serum P.B.I. was ob-
served in 7 instances. In 6 such studies on 5 hypothyroid
subjects, mean initial levels were P.B.I. 4.6 gamma per
cent, nitrogen excretion 4.5 mg./minute, sodium excretion
87 #Eq./minute, and potassium 37 #Eq./minute. During
the period of stress increases up to 49 per cent (mean 21
per cent) in nitrogen excretion, up to 185 per cent (mean
69 per cent) in sodium excretion, and up to 45 per cent
(mean 26 per cent) in potassium excretion were observed.
Significant elevation of serum P.B.I. was not observed.

The differences in the increases in nitrogen and po-
tassium excretion in the two groups were significant
(P < 0.05) but the differences in the increases in water
and sodium excretion were not (P > 0.05).

No differences from euthyroid subjects were observed
in one adrenalectomized subject and one Addisonian sub-
ject maintained on cortisone and desoxycorticosterone
acetate.

The findings suggest that the thyroid is exerting a
"regulatory" role in the excretion of nitrogen and po-
tassium during stressful life experiences in contrast to
the "permissive" role of the adrenal cortex.

Studies of Pregnancy in Adrenal-Deficient Women. A
G. HILLS, E. H. VENNING, G. W. WEBSTERand E. M.
RICHARDSON, Philadelphia, Pa. (Introduced by F. C.
Dohan).
The occurrence of pregnancy in two women who be-

cause of severe hypertensive disease had been adrenalec-
tomized (subtotally and totally respectively) permitted
studies concerning the question of "adrenal-cortical like"
activity in the adrenal-deficient pregnant woman. Urinary
elimination of neutral 17-ketosteroids and of neutral re-
ducing lipids' (chemocorticoids) was markedly and pro-
gressively increased in both women from early in the
second trimester until delivery. Biocorticoids (glycogenic
corticoids) were excreted in the urine of both women
during the latter half of pregnancy in quantities amount-
ing to about four times the values observed during the
non-pregnant periods.

The quantity of 17-ketosteroids and of biocorticoids
excreted by these women in the latter half of pregnancy
was in the general range of values observed at correspond-
ing periods in normal pregnancy, and the biocorticoid ex-
cretion was of the order of magnitude encountered in
Cushing's syndrome. In spite of these high values for
urinary steroid excretion, both women were shown to be
vulnerable to the development of acute adrenal insuf-
ficiency during the second and third trimesters of preg-

nancy; and in the one patient who required steroid therapy
at all times, no decrease of hormone requirement ac-
companied pregnancy.

The conjunction of adrenal insufficiency with the very
high values for the urinary steroids, especially the bio-
corticoids, indicates either 1) that pregnancy greatly in-
creases hormone requirement or 2) that during preg-
nancy the urinary excretion of chemocorticoids, 17-keto-
steroids, and biocorticoids fails to afford a roughly quanti-
tative reflection of available (secreted plus exogenous)
cortical hormone, owing to a presumptive alteration of the
usual pathways of steroid metabolism resulting in aug-
mentation of the proportion of secreted steroids and their
metabolites eliminated in the urine. A definitive choice
between these possible explanations is not warranted at
present.

Some Aspects of Kidney Function in Hepatolenticular
Degeneration (Wilson's Disease). ROBERTE. HODGES,
WALTERM. KIRKENDALL, CHARLES SCHWARTZand J.
BURNETTEWILD, Iowa City, Ia. (Introduced by Horace
M. Korns).
The cause of increased renal excretion of amino acids

and copper in Wilson's disease is unknown. Uzman sug-
gested that aminoaciduria causes increased copper ex-
cretion when oligopeptide compounds are in a chelation
complex with copper. The aminoaciduria may result from
competition between free amino acids and peptides for
common tubular transport mechanisms.

We studied four patients with Wilson's disease and
three normal persons with standard renal clearance meth-
ods using insulin and para-aminohippuric acid (PAH) in
protein hydrolysate and determined renal clearances of
copper and amino acid nitrogen. Renal extraction of
PAHwas measured in one patient with Wilson's disease.

Glomerular filtration was within normal limits in both
groups of patients. Renal plasma flow in the Wilson's
disease patients was approximately 2/3 of the normal.
Renal extraction of PAHwas 91 per cent in one patient
with Wilson's disease. During protein hydrolysate in-
fusions plasma levels of amino acid nitrogen rose and
copper remained unchanged in both groups. Clearances
of amino acid nitrogen rose equally in both groups. How-
ever, clearances of copper rose only in the Wilson's dis-
ease patients and averaged about three times pre-infu-
sion rates.

These findings demonstrate a significant reduction in
renal blood flow in this group of patients with Wilson's
disease. With the normal glomerular filtration this sug-
gests abnormal renal vascular resistance. The parallel
rise in excretion of copper and amino acid nitrogen is in
keeping with Uzman's hypothesis of competitive tubular
reabsorption. The findings might also be explained by
postulating a primary tubular defect.

The Role of Regeneration in the Morphogenesis of Ex-
perimental Fatty Cirrhosis. F. W. HOFFBAUER,*
Minneapolis, Minn.
The transformation of a fatty liver to cirrhosis has been

studied in male rats (initial weight 100 grams) fed a
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choline deficient diet. Five recognizable stages are: I,
(10-15 days) centrolobular cells fatty. II, (15-30 days)

all liver cells fatty, centrolobular fatty cyst disintegration
underway. III, (30-0 days) periportal regeneration
(normal hyperplasia). IV, (60-90 days) compression
of centrolobular fatty cysts and formation of fibrous septa
linking central veins. V, (90 days to death, 120-180
days) pathological regeneration-concentric nodular hy-
perplasia.

The manner of liver regeneration, initially of a normal
order (stage III and IV) and later pathological in char-
acter (stage V), appears to determine the pattern of
architectural alteration.

The situation in stage II is comparable to that of an
animal subjected to partial hepatectomy, i.e. there is a
marked deficiency in the number of functioning liver cells.
The response is regeneration-normal hyperplasia. The
multiplication of cells occurs about the small portal triads
where the parenchyma is the least fatty. This periportal
growth of new cells exerts pressure on the disintegrating
fatty cysts (stage III) and, continuing, determines the
location of septa composed of micromembranes (stage
IV). The normal hyperplasia increases the size of the
already large fatty liver. As long as it persists, the liver
maintains a characteristic microscopic picture (fibro-
cirrhosis-normal spatial relationship, lobular pattern out-
lined by fibrous septa). The animal remains healthy.

There is a constant loss of functional tissue as newly
formed cells become fatty. This provides a continuing
intense stimulation for regeneration. Ultimately the
orderly growth of new cells gives way to pathological
regeneration (stage V). Individual concentric hyper-
plastic nodules appear and gradually increase in number.
Normal regeneration apparently ceases and the growing
nodules predominate. The microscopic picture (fibro-
nodular cirrhosis) is one of disorganization; distortion and
compression of the original liver tissue and especially the
intrahepatic veins is apparent. During this stage the size
of the liver usually decreases, the animal loses body
weight and terminally exhibits effusions.

Effects of CO. Retention on Intracellular Acid-base Bal-
ance. DUNCANA. HOLADAY, New York, N. Y. (In-
troduced by E. M. Papper).
Blood and thigh muscle samples were obtained from

15 anesthetized dogs before and after 90 minutes of
normal respiration or induced hypoventilation with an
oxygen enriched gas mixture. These methods of ventila-
tion did not reduce arterial saturation to levels below
the control in 14 experiments. pH, CO, content, oxygen
content and capacity, hematocrit, chloride, sodium, potas-
sium, and water content were obtained on whole blood
and plasma; inorganic phosphate and lactic acid contents
were obtained on plasma. Tissue chloride, sodium, potas-
sium, water, and fat contents were determined. Tissue
CO2 content was analyzed by the method of Danielson
and Hastings. Derived values included: venous blood,
pCO,, buffer base (Singer and Hastings nomogram),
extracellular water and electrolyte contents, intracellular

pH, water and electrolyte contents. Control animals ex-
hibited insignificant changes in the above values. In-
creases in pCO, betwen 74 and 138 mm. Hg maintained
for 90 minutes resulted in an average reduction in plasma
pH of 0.55, and a reduction in buffer base of 15.6 meq./L.
of blood. The mean increase of blood bicarbonate was
only 2.8 mM./L. Intracellular pH was reduced to the
same extent as the plasma pH. The bicarbonate and sodium
and potassium contents of cells remained essentially un-
changed. If a buffer capacity similar to that of blood can
be ascribed to cellular proteins, then decrease in pH
was probably accompanied by the appearance of sig-
nificant amounts of intracellular acids, as yet unidentified.
These changes are also accompanied by a decrease of salt
and water in the blood and an increase of salt and water
in cells. Intermediate pCO. elevations (+30 to +57
mm. Hg) result in similar alterations of a proportionally
smaller magnitude.

Biochemical Determination of Blood and Urine Catechol
Amines as a Measure of Sympathoadrenal Actitity in
Hypertension. S. W. HOOBLER,* A. AGRESTand R. J.
WARZYNSKI, Ann Arbor, Mich.
By the method of Weil-Malherbe (Bioch. J. 51: 311,

1952), it was possible to detect increases in the level of
blood catechol amines under conditions of environmental
stress in some hypertensive patients and a regular decline
in these compounds when sympathoadrenal activity was
suppressed by ganglionic blocking drugs. In two patients,
stressful interviews raised the level of blood catechol
amines from 1.6 to 3.1 and from 4.1 to 5.4 mcg./liter
respectively.

In all seven patients treated with ganglionic blocking
agents, a decline in blood level was noted. The mean
value before treatment was 2.7 mcg./liter and after treat-
ment was 0.47 mcg.

The decline in blood catechols was not proportional
to the degree of reduction of blood pressure, and did not
regularly occur after supradiaphragmatic sympathectomy
(Ds - D.). Twelve normal patients, 2 hyperthyroid, 17
"stable" and 18 labile hypertensive individuals showed no
significant difference in resting blood catechol levels.

The method of Weil-Malherbe was modified for urine
analyses by removing the catechols on an alumina column
at pH 8.4, eluting with 0.2N acetic acid, concentrating
to dryness and separating from each other by paper chro-
matography. In 6 normals, the average 24-hr. secretion
of noradrenaline was 104.7 mcg./24 hrs., adrenaline was
33.2 mcg. and hydroxytyramine 87.6 mcg. Fourteen hy-
pertensive subjects showed no significant differences.

In one case of pheochromocytoma, the urinary catechols
were noradrenaline 2,534, adrenaline 160 and hydroxyty-
ramine 1462 mcg. per 24 hrs.

In conclusion there appears to be an approximate cor-
relation between the blood levels of catechol amines and
sympathoadrenal activity. On the basis of this measure-
ment, no increase can be noted in resting hypertensive
subjects. Their response to stress remains to be studied.
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24-hour urine excretion of the individual catechol amines
can now be measured with fair accuracy, and does not
appear altered in essential hypertension.

Blood (Red Cell) Volume Measured by Carbon Monoxide
and Radiochromium Methods. JAMES HOPPER, JR.,
NORMANNOMOF,ELLEN BROWN,REIDAR WENNESLAND
and KENNETHG. ScoTT, San Francisco, Calif. (Intro-
duced by T. L. Althausen).
CO and Cr-available spaces were determined simul-

taneously under resting conditions in 6 healthy subjects and
29 patients with various diseases. In all but 2 of the 35
subjects, the CO space was greater than Cr5 space, and
the average discrepancy was 16%. The difference in
spaces was of the same magnitude in disease states as in
health. Distribution of both CO and Crt-tagged cells
was complete within 20 minutes, and Cr'1-space remained
nearly constant for 24 hours. It is concluded that (a)
the entire contents of the vascular compartment are
reached by these indicators, and (b) CO is distributed to
a space which is about 16% larger than intravascular red
cell volume. Since the CO reaches its maximum volume
of distribution during the first 20 minutes of re-breathing,
it is assumed that it becomes bound by substances having
affinity for CO similar to that of the hemoglobin in cir-
culating cells. Experiments are in progress to determine
the areas of the body where such combination occurs.
Relative concentration of CO and Cr'1 is determined in
various tissues of the rabbit, including bone marrow. Dif-
ferential measurements of COand Cr'1 spaces may prove
to be a means of estimating stores of non-circulating
hemoglobin-like substances.

Clinical and Sub-Clinical Responses to Poliomyelitis In-
fection in Families. D. M. HORSTMANN* and R. W.
McCOLLUM, New Haven, Conn.
The present study is concerned with factors governing

the incidence of infection among familial and other close
contacts of poliomyelitis cases. Attention was focussed
on the correlation of infection (or its absence) with
immune status, and on the relation of age to clinical mani-
festations of the disease. Such a study is now feasible
because of the introduction of tissue culture techniques
into poliomyelitis research.

The group studied consisted of 32 index cases and their
91 household and daily contacts. Twenty-eight of the
contacts were found to be infected with Type 1 polio-
myelitis virus; 13 of these had symptoms compatible with
the "minor illness," and 15 were asymptomatic. When
the antibody status of these who failed to become infected
was determined, it was found that a number already pos-
sessed Type 1 antibodies, and could therefore be consid-
ered immune. When only susceptibles were considered,
the infection rates were very high indeed: of 73 household
and daily contacts under 15 years of age, 29 were suscep-
tible; of these, 26 (90%) were infected. In contrast, of
the 18 in the age group 15 years old and over, 10 were
susceptible, and only 2 of these (20%) were excreting
virus.

Although infection rates were uniformly high through
0-14 years, the clinical response in different age groups
varied. A trend toward milder infections and less
paralysis was noted in infants and young children when
clinical manifestations of the 60 infected individuals (32
cases and 28 contacts) were analyzed. The ratio of in-
apparent to apparent infections was about 1: 1, in con-
trast to the estimated figures of 100: 1 for the general
population.

Cardiac Output by Body Surface Counting of I' Human
Serum Albumin. REx L. HUFF,* D. D. FELL= and
GEORGEBoGrmus, Seattle, Wash.
A new and simple technique for measuring cardiac out-

put has been devised employing body surface counting
following a single intravenous injection of I' Human
Serum Albumin (HSA). The simplicity, reliability, and
rapidity of the method give great advantages over other
methods. It can be carried out in a physician's office
and can be used to measure the cardiac output of exer-
cising individuals.

The injection of I' HSA is made into the antecubital
vein of man or the femoral vein of dogs and the counting
rate recorded from a narrow-angle scintillation counter
placed on the skin between the first and second ribs at the
left parasternal line. Count rates as a function of time
are obtained which are similar to those obtained by
direct arterial blood sampling. The area under the extra-
polated curve, measured as in the direct eye or radioiso-
tope procedure, is divided into the equilibrium counting
rate. The dimension of the cardiac output thus obtained
is in terms of a multiple or fraction of the subject's blood
volume per unit time. Conversion to liters/min. is
made by taking several venous blood samples for blood
volume determination.

Validity and reliability of the technique are affirmed by
the fact that measured cardiac indices of hospitalized pa-
tients agree with those expected from the history and
physical findings of the patient. Normal individuals have
normal values. Furthermore, simultaneous cardiac in-
dices measured by the Direct Fick Method agree favorably
with this in vivo isotope method.

Up to three separate determinations may be performed
at one visit within a half hour period. In some cases,
further tests are limited by the radiation tolerance doses
for I'; however, repetition is permissible at a later
date.

A Study of the Physiologic Closure of the Ductus Ar-
teriosus in Newborn Infants. HERBERTN. HULTGREN,
FREDERIC L. ELDRIDGE and MARY E. WIGMORE, San
Francisco, Calif. (Introduced by Lowell A. Rantz).
The exact time of functional closure of the ductus ar-

teriosus in the normal human infant has never been de-
termined, although animal experiments have suggested
closure immediately after birth.

To determine this, arterialized capillary blood samples
were obtained from the right hand and foot of 33 normal
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newborn infants and analyzed for oxygen content and
capacity.

31 of the 33 infants showed right hand oxygen satura-
tions of 90% or more, indicating that true arterial blood
was obtained. Up to 3 hours after birth, the oxygen
saturation of blood from the foot was significantly lower
than that from the hand in 9 of 12 cases studied, indi-
cating the presence of a veno-arterial shunt through the
ductus arteriosus. Calculations in these cases indicate the
ductus was contributing from i to i of the total blood
flow in the descending aorta. In infants 3-72 hours after
birth, 7 of 15 cases showed evidence of a veno-arterial
shunt through the ductus. None of the 6 infants over 3
days of age showed any significant difference in saturation
between right hand and foot.

These findings indicate that the ductus arteriosus is
patent, that a veno-arterial shunt occurs in most infants
under the age of 3 hours, and that this may persist in a
significant number of infants up to the age of 3 days. In
those infants showing no difference in hand-foot satura-
tions and in infants over 3 days of age, either the ductus
had closed or the shunt had become arterio-venous.

Low oxygen mixtures (12%) were administered to 4
infants showing no evidence of veno-arterial shunt. Sig-
nificant differences in hand-foot saturations were produced
indicating either re-opening of a closed ductus or reversal
of flow through a patent ductus due to increased pul-
monary vascular resistance.

The Effect of Cortisone and Hydrocortisone on the
Peripheral Utilization of Thyroid Hormone. SIDNEY H.
INGBAR and NORBERTFREINKEL, Boston, Mass. (In-
troduced by Maxwell Finland).
Changes in iodine metabolism have been described dur-

ing induced hyperadrenocorticism or stressing environ-
mental manipulations. Studies were designed to in-
vestigate the mechanisms whereby these changes are
induced.

By a method designed to minimize errors resulting from
mixing phenomena, thyroxine utilization rates were de-
termined in 9 patients on constant diets before and during
the administration of cortisone or hydrocortisone. Thy-
roxine space was calculated daily for 8-16 days as the
quotient of the residual radiothyroxine (administered dose
minus fecal, urinary, and thyroidal collection of radio-
iodine) and the plasma radiothyroxine concentration.
After distribution equilibrium had been achieved, as evi-
denced by constancy of the calculated space, the fractional
daily turnover was determined from the exponential
slope of the plasma concentration. Utilization rate was
calculated as the product of the plasma PBI and the daily
volume turnover (fractional turnover X space).

In 4 patients with primary myxedema and in 3 in whom
thyroid function had been abolished by exogenous hormone,
alterations in pituitary and thyroidal function were elimi-
nated as experimental variables. Daily doses of 75-200
mg. of steroid in these patients and of 25 mg. in 2
patients with panhypopituitarism failed to change uti-
lization rates or PBI's significantly. In the latter pa-

tients cortisone did not directly suppress thyroidal func-
tion, since calculated values of the daily hormone produc-
tion were also unchanged.

These data suggest that during periods of dietary con-
trol, rates of thyroxine utilization are not conditioned by
the availability of 11-17-oxygenated steroids. Hence other
mechanisms must be invoked to explain changes in iodine
economy which follow certain noxious stimuli.

Bacteriophage Typing of Staphylococci in Clinical Epi-
demiology with Observations on Antibiotic Resistance.
GEORGEGEE JACKSONand MARKH. LEPPER, Chicago,
Ill. (Introduced by Harry F. Dowling).
Clinical investigation of infections caused by staphylo-

cocci has been impeded by the lack of a suitable means
of classifying strains within the species except by broad
biologic characteristics. Using 20 staphylococcic bacterio-
phages, 2085 strains of coagulase positive and coagulase
negative staphylococci isolated from 795 persons have
been tested for patterns of lysis. One-hundred-twenty-nine
patterns of strong lysis were observed among 541 coagu-
lase positive strains, and these enabled the identification of
specific strains with a high probability of validity.

The bacteriophage reactions permitted classification
of typeable strains of staphylococci into 4 broad groups
according to the grouping of phages suggested by Williams
on the basis of the association of lysogenic reactions, and
4 additional intermediate groups. Most of the broad phage
groups were represented among cultures taken from dif-
ferent anatomical sites but particular groups showed a
statistically significant increase or decrease in the fre-
quency of occurrence in the respiratory tract. Ninety per
cent of the strains isolated from patients with staphylococ-
cic enteritis in 3 hospitals could be assigned to 2 phage
groups. The distribution of the phage groups among pa-
tients, their contacts, and hospital personnel was not in
the same proportion as their overall representation. Ob-
servations were made on the exchange of strains in persons
within each of these population categories.

The development of resistance to the action of penicillin,
chlortetracycline and erythromycin does not alter the
phage reaction of the strain and statistically significant
differences in the number of sensitive and resistant strains
were observed among the different phage groups for each
of the antibiotics tested.

The Effect of 17 a-Hydroxyprogesterone upon the Urinary
Excretion of 17-Ketosteroids and "Pregnanediol Com-
plex" and its Possible Role in Congenital Adrenal
Virilism. JOSEPH W. JAILER,* JAY J. GOLD, SEymOUR
LEBERtAN and RAYMONDVAN DE WiE3LE, New York,
N. Y.
Previous investigations have shown that the adminis-

tration of ACTH to patients with congenital adrenal
virilism results in no increase in the excretion of formalde-
hydogenic steroids; no retention of sodium; and no fall
in eosinophils (Wilkins et al.; Bartter and Albright;
Jailer et al.), but does result in a marked rise in the 17-
ketosteroid and "pregnanediol complex" excretion. Con-
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sequently, one can postulate that the adrenals of these
patients have difficulty in synthesizing hydrocortisone, and
elaborate instead steroids which are precursors of the
17-ketosteroids and the "pregnanediol complex." Hechter,
Pincus, and others have demonstrated that progesterone
can be hydroxylated by surviving adrenal tissue at the
C-ll, 17, 21 positions to form hydrocortisone. One of
the intermediary steroids formed in this biosynthesis is 17
a-hydroxyprogesterone. This steroid had been pre-
viously isolated from adrenal tissue by North and Pfiffner,
and has been shown to be androgenic when administered
orally to chicks. 17at-hydroxyprogesterone has been ad-
ministered orally to 8 patients; 2 patients with Addison's
disease, 2 patients with hypopituitarism, and 4 patients
with the adrenogenital syndrome whose 17-ketosteroid
excretion was being suppressed with cortisone. In all
cases a rise in the 17-ketosteroid and "pregnanediol com-
plex" excretions occurred. Chromatographic separation
and infra-red identification of the 17-ketosteroid complex
revealed the presence of androsterone, etiocholanolone, and
17-hydroxypregnanolone which are urinary metabolites
usually found in the adrenogenital syndrome. One can
speculate that in adrenal virilism an enzymatic block
exists which prevents the complete hydroxylation (prob-
ably at C-1l and C-21) of steroidal precursors of hydro-
cortisone. This may result in the secretion of excessive
amounts of 17a-hydroxyprogesterone. Since 11-oxygen-
ated 17-ketosteroids are found in high concentrations in
the urine of some patients with virilism, it is possible
that the block in hydroxylation in these patients occurs
only at the C-21 position, and this may lead to the ex-
cessive secretion by the adrenal of "li,B, 17a-dihydroxy-
progesterone" or 21-desoxyhydrocortisone which then is
metabolized to 11-oxygenated ketosteroids.

Studies on the Mechanism of the Anemia of Liver Disease.
JAMES H. JANDL, Boston, Mass. (Introduced by W. B.
Castle).
Red cell survival studies on 20 patients with chronic

alcoholism, hepatic cirrhosis, and macrocytic anemia re-
vealed a hemolytic process proportional in severity to
the degree of anemia. The calculated daily hemoglobin
production and the total urobilinogen excretion of these
patients both averaged 1.5 times normal, and ranged up
to 3 times normal. An increase of hemoglobin values,
associated with persistently elevated reticulocyte levels
and increased numbers of nucleated red cells in the mar-
row, occurred spontaneously in most patients despite little
or no improvement in red cell survival. The rate of
hemolysis was not influenced by cortisone. Except for
initial large red cell volumes and except for loss of
osmometric function together with increase in mechanical
fragility, developing after 24 hours of sterile incubation,
the patients' red cells were not measurably abnormal.
Red cell "flattening" as seen in acute hepatitis and ob-
structive jaundice was not generally present. Serum iron
and serum iron-binding capacity levels were both sig-
nificantly reduced in the presence of normal or excessive
deposits of hemosiderin in the liver and bone marrow.

Abstinence from alcohol was consistently followed by a
rise in reticulocyte levels, occurring independently of diet
and bed rest, suggesting that ingested alcohol suppresses
the marrow response to the anemic state.

Susceptibility of Cells to Viral Infection. KARL M. JOHN-
soN and HERBERTR. MORGAN,*Rochester, N. Y.
Viruses exhibit tissue tropisms and vary widely in their

ability to grow in different tissues in titro as well as
in vivo, but factors responsible for this specificity remain
largely undefined.

A model system, using psittacosis virus and chick em-
bryo tissue, was devised to study this problem in titro.
Cultures of tissue lose their capacity to support virus
multiplication when maintained in a nutritionally deficient
culture medium of glucose and mineral salts. Virus pro-
duction can be initiated subsequently in these cells by the
addition of a chemically defined culture medium (No. 199
of Parker) containing numerous amino acids, vitamins,
and accessory growth substances.

Furthermore, it has been shown that virus can enter
these cells made deficient prior to its introduction in spite
of the fact that multiplication fails to occur subsequently.
Stimulation of virus growth occurs in the absence of cel-
lular proliferation which can be prevented by the addition
of colchicine.

Studies using various components of the chemically
defined medium indicate that (1) fat-soluble vitamins,
(2) certain purines and pyrimidines, and (3) ATP are
not essential for reversal of the deficient state of the
cells while (1) amino acids, (2) B vitamins, and (3)
biological reducing agents are required for initiation of
viral multiplication.

These studies of the nutritional requirements of psitta-
cosis virus in deficient cells provide information concern-
ing the factors which determine whether a tissue will
support growth of a given virus, i.e., tissue tropism.

Studies on the Pulmonary Circulation: Effects of Anoxia,
Exercise, and Hexamethonium in Patients with and
without Thoracic Sympathetic Denervation. WALTER
E. JUDSON, WILLIAM HOLLANDERand JULIA G. Amow-
WOOD, Boston, Mass. (Introduced by Robert W. Wil-
kins).
Of six patients who had had a transthoracic sympathec-

tomy (D-1 to at least D-5) for arterial hypertension and
tachycardia or for Raynaud's Disease, only three were ef-
fectively denervated as indicated by the presence of
Horner's syndrome, by the absence of the peripheral ar-
terial blood pressure "overshoot" to the Valsalva maneu-
ver, and by a relatively fixed pulse rate during exercise.
These three patients during the inhalation of 10 per cent
oxygen for at least 15 minutes had no change in pul-
monary arterial pressures, in cardiac output (Fick), or
in pulmonary "capillary" pressure whereas the three other
patients with incomplete denervations had rises in pul-
monary arterial pressure without changes in cardiac out-
put. In all cases the cardiovascular responses to exer-
cise were normal. After intravenous hexamethonium the
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pulmonary arterial pressures usually fell without con-
sistent changes in the calculated pulmonary arteriolar
resistances.

A thoracic epidural or "differential" spinal block (pro-
caine) was performed on six patients, two of whomwere
in congestive heart failure. On the basis of Homer's
syndrome, pulse rate response to exercise, blood pressure
response to the Valsalva maneuver, and sensory changes,
only three patients had effective sympathetic denervation
from at least D-1 to D-5. In these three patients, prior to
the spinal block procedure there was a rise in pulmonary
arterial pressure during the inhalation of 10 per cent
oxygen (primarily as a result of an increase in the cal-
culated pulmonary arteriolar resistance), whereas fol-
lowing the block there was no change in pulmonary
arterial pressure, in cardiac output, or in pulmonary
"capillary" pressure during anoxia.

Ten patients with compensated arterial hypertension,
eight with mitral stenosis, and four with cor pulmonale
were exercised and given inhalations of 10 per cent oxygen
both before and after intravenous hexamethonium. After
hexamethonium there was a fall in systemic arterial pres-
sure, usually associated with a fall in pulmonary arterial
pressure and pulmonary arteriolar resistance (without a
change in cardiac output). However, when the cardiac
output decreased after hexamethonium, the pulmonary
arteriolar resistance increased, and it also increased when
the lowered peripheral arterial pressure was restored to
normal by intravenous norepinephrine. After hexame-
thonium an increase in pulmonary arterial pressure and
arteriolar resistance still occurred during anoxia. Fol-
lowing hexamethonium patients developed less rise in
pulmonary arterial pressure during exercise than they
had before hexamethonium. Likewise they had a fall in
calculated pulmonary arteriolar resistance during exercise
instead of a rise as before hexamethonium.

It is concluded:
(1) Anoxia induces a rise in pulmonary arterial pres-

sure through the activity of the thoracic sympathetic
nervous system.

(2) Hexamethonium in the dosage used caused changes
in pulmonary circulation apparently secondarily to the
changes it produced in the systemic circulation and not
through direct thoracic sympathetic paralysis.

Alterations in the Nature of the Adrenal Secretion In-
duced by the Prolonged Administration of ACTH to
Rabbits. EDWARWH. KASS,* OscAR HSCHTER, I.
ALDEN MACCEH and THOMASW. Mou, Boston, Mass.
Differences between the effects of adrenocorticotropin

and individual steroids of adrenal origin are becoming
increasingly apparent The adrenal glands of rabbits
were reported to secrete predominantly corticosterone,
yet this steroid did not significantly affect the structure
and ribonucleic acid concentrations of rabbit lymph nodes,
and depressed antibody production but slightly. ACTH,
as well as hydrocortisone and cortisone, exerted marked
effects on the lymph nodes and on antibody production.
The paradoxical response to ACTHled to investigation of

its effect on the adrenal steroid content of adrenal vein
blood.

Corticosterone was found to be virtually the sole steroid
component of adrenal vein blood of untreated control rab-
bits. There was no detectable hydrocortisone or corti-
sone. A single dose of ACTHdid not significantly change
the findings. However, when ACTHwas given for one
week, hydrocortisone was detected in a ratio to cortico-
sterone of 1: 2. WhenACTHwas given for 21-28 days,
hydrocortisone became the predominant steroid, in a 4: 1
ratio over corticosterone, and several unidentified trace
components, not previously present, were demonstrable.
The effects of chronic trauma are under investigation.

Thus, the qualitative nature of the adrenal secretion is
not necessarily fixed genetically. There are probably two
different actions of ACTH; the first is rapid and direct,
and increases the steroid output of the adrenal gland with-
out altering the nature of the secretion. The second ef-
fect is delayed, and may involve changes in the chemical
nature of the secretory product, with different physiologi-
cal and pathological effects.

Cardiac Output and Central Volume in Heart Disease as
Determined by the Dye Dilution Technique. ALBERT
KATTUS, ARTHURRIVEN, AARON COHENand Gn.rT
SoFIo, Los Angeles, Calif. (Introduced by Samuel H.
Basset).
The Hamilton dye dilution technique for the determina-

tion of cardiac output has been used to study the circu-
lation in a variety of clinical states and in a group of
normal subjects. From the slope of the down-stroke of
the semi-logarithmically plotted concentration curves the
central volume was calculated by the method of Newman.
This central volume is believed to be closely related to
the pulmonary blood volume.

Subjects were studied at rest in the post absorptive
state. Cardiac output is expressed as the Cardiac Index
(liters per square meter of body surface area) and central
volume as Central Volume Index (cubic centimeter per
square meter of body surface area). Average values for
Cardiac Index (CI) and Central Volume Index (CVI)
were determined in various categories.

In 7 normal subjects average CI was 3.5 liters per
minute and CVI was 659 cc. In 23 pre-operative mitral
stenosis patients CI was 2.4 and CVI was 481 cc. After
commissurotomy, CI was 2.5 but CVI had increased to
543 cc. In 10 pre-operative aortic stenosis patients CI
was 2.8 and CVI was 557. After valvulotomy CI in-
creased to 3.5 but CVI did not change.

Patients with right ventricular failure (elevated venous
pressure and edema) due to coronary arteriosclerosis and
high output cor pulmonale had large CVI (723 to 1310 cc.).
Those due to hypertension, aortic insufficiency, thyrotoxi-
cosis and low output cor pulmonale had CVI less than the
normal (392-582 cc.).

The studies indicate that congestive heart failure may be
associated with a pulmonary blood volume less than
normal.
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The Correlation of HumanGastric Potentials with Gastric
Secretion as Measured by the Electrogastrogram.
IRWIN KATZKA, FREDECKJACKSON, JR. and HENRY
M. LEMON, Boston, Mass. (Introduced by Franz J.
Ingelfinger).
The electrogastrogram has been studied by others to

diagnose gastric disease but the physiologic significance
of the intragastric potential so measured is not estab-
lished. Investigations restricted to experimental animals
have suggested that these potentials are produced by (1)
the degree of acidity of gastric juice and (2) the elec-
trical energy involved in the production of hydrochloric
acid. Wehave carried out studies in man and have shown
that these potentials are related to the process of secre-
tion rather than change in concentration or acidity of
gastric juice.

Using intragastric saline electrodes, calomel half cells
and a new commercially available potentiometer, we re-
corded the potentials in the fasting stomach and following
the administration of histamine or insulin in 45 normal
subjects. With histamine, the potential increased rapidly
from the fasting level and reached its peak before the
maximum increase in gastric acidity occurred. With in-
sulin, the rise in potential began 25-30 minutes later,
correlating with hypoglycemia and again preceded maxi-
mumacidity. Gastric potentials were not increased by
the introduction of acids, alkalies or gastric juice into the
stomach. Furthermore, histamine produced no potential
change from the stomachs of patients with pernicious
anemia or from the esophagus or duodenum or skin of
normals. In 3 out of 5 cases, intravenous Banthine de-
creased the potential independent of the changes in gastric
pH.

The findings to date suggest that electrical potential is
related to gastric function but it is independent of the
character of gastric juice. The changes in electrical ac-
tivity induced by the aforementioned drugs may be related
to changes in the physicochemical activity of the gastric
mucosa in the process of secretion and/or changes in the
vascularity of the organ.

The Excretion of Acid Mucopolysaccharides in Normal
Human Urine. GACEP. KERBY,* Durham, N. C.
The amount of glucuronic acid excreted in the form of

acid mucopolysaccharides in the urine of normal humans
has been investigated as an approach to studying the
metabolism of these substances. The fraction has been
obtained from urine by the method described by Astrup.

The mean 24-hour excretion of acid mucopolysac-
charides was 3.0 mg± 0.6 (S.D.) and 4.9 mg + 1.3 (S.D.)
in white females and males, respectively. The difference
between the two values was significant (p = < 0.01).
Prostatic massage in one patient did not increase the
amount of the material in urine. The material was pres-
ent in full amount in urine obtained from the renal pelvis
of one patient and thus was not derived to significant de-
gree in this patient from structures lower in the urinary
tract.

The urinary excretion of acid mucopolysaccharides by
humans was markedly increased by the ingestion of glu-
curonolactone (5 gm daily for several days).

Chromatographic studies of a further-purified fraction
of acid mucopolysaccharides from normal human urine
were done by a method developed during the present in-
vestigation. The major component of the fraction had
the same Rf value as chondroitin sulfate and produced a
single spot when mixed with chondroitin sulfate, using
a single solvent system.

The present information was sought to provide a back-
ground for the further study of certain metabolic dis-
orders and hypersensitive states. Such studies are now
in progress.

Alcohol, an Effective Inhibitor of the Release of Anti-
diuretic Hormone (ADH). CHALsES R. KLEEMAN,
MILTON E. RUBINI and EZRA LAMDIN, New Haven,
Conn. (Introduced by John P. Peters).
To evaluate the potential therapeutic effect of alcohol

in conditions characterized by water retention, its ac-
tion on the release of ADH in response to changes in
volume, effective osmolarity and other variables has been
studied. In contrast to numerous factors that enhance
the activity of ADH, only alcohol and water are known
to inhibit it.

Semirecumbent normal men, under various conditions
imbibed 120 cc. of bourbon whiskey. Electrolytes and
freezing point depressions of serum and urine were meas-
ured. Urine flow (cc./min.) was divided into two frac-

tions: Osmolar clearance = Urine osmolarity X UriPlasma osmolarity
flow; and Free water clearance = Urine flow - Osmolar
clearance. Controls without alcohol were made in each
series.

After alcohol free water clearance and urine flow rose,
while excretion of sodium, potassium and chloride fell
and a mild metabolic acidosis developed.

Whena maximum urine flow was produced by sustained
loads of water, alcohol had no effect on urine flow or
free water clearance. It had a similar negative effect on
a patient with diabetes insipidus.

The antidiuretic effect of hypertonic salt solution dur-
ing maximal water diuresis was prevented by alcohol,
which instead caused urine flow and free water clearance
to rise further. Solute without water was, therefore, re-
absorbed in a region of the tubules in which ADHpre-
sumably acts.

Prior alcohol imbibition minimized the antidiuretic ef-
fect of venous congestion of the lower extremities although
excretion of solutes decreased.

The effect of alcohol was modified if it was given sub-
sequent to the stimulation of ADH by hypertonic salt
or venous congestion.

Alcohol did not improve the impaired excretion of water
in Addison's disease.

Conclusions: Alcohol acts upon the supraoptico-hypo-
physeal system to block all stimuli provoking the release
of ADH. This inhibitory action is being investigated in
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clinical states in which excessive activity of ADH has
been hypothesized.

Influence of Antibiotic Treatment on the Rate of Ac-
quisition by Patients of Multiple Drug-Resistant Phage
Group III Staphylococci Indigenous to a Hospital.
VERNONKNIGHT, New York, N. Y. (Introduced by
Walsh McDermott).
At Bellevue Hospital, it was possible to determine the

relative rates of acquisition of "hospital strains" of
staphylococci by newly hospitalized patients receiving
various therapeutic regimens. The determination was
possible because a large majority of "hospital staphylococci"
were of group III phage patterns resistant to penicillin,
the tetracyclines, and streptomycin, in contrast to a
negligible percentage of such strains in admission cultures.
In the study, acquisition rates were estimated for 65 pa-
tient carriers treated with penicillin, the tetracyclines, or
no antibiotics.

Practically all tetracycline resistant strains were "hos-
pital staphylococci," and they constituted about one-tenth
of strains obtained at hospital admission. One-half of ad-
mission strains were penicillin resistant, the excess over
one-tenth being strains not classifiable as "hospital
staphylococci."

The rate of acquisition of "hospital staphylococci" was
greatest among patients treated with tetracyclines, rising
to 86 per cent in the 4-5-day period. It was second
greatest among strains exposed to penicillin, not rising
appreciably from admission values until the second week.
The linkage between tetracycline and penicillin resistance
among "hospital staphylococci" led to the paradoxical
phenomenon that the rate of increase in penicillin resistance
was greatest among strains from patients treated with
tetracyclines. The rate of increase of "hospital staphylo-
cocci" was least among untreated patients.

Thus, there was demonstrated a close correspondence
between the rate of acquisition of drug resistant "hospital
strains" by staphylococcal carriers, and the degree of
susceptibility of the strains they carried on admission to
the agents used in treatment. It is postulated that the ex-
tent of elimination of susceptible strains by treatment de-
termines the degree to which replacement with "hospital
strains" may occur, and this hypothesis is supported by the
observation that there is a low rate of acquisition of such
strains by patients who are untreated.

Studies on Antibodies Eluted from the Erythrocytes in
Autoimmune Hemolytic Anemia. ZACHARIAS D.
KoMNINos and MUZAFFERAKsoY, Boston, Mass. (In-
troduced by William Dameshek).
Antibodies eluted from the red cells in autoimmune he-

molytic anemia were studied with respect to their thermal
range of activity, ability to produce a specific type of
Coombs' serum and reactivity with isolated fractions of
red cell stroma. Twenty-nine eluates were studied from
11 patients with "idiopathic" and 4 with "symptomatic"
hemolytic anemia. Dissociation of antibody from the red

cells was achieved by exposure to low pH, high salt
concentration or high temperature.

Results: The titer of the eluates, even when cold he-
magglutinins were present in the serum, was distinctly
lower at 30 than at 37°. Agglutination was also weaker
in the cold and took longer to develop. Absorption ex-
periments indicated that erythrocytes could remove more
antibody at 37° than at 3°. By injection of eluates into
rabbits, Coombs' sera were produced ranging in titer from
1/4000 to 1/10,000. Coombs' sera of approximately the
same titer were also obtained by injection of coated red
cells from patients with autoimmune hemolytic anemia.
These various sera were non-specific as they could ag-
glutinate erythrocytes sensitized with iso(Rh)-antibodies
equally well. Normal human red cell stroma was ex-
tracted with NaHCO, (fraction I) and with acetone
(fraction II). Only fraction I could neutralize the anti-
body in all eluates tested. Boiling of this fraction de-
stroyed its antibody neutralizing ability.

Concluons: The antibody attached to the erythro-
cytes in autoimmune hemolytic anemia was of the warm
variety in all cases tested. Coombs' sera obtained by in-
jection of eluates or coated red cells into rabbits were
not specific for auto-antibodies. The red cell antigen with
which the eluted antibodies reacted was extractable with
NaHCO, and heat labile, indicating its probable protein
nature. The eluted antibodies of autoimmune hemolytic
anemia have many of the characteristics of "immune"
antibodies.

Influence of Certain Diseases on the Absorption of Vita-
min B, from the Gastrointestinal Tract. JULIUs R.
KREvANS, C. LOCKARDCONLEY* and MARIE SACHS,
Baltimore, Md.
Vitamin B2, labelled with Co was administered orally

to normal individuals and patients with various diseases.
Stools collected for 6 days were dried, pulverized, and
the gamma radiation measured under the same conditions
used for the measurement of the radioactivity of the B.,
administered.

In 16 studies on normal individuals administration of
0.1-0.5 micrograms of labelled B, was followed by re-
covery of 10-47 per cent of the radioactivity in the stool.
Within this range there was no relationship between the
amount of B., administered and the per cent recovered.
With a dose of 1.0 microgram as much as 60 per cent of
the radioactivity was recovered, and with 5.5 micrograms,
more than 70 per cent.

In 23 studies on patients with diseases unrelated to
pernicious anemia, administration of 0.1-0.5 micrograms
of labelled B., was followed by recovery of 1045 per
cent. This group included individuals with achlorhydria,
liver disease, and anemia unrelated to B, deficiency. One
21 year old male with hepatitis and normal gastric acidity
in two studies excreted 67 and 68 per cent.

Eight patients with pernicious anemia excreted more
than 60 per cent of the administered radioactivity of an ad-
ministered dose of 0.5 micrograms. One patient who
appeared to have typical pernicious anemia excreted less
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than 35 per cent in two tests. Further study by the tech-
nique of Schilling indicated apparently normal B. ab-
sorption in this patient.

One of 2 patients with total gastrectomy and 2 of 3
with sprue were found to have impaired absorption.

One patient with megaloblastic anemia, sub-acute com-
bined degeneration, normal gastric acidity, and multiple
diverticula of the jejunum demonstrated markedly im-
paired absorption which became normal during the ad-
ministration of aureomycin. Terramycin failed to pro-
duce normal absorption in a patient with pernicious anemia.

The Metabolism of Intravenously Infused C' Labelled
Cholesterol in Man. GEoRGES. KURLAND, JUDITH L
LUCAS and A. STONEFREEDBERG,* Boston, Mass.
Preliminary observations of the metabolism of C' la-

belled cholesterol following intravenous infusion have
been made in 3 euthyroid patients with angina pectoris. C"
cholesterol, labelled in the 4 position in Ring A, was dis-
solved in saline with Tween 20. Aliquots of plasma, red
blood cells and stools were analyzed at frequent inter-
vals for 13 to 110 days. The specific activity (S.A.) of
cholesterol in various tissues was determined in one pa-
tient who expired 15 days after the infusion.

Following a period of rapid decrease in radioactivity,
the disappearance of labelled plasma cholesterol was not a
simple exponential function but consisted of multiple com-
ponents. The S. A. of RBCcholesterol rose rapidly and
reached equilibrium with plasma free cholesterol 7-14
hours after infusion. The S. A. of the plasma total cho-
lesterol, reflecting the radioactivity of the plasma choles-
terol esters, reached equilibrium with plasma free cho-
lesterol 4-7 days after infusion. In the period immediately
thereafter, the T%of the RBC cholesterol, plasma free
cholesterol, and total plasma cholesterol was 10.8 to 13
days. Subsequent disappearance rates were progressively
slower; in one patient, for example, the S. A. of free cho-
lesterol on day 110 was 84% that on the 80th day after
infusion. A "readily exchangeable cholesterol pool," de-
termined by isotope dilution on day 7 and corrected for
stool excretion, was 26 to 55 grams in the 3 patients.
Daily fecal C' radioactivity excretion was approximately
3% of the administered Co during the first 9 days after
infusion; thereafter, a marked decrease in fecal radio-
activity occurred. Fecal radioactivity was found in the
sterol, fatty acid, and bile acid fractions.

At post mortem examination, in Case 2, the S. A. of
liver cholesterol was the same as that of the plasma.
Progressively lower specific activities were found in
muscle, skin, fat, and atherosclerotic vessel, respectively.

The data are consistent with the hypothesis that the
labelled carbon of the cholesterol molecule has been re-
utilized in the formation of new cholesterol.

The Diurnal Variation in Adrenocortical Secretion. JOHN
C. LAiDLAW, DALTONJENKINS, WILLIAM J. RzDDYand
THEODORJAKOBSON, Boston, Mass. (Introduced by
George W. Thorn).
The diurnal variation in urinary 17-hydroxycorticoid

excretion has been studied on one or more days in 75 nor-

mal subjects. The pattern is almost uniformly charac-
terized by a higher level of excretion between 7 a.m. and
7 p.m. than during the overnight period. The fall in 17-
hydroxycorticoid excretion in the early evening does not
usually persist until the following morning but is fre-
quently succeeded by a rise in urinary levels around 3
a.m. Further confirmation of the predominance of the
daytime excretion of 17-hydroxycorticoids was obtained
from daily studies carried out over a 30-day period in
three normal subjects; on only four occasions did the over-
night excretion of 17-hydroxycorticoids exceed that of
the day.

That the diurnal variation in 17-hydroxycorticoid ex-
cretion reflects predominantly an alteration in adrenal
cortical secretion is suggested by experiments conducted
on patients with Addison's disease given a maintenance
dose of hydrocortisone (1-2 mg. per hour) by continuous
intravenous infusion over a 24-hour period. In these
patients, there was no predominance of day time excre-
tion over that observed during the night.

Investigations of the mechanisms responsible for the
diurnal variation in adrenal cortical secretion have indi-
cated that the characteristic cycle persists despite enforced
inactivity in bed, a reversal of the normal working sched-
ule (night workers), a 24-hour period of starvation, a
24-hour period in which feedings were given every four
hours and a reversal of the normal daytime predominance
in urine output. The administration of ACTHduring the
night, however, leads to a reversal of the diurnal cycle.
Further studies are being carried out in infants to deter-
mine the age at which the characteristic rhythm of adrenal
cortical secretion becomes manifest.

These studies suggest that there is a basic diurnal regu-
lation of adrenal cortical secretion, which is relatively
resistant to changes in extrarenal environment.

The Metabolic Effects of Progesterone in Man. RicHAm
L. LANDAU,* DELBERT M. BERGENSTAL, KATHLEEN
LUGIBIHL and MARYE. KASCHT, Chicago, Ill.
It has been conclusively demonstrated that despite its

restricted anabolic influence on the uterus and breast,
progesterone, in approximately physiological amounts,
promotes a general catabolic process. In three womenand
a man with apparently normal adrenal function 50 mg. per
day of progesterone (intramuscular) induced a daily
nitrogen loss which averaged 1-2 gm. and persisted as
long as the hormone was given (maximum 30 days).
Uric acid excretion rose slightly, but no other indi-
cators suggested an adrenal corticoid influence. Free
urinary alpha amino acids and 17-keto-steroids were not
increased, and circulating eosinophils rose. A moderate
elevation in urinary sodium and a slight chloruresis were
observed during the first four to six days of progesterone
administration, and both elements were retained during
the initial post-treatment phase.

In three patients with Addison's disease treated with
cortisone and desoxycorticosterone the metabolic effects
were much more intense, and the catabolic process con-
tinued for ten days after discontinuing the progesterone.
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The nitrogen loss averaged 2-4 gm. daily. Parallel
losses of inorganic phosphorus and potassium were distinct
and an enhanced creatinuria was observed in one patient.
The increased urinary sodium and chloride excretion were
also greater and more enduring, sodium losses again
exceeding those of chloride. In a fourth Addisonian man-
aged with salt alone progesterone did not affect sodium
and chloride excretion indicating that the natriuresis and
chloruresis were attributable to interference with the
renal effects of salt retaining adrenal steroids.

The greater protein loss induced in patients with de-
ficient adrenals suggests that this catabolic property of
progesterone may be opposed by the adrenals, possibly
by an anabolic secretion. The catabolic effects of proges-
terone and the interaction between it and adrenal steroids
is important in the study of pregnancy, the menstrual
cycle and the growth process itself.

Infrared Spectroscopy of Human Hemoglobins. DANIEL
L. LARSON and JOSEPH MCLAUGHLIN, Washington,
D. C. (Introduced by George A. Perera).
Infrared spectra of normal adult hemoglobin, fetal

hemoglobin, sickle hemoglobin and hemoglobin C have
been studied using a double beam recording infrared spec-
trophotometer. All samples were converted to carboxy-
hemoglobin before examination. Air dried hemoglobin
films, cast from aqueous solution, showed almost complete
loss of electrophoretic mobility. In order to avoid ex-
cessive infrared absorption due to the presence of water,
hemoglobin samples were dried in vacuum from the frozen
state and then dissolved in deuterium oxide or sodium
deuteroxide. Hemoglobin solutions prepared in this man-
ner showed essentially normal solubility and electro-
phoretic mobility.

Deuterated hemoglobin specimens were placed between
silver chloride plates using platinum foil as a spacer and
examined over a pH range up to 11.5. The various
species of hemoglobin demonstrated differences in the
rate of disappearance of the peak at 1545 cm-' (6.47
microns) and the enlarging of the peak at 1440 cm'
(6.93 microns). These rate changes appeared to be
dependent upon the pH at which the examination was
carried out. The significance of these variations in the
infrared spectrum of the human hemoglobins will be dis-
cussed.

Urinary Excretion of Sodium and Potassium During the
Pyrogenic Reaction. WILLOUGHBY LATHEM, New
Haven, Conn. (Introduced by Paul B. Beeson).
Since serum and extracellular fluid electrolyte concen-

trations are usually maintained during fever, corrective
renal adjustments apparently occur. Whether this com-
pensation appears acutely when intrarenal vascular ad-
justments and hormonal mechanisms may be operative or
only during prolonged pyrexia when extrarenal loss and
internal shifts of water and electrolytes have occurred has
not been determined.

The acute (three hours) effects of intravenous triple
typhoid vaccine on urinary sodium and potassium ex-

cretion, glomerular filtration rate (GFR-inulin clear-
ance) and renal plasma flow (RPF-PAH clearance)
were determined in normal subjects. After a latent
period RPF and GFR usually decreased slightly and
sodium, potassium and urine output fell sharply. Since
electrolyte and water excretion diminished independently
of changes in GFR, augmented tubular reabsorption oc-
curred. After 30-45 minutes GFR returned to control
levels, urine output rose, and RPF increased markedly.
Sodium excretion rose abruptly and exceeded control
values significantly in most subjects (on the average by
60%). Potassium output continued to fall or returned
toward control levels. Plasma sodium and potassium and
venous hematocrit changed insignificantly.

Since similar results occurred in febrile and afebrile
(aminopyrine premedication) subjects these acute changes
are not attributable to fever or to extrarenal loss of elec-
trolytes. The transient fall of both sodium and potassium
excretion resembles the acute response to epinephrine/
norepinephrine and suggests that sympathetic discharge
may have been responsible. However, hormonal mech-
anisms do not appear to account for augmented sodium
output during hyperemia. The mechanism of this altered
tubular activity is obscure, but such factors as undetected
internal water and electrolyte shifts or possibly intra-
renal hyperemia alone may have contributed. Since
urinary sodium loss usually does not occur during pro-
longed pyrexia later adjustments apparently abolish this
natriuresis.

The Transfer of Generalized Cutaneous Hypersensitivity
of the Delayed Tuberculin Type in Man by Means of
the Constituents of Disrupted Leucocytes. H. SHER-
wOODLAWRENcE,* New York, N. Y.
It is possible to induce, regularly, immunologically

specific generalized cutaneous hypersensitivity of the de-
layed tuberculin type in animals and man by means of an
injection of leucocytes obtained from sensitive donors.

In the studies outlined below, it has been found in the
human, in contrast to animals, that leucocytes can be
disrupted either by distilled water lysis or by repeated
freezing and thawing and the resultant suspension of
nucleoprotein sediment in cytoplasmic solution retains the
capacity to transfer generalized delayed cutaneous hyper-
sensitivity.

In 6 consecutive instances the constituents of distilled
water lysed leucocytes and in 4 consecutive instances the
constituents of repeatedly frozen and thawed leucocytes,
obtained from the blood of donors sensitive to strepto-
coccal M substance, when injected into M-negative re-
cipients resulted in the development of generalized delayed
cutaneous M substance hypersensitivity in each.

To substantiate this observation and to attempt identi-
fication of the particular cell component(s) involved in
the mechanism of sensitization, the studies were repeated
using tuberculin as the test material.

For 16 tuberculin negative recipients, suspensions of
the constituents of repeatedly frozen and thawed leucocytes
were prepared, on different occasions, from two tuber-
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culin sensitive donors. Each of 8 alternate recipients
received an injection of such untreated suspensions; of the
remainder, 4 recipients received desoxyribonuclease treated
suspensions and 4 recipients received ribonuclease treated
suspensions. In 16 consecutive instances generalized de-
layed cutaneous tuberculin hypersensitivity developed in
each negative recipient and the pattern of response ap-
peared similar in the test and control groups.

The data demonstrate that in the human the transfer
of generalized delayed cutaneous hypersensitivity can be
accomplished regularly with a suspension of the con-
stituents of disrupted leucocytes and suggest that the
mechanism responsible for this effect does not appear
to depend upon the polymerized desoxyribonucleic or
ribonucleic acid components of the donor cell.

The Mechanism of the Osmotic Adjustment of the Body
Cells. ALEXANDER LEAF,* JACQUES Y. CHATILLON,
OLIVE WRONGand ELBERT P. TUTTLE, JR., Boston,
Mass.
There has been renewed interest in the adjustment of

the body cells to changes in extracellular fluid concen-
tration. A solution to this problem was obtained in vivo
by determining the volume of distribution of a large in-
travenous water load from the dilution of the serum
sodium and total solutes.

In fifteen initial experiments, a water load was ad-
ministered rapidly to dogs whose excretion of water was
minimized by Pitressin. The average volume of distri-
bution of the water load was 65.6 ± 3.2% and 63.6 + 2.3%
of body weight as calculated from changes in serum so-
dium and total solute concentrations, respectively. This
measures net movement of water through the body.

To compare the volume of distribution of a tracer
molecule of water which requires no net movement of wa-
ter, simultaneous measurements of total body water con-
tent by D2O were made in 10 additional experiments in
dogs, either nephrectomized or with ureters ligated. The
average total body water was 63.0 + 1.1% of body weight.
The average volume of distribution of the water load was
61.2 ± 1.5% and 67.6 ± 1.8% of body weight as calculated
from changes in serum sodium and total solute concen-
trations, respectively.

The close agreement between total body water and the
volume of distribution of a large water load indicates that
in vivo the osmotic adjustment of the overwhelming ma-
jority of body cells is accomplished by passive entry of
water into the cells. Further conclusions from the data
are: 1) The water load distributes itself so that the ratio
of intracellular to extracellular water is unchanged. 2)
Active transport of water to prevent changes in intracellu-
lar osmotic activity does not occur. 3) Osmotic equi-
librium during dilution is not attained by osmotic inac-
tivation of intracellular solutes or by their extrusion from
the cells. 4) Significant release of sodium from bone or
from within the cells in response to acute dilution does
not occur.

A Blood-born Vasoconstrictor Factor in Hypertensive and
in Normotensive Subjects. RICHARD E. LFz, New
York, N. Y. (Introduced by H. D. Lauson).
With the use of a new method of bio-assay, extremely

low levels of vasoconstrictor activity can be detected in
the body fluids of man and animals. The vasoconstrictor
factor (VCF) present in such liquids as tissue washes,
plasma, urine, and sera can be expressed in standardized
physiological equivalents of epinephrine as gamma/cc.

The plasma level of VCF in hypertension and in nor-
motensive patients and subjeets is equal to 0.0001-0.001
gamma/cc. epinephrine. It is relatively constant in each
individual providing that the blood pressure is stable.
Transient hypertension and severe hypotension are as-
sociated with highly significant increases in plasma VCF.
In certain normotensive subjects, emotional trauma is
accompanied by comparable changes in plasma VCFwith-
out blood pressure change, of note. Preliminary evi-
dence is given associating high plasma levels of VCF
with the "false positive" Regitine test.

The possible significance of this new factor is dis-
cussed in relation to human peripheral vascular physiology.

The Use of Tritium- and Radiocarbon-Labeled Precursors
to Study the Metabolism of Steroid Hormones in Man.
GEORGEV. LEROY, DELBERT BERGENSTAL, R. GORDON
GouLD, HAROLDWERBINand GEORGET. OKITA, Chicago,
Ill. (Introduced by Clayton Loosli).
The role of acetate and diet cholesterol as precursors

of adrenal corticosteroids was investigated by means of
a double-isotope labeling technic, using three patients
who underwent bilateral adrenalectomy and oophorectomy.
For several days before surgery ACTHwas injected; and
tritiated cholesterol was fed daily in sufficient amounts
to provide a nearly constant value for the specific activity
of the plasma-free-tritium-cholesterol.

During the preoperative period, pooled urine samples
were collected and the 17-ketosteroid fractions isolated
were found to contain T-labeled ketosteroids. Approxi-
mately 1 ½-2 hours before the adrenals were removed an
intravenous dose of 1-C`4-acetate was given to "flash
label" the cholesterol currently being synthesized by the
patient The urine collected during the first few days
postoperatively contained, in addition to the T-labeled
steroids, C'-labeled-17-ketosteroid fractions presumably
formed during the two hours before removal of the
adrenals and ovaries. In addition to the urine studies,
determinations were made of the specific activities of
tritium-and carbon 14-labeled adrenal cholesterol, and
of the cholesterol in blood and other tissues obtained at
surgery. The relationship between the specific activities
of plasma-free-T-cholesterol, adrenal-free-T-cholesterol,
and T-17-ketosteroid indicated that diet cholesterol was
a precursor of urinary ketosteroid. The specific activity
of adrenal-free-C14-cholesterol, in every case, was several
times greater than the specific activity of plasma-free-C14-
cholesterol, demonstrating that the ACTH-stimulated
gland synthesized cholesterol rapidly from the l-C14-acetate.
Because of the fact that adrenal-free-C1'-cholesterol
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reached such high values so rapidly it is not possible to
say whether the acetate went directly into steroid hor-
mones, or whether the C'4-ketosteroids were formed from
the newly synthesized C4-cholesterol. The specific ac-
tivity of the urinary. C1'-17-ketosteroid was invariably less
than that of the adrenal-free-C14-cholesterol. To accom-
plish these studies, methods were developed using a liquid
scintillator for the determination of tritium and C' in
the same sample of plasma or tissue cholesterol, and in
pure fractions of urinary steroid.

The Venous Pressure-Volume Curve of the Human Leg
Measured in Vivo. JULIUS LITTER and JAMESE. WOOD,
Boston, Mass. (Introduced by James M. Faulkner).
The purpose of this study was to develop a method for

measuring venous pressure-volume curves of the leg which
would be physiologically valid. Such curves should repre-
sent the effects of known venous pressures on venous
volume.

A constant reference point or baseline value of venous
volume at an effective venous pressure slightly greater
than zero in all the veins was obtained when the horizontal
leg was placed in a water-filled plethysmograph and the
water pressure on the leg was greater than the natural
local venous pressure. The actual venous pressure in the
leg was adjusted to equal an arbitrary pressure in a
venous congesting cuff on the thigh by "titrating" the
water pressure on the leg and recording volume changes.
Then the congesting cuff pressure was increased 30 mm.
Hg by increments of 5 mm. Hg and the corresponding
increases in leg volume were recorded. Experimental
evidence will be presented indicating that these pressure-
volume curves were produced by increasing the effective
pressure in all the leg veins from slightly greater than
zero to 30 mm. Hg by increments of 5 mm. Hg.

The average total increase in venous volume was 4.75
cc. per 100 cc. of leg in healthy young men. Other studies
have shown that the total vascular volume varies be-
tween 1.5 cc. and 1.0 cc. per hundred cc. of leg over
a wide range of external pressures, the venous volume re-
maining constant at an effective venous pressure slightly
greater than zero. Accordingly, the volume and distri-
bution of blood in the human leg are mainly functions of
the effective venous pressure.

The curves are not affected by hemodynamic changes
and are determined by only one variable, the resistance of
the veins to stretch. Therefore they are useful for the
study of venous tone. This will be illustrated by the
effects of epinephrine and norepinephrine.

The Response of Bone, Connective Tissue and Muscle to
Sudden Changes in Extracellular Fluid Composition
and Volume. M. F. LEvITT, L. B. TURNER, A. Y.
SWEETand D. GRIBETZ, New York, N. Y. (Introduced
by Milton Mendlowitz).
Electrolyte and water analyses of cortical (marrow-

free) bone, tendon, and muscle were performed in normal
rats and in rats rendered acidotic, alkalotic, and salt-de-
pleted during a four-hour interval. These states were
produced by intraperitoneal administration of ammonium

chloride, sodium bicarbonate and distilled water, respec-
tively, in amounts calculated to augment total extracellu-
lar chloride or sodium or to deplete total extracellular
salt by approximately 20%.

Chloride acidosis induced: 1. A reduction in extracellu-
lar phase of muscle of 15% as reflected in a reduced so-
dium and chloride space of muscle, together with a pro-
portionately smaller increment in intracellular phase.
2. A fall of 0.025 meq., 0.015 meq. and 0.008 meq. of so-
dium/gm. of dry bone, tendon and muscle respectively,
beyond that attributable to changes in extracellular fluid.

Sodium alkalosis induced: 1. A 10% expansion of the
extracellular phase of muscle as reflected in the increased
sodium and chloride space of muscle, together with a re-
duction in intracellular phase.

Salt depletion induced: 1. A predicted 20% reduction in
the extracellular phase of muscle and a simultaneous ex-
pansion of the intracellular phase. 2. A fall of .020 meq. of
sodium/gr. of dry bone and .015 meq. of chloride/gm. of
dry tendon beyond that attributable to changes in extra-
cellular fluid.

Approximately 90% of cortical bone sodium and a con-
siderable fraction of connective tissue chloride and sodium
do not appear to be contained in the extracellular fluid.
Instead, such stores of salt are probably confined by the
tissue matrix and may, in part, be rapidly released to
maintain extracellular fluid composition and volume.
Acute alterations in extracellular fluid pH appear to pro-
duce immediate changes in the volume of the extracellular
phase of muscle, with reciprocal changes in intracellular
volume.

The Relationship Between Changes in Thyroidal 1 Up-
take and Serum Protein-Bound Iodine Following Thy-
rotropin. RICHARDP. LEvy, LUTHERW. KELLY, JR. and
WILLIAM McK JEFFERIES, Cleveland, 0. (Introduced
by Max Miller).
A single intramuscular injection of thyrotropin (TSH)

in normal persons produces a significant rise in the thy-
roidal uptake of I' and in the serum protein-bound iodine
(PBI) within 24 hours. The former reflects an increased
rate of iodide trapping and the latter an increased release
of thyroid hormone. A question arises regarding the re-
lationship between these two effects of TSH stimulation,
i.e. whether one might be dependent upon the other.

When thyroid extract is administered to normal per-
sons the uptake of I' is depressed, reflecting decreased
endogenous TSH effect, but the response to injected TSH
is still brisk. The PBI response, however, is not so
consistent. After ingestion of comparatively large doses
of thyroid over prolonged periods, no rise in PBI follows
a single TSH injection. Presumably prolonged inhibition
of endogenous TSH results in an atrophic thyroid gland
which is not able to produce a significant rise in PBI in
24 hours, but which can still respond promptly with an
increased trapping of iodide.

Studies of cases of hyperthyroidism following subtotal
thyroidectomy or I' therapy have also produced evi-
dence that these two effects are not necessarily interre-
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lated, even when the thyroid tissue is under strong en-
dogenous TSH stimulation. One patient had a normal
increase in I' uptake in response to TSH, but no rise in
PBI. In this instance the residual tissue was apparently
forming and releasing thyroid hormone at a maximum
rate, but the iodide uptake was not maximal. In two
other patients TSH injection produced no rise in uptake,
but a significant increase in PBI occurred. Here the up-
take mechanism was apparently operating at a maximum
rate, but that controlling the release of hormone was not.

Hence it appears that these two effects of TSH are not
necessarily related, although under normal circumstances
they usually occur together.

Studies of Inactivation and Formation of Antidiuretic
Substance by Hypophysectomized Rats. CHAESW.
LLOYD,* ERIcH H. LoEWY and SOPHIE PIEROG, Syra-
cuse, N. Y.
Normal and hypophysectomized young adult male

Sprague-Dawley rats were pair fed a diet high in calories
and protein which maintained good growth rates in both
groups. The hypophysectomized animals had greater fluid
intake and urine volume than the normal animals. Daily
administration of Pitressin Tannate in oil (1 milliunit/
gram) caused a greater decrease in fluid intake and output
in the hypophysectomized rats and this was maintained
throughout the administration of Pitressin. The normal
animals had a decrease in urine volume lasting for the
first few days of Pitressin Tannate administration but had
no change in fluid intake. Hyponatremia and hypochlo-
remia developed in the normal but not in the hypophysec-
tomized animals. This difference was probably due to
greater dilution in the normals. The livers of the pair-
fed hypophysectomized animals had normal ability to in-
activate Pitressin in vitro. Daily priming with Pitressin
did not alter this ability in either group. Since hypo-
physectomized animals which became cachectic on a diet
of ordinary laboratory pellets had a marked decrease in
hepatic ability to inactivate Pitressin, it appears that this
defect is primarily the result of nutritional rather than
endocrine factors. Serum of recently operated animals had
no activity. Serum of many animals hypophysectomized
for 30 days contained essentially the same amount of anti-
diuretic activity as was found in normal serum. This
suggested that reorganization had taken place, permitting
release of ADH from the hypothalamus. Measurement
of hypothalamic antidiuretic activity demonstrated little
activity immediately after operation. The hypothalamic
antidiuretic activity of animals operated one month was
higher than in normal animals. This activity was con-
centrated in the area containing the median eminence. It
was decreased by dehydration and increased by hydration.
Pentobarbital appeared to increase the antidiuretic ac-
tivity of the hypothalamus.

Melanuria. GEORGED. LUDWIG, Philadelphia, Pa. (In-
troduced by Francis C. Wood).
Melanuria is usually associated with metastatic mela-

noma. However, we have observed it in a variety of dis-
eases, and suggest possible alterations of pigment metabo-

lism that may have caused it. Melanin, or its precursor,
was demonstrated spectrophotometrically, by five specific
chemical tests, and by isolation of the pigment, in the fol-
lowing conditions: chronic liver disease with hyper-
pigmentation, peri-cholecystic abscess, hemochromatosis,
argyria, Addison's disease, and metastatic melanoma.

Melanin is a polymer derived from tyrosine by a series
of reactions involving the enzyme, tyrosinase, and auto-
oxidative steps. In man, the metabolic fate of tyrosine
includes urinary excretion, enzymatic degradation in the
liver, and conversion of small amounts to epinephrine,
thyroxine, and melanin.

In chronic liver disease, the normal mechanism for
metabolizing tyrosine may be depressed as evidenced by
tyrosinemia and tyrosinuria. Increased supply of sub-
strate to tyrosinase may be an important factor leading
to hyperpigmentation and melanuria occasionally seen in
these patients, although other factors are involved.

Local tissue necrosis occurred with the peri-cholecystic
abscess. Pigment production may have resulted from
increasing substrate by liberation of phenolic groups of
proteins, by pH changes, or from decrease of sulfhydryl
groups, which have been proposed as normal inhibitors of
tyrosinase.

Increased dermal melanin deposition commonly found
in hemochromatosis and argyria, and the melanuria may
result from sulfhydryl binding or from direct accelera-
tion of the enzymatic reaction by metal ions. Both phe-
nomena have been demonstrated in vitro.

Melanuria was found in chronic Addison's disease with
hyper-pigmentation, but not in acute surgically induced
hypoadrenalism. The mechanism of increased pigment
production in Addison's disease is unknown, but the re-
cent proposal that the adrenal regulates tissue sulfhydryl
groups is in best agreement with present experimental
data.

Spectral Phonocardiography: Studies of Heart Sounds
and Murmurs with a Modified Bell Sound Spectro-
graph. VIcTOR A. McKusICK, SAMUELA. TALBOTand
GEORGEN. WEBB, Baltimore, Md. (Introduced by E.
Cowles Andrus).
The Bell sound spectrograph was adapted for phono-

cardiography by these modifications: 1) Analyzing pass-
band filter widths of 25-35 c.p.s. provide optimum si-
multaneous resolution in time and frequency. 2) Parallel
recording of EKG, etc., has been instrumented. 3) A
logarithmic display of frequency spectrum has a more
realistic appearance and advantageously "spread out" the
lower frequency range where greater energy content is
concentrated.

Spectral phonocardiograms incorporate all three para-
meters of heart sounds and murmurs in a single, detailed,
analytical display.

Time is displayed on the abscissa, frequency spectrum
on the ordinate; intensity range is represented by degree
of blackness of particular portions of the records (on
electrically sensitive paper). Precise frequency X intensity
analyses at specific points in time are also possible.
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Spectral phonocardiograms resemble the mental images
of cardiovascular sounds. Their interpretation is easy
for the experienced stethoscopist. Their value in teaching
and for permanent clinical records is great. Artefacts
due to ambient vibrations or to electrical interference can
be recognized as such and disregarded.

Quantitative analyses of frequency content are pre-
sented. Some murmurs and altered heart sounds have
frequency components at 1500 c.p.s. or even higher.
Higher frequency components are important in stethoscopy
because of the Fletcher-Munson characteristics of the
ear.

The phonetics of the heart, i.e., the physical basis of
many adjectives used in describing the quality of these
sounds, is elucidated: e.g., "cooing" diastolic murmurs
are characterized by a clear-cut fundamental with har-
monics and a distinctive curvature. Fundamental-har-
monic systems have also been found in musical systolic
murmurs. (The physical basis for the terms applied to
percussion notes, breath sounds, voice sounds, and rales
has been investigated.)

We seek information which is otherwise unobtainable
clinically and which may be useful in the differentiation
of sounds of identical stethoscopic character but different
etiologic, prognostic, and functional significance.

Clinical ApPlication of a Sensitive Method for Detecting
Antihormones in Patients Receiving Pituitary FSH.
WILLIAM 0. MADDOCK,ICHIRO TOKUYAMA,ROBERTB.
LEACHand C. ALVIN PAULSEN, Detroit, Mich. (Intro-
duced by Gordon B. Myers).
Conventional methods for detecting antihormone forma-

tion in patients receiving pituitary FSH are based upon
the ability of the patients' plasma to prevent the effects
of the FSH administered to immature female rats or
mice. These methods are so insensitive that clinical evi-
dence of refractoriness usually appears before antihormone
activity can be demonstrated in the plasma, and anti-
hormones usually are no longer detectable one to three
months after stopping treatment. The antihormones
which develop in patients receiving pituitary FSH prepa-
rations are capable of blocking the action of rat pituitary
FSH. This suggested a sensitive antihormone assay
method, based on the fact that the presumably minute
amounts of endogenous FSH circulating in the immature
female rat are necessary for chorionic gonadotrophin
(CG) to stimulate ovarian estrogen secretion. Thus, to
prevent the action of CG (increased estrogen secretion
as evidenced by enlarged uteri) only enough antihormone
need be present to block the assay rat's endogenous cir-
culating gonadotrophin. This method was compared with
the conventional assay for detecting antihormones in six
patients who received hog pituitary FSH for 2 months
or longer. The "CG method" was 10 to 20 times more
sensitive than the conventional assay and permitted de-
tection of antihormones at the onset of clinical refrac-
toriness and for as long as 12 months after stopping FSH
treatment.

In keeping with the interpretation that the antihormones

block CG action indirectly, by neutralizing the female
rats' endogenous gonadotrophin, the antihormones did not
block the direct, Leydig cell-stimulating action of CG in
male rats which does not require the presence of pituitary
gonadotrophin. In two men having high antihormone
levels as the result of hog FSH therapy, CG therapy
produced a prompt response as judged by increased uri-
nary estrogens and 17-ketosteroids and symptoms of en-
hanced androgen production.

Succinic Dehydrogenase Activity in Tuberculous Animals.
S. P. MARrN;,* S. N. CRAUDHURIand C. D. CooPER,
Durham, N. C.
In studies on the metabolic response of guinea pigs to

tuberculosis it was noted that the non-caseating tissues,
such as kidney, had a low succinic dehydrogenase activity.
This loss of activity was also noted in animals suffering
from hemorrhagic shock. The activity could be restored
by addition of a factor present in normal kidney cortex.

Chromatographic studies of normal tissues on paper and
ion exchange column revealed that a nucleotide was re-
sponsible for activation. This nucleotide contains adenine,
ribose, two phosphate groups and three alpha amino
groups. There is a free sulfhydryl after treatment with
cyanide and Toennes reagent. The factor is thermolabile.
Unchromatographed adenine diphosphate contains an im-
purity that will serve as a basis for the nucleotide when
tissues are incubated with glutathione, cysteine and
cystine. Dinitrophenol blocks the restorative capacity
of the nucleotide. This effect cannot be produced by the
known nucleotides including coenzyme A.

These data would indicate that animals in shock or
severely infected with tuberculosis have a low succinic
dehydrogenase activity. This lowered activity appears
to be related to a lowering of a tissue nucleotide. The
nucleotide may operate in one of three ways: It may re-
move oxalacetate from the system. It may be related
to the Slater factor. Also, this compound might serve as
as a link in oxidative phosphorylation. The latter specu-
lation has the greatest experimental proof. The loss of
this material by the cell may play a role in the patho-
genesis of this disease.

Laboratory and Clinical Studies of a Modified Hemolytic
Test for Tuberculosis. C. MIDDLEBROOK,* H. OZERENGIN
and R. OESTREICHER, Denver, Colo.
The unsatisfactory results obtained by many investi-

gators on application of the originally described hemolytic
test for the diagnosis of tuberculosis led us to investigate
the causes of false positive reactions in this test. The
following causes have been discovered and eliminated:

1. A serologic cross-reaction exists between a com-
ponent of old tuberculin and Staphylococci: a special
method of fractionation of tuberculin has permitted re-
moval of this component from the specific red-cell-sen-
sitizing antigen.

2. A labile red-cell-lyzing substance which appears in
some sera from non-tuberculous individuals can be inac-
tivated by treating the diluted serum with calcium ions
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at 37°C. for two hours before submitting it to the hemo-
lytic test.

3. A serologic cross-reaction between tuberculin and
histoplasmin, causing the sera of certain patients suffer-
ing from histoplasmosis to give a false positive reaction
in the hemolytic test for tuberculosis, can be eliminated by
preliminary absorption of such sera with small amounts
of histoplasmin-a procedure which has no effect on the
titres of sera from tuberculous individuals.

Application of the hemolytic test, modified as a result of
identification of the above causes of false positive reac-
tions, in the study of over 1,300 sera from non-tubercu-
lous groups of human beings gave less than 3% false posi-
tive reactions. The same modified test was applied to
sera from a large number of tuberculous individuals.
Approximately 75% of untreated cases gave "doubtful"
or "positive reactions." It has also been observed that
chemotherapy with isoniazid and streptomycin has a
"provocative" effect on humoral antibodies as measured
by the hemolytic test: more than half of the untreated
cases which gave "false negative" reactions before ther-
apy became serologically positive in the hemolytic test
within a few months after initiation of such therapy.

It is concluded that the modified hemolytic test has
proven useful as a diagnostic test for tuberculosis.

Total Liver Phosphorus: Its Relation to Hepatic Glycogen
Deposition. NANCYNICHoLs, FREDY E. SCHERTENLEIB
and EMERYC. MILLER, Boston, Mass. (Introduced by
Alexander Marble).
Costisone, administered for 18 days, caused a 100%

increase in liver weight in both normal and alloxan-
diabetic rabbits. The increase in liver size was due en-
tirely to the intracellular deposition of glycogen and water.
The percentage of intracellular water in the whole liver
was unchanged and its potassium concentration remained
constant.

In contrast to the increase in concentration of acid-
soluble phosphate associated with hepatic glycogenesis,
the concentration of total phosphate fell from 245 mM/Kg
intracellular water in glycogen-free livers to 126 in livers
in which glycogen constituted 50% of the dry solids. A
constant P: N ratio of 3.73 (mM phosphate: Gms ni-
trogen) was found in all livers. In the intracellular water
of glycogen-free liver, total phosphate was so high that
more than half must have been bound, possibly to protein,
if the criteria of osmotic equality and electroneutrality are
to be satisfied. It is postulated that this excess phosphate,
present in liver but not in muscle, forms an intrahepatic
reservoir of phosphate ions which, as glycogen is de-
posited, can readily change their state, entering the pool
of acid-soluble phosphate and supplying anion equivalence
and osmolar force to the potassium and water which are
deposited with glycogen.

Furthermore, since it appears from these data that no
extrahepatic phosphate enters the liver during glycogenesis,
it is concluded that the fall in serum phosphate associated
with the intravenous administration of glucose is related
exclusively to the peripheral utilization of carbohydrate.

The Role of Venomotor Activity in Circulatory Adjust-
ments. ERNESTB. PAGE, HERBET0. SIEKER, JOHN B.
HICKAM* and WILLIAM W. PRYOR, Durham, N. C.
Venomotor activity is involved in normal and abnormal

circulatory dynamics, but its magnitude and importance
have been difficult to assess. The present study is con-
cerned with methods of measuring venous reactions, the
pattern of normal venomotor responses, and venomotor
abnormalities in cardiovascular disease.

Changes in central venous pressure, reflecting veno-
motor activity in the body as a whole, were compared
with pressure changes in a superficial vein segment iso-
lated by external pressure (Duggan). In sixteen normal
subjects observations have been made on responses to the
Valsalva maneuver, cold, exercise, postural change, and
hyperventilation. After the Valsalva maneuver, which
produced the greatest and most consistent response, there
was a mean rise of 16 mmHg in the vein segment and 4
cm H20 in central venous pressure. Tilting and hyper-
ventilation also caused pressure rises in both regions,
though less marked. With cold and exercise the super-
ficial segment constricted well, but central venous pres-
sure changes were inconsistent. Since the two regions do
not always change together, it appears that different
stimuli can invoke different patterns of venous constric-
tion. This venomotor activity has obvious importance
in controlling the distribution of blood volume throughout
the body.

Four patients with diabetic, idiopathic, and post-sympa-
thectomy hypotension showed markedly impaired or ab-
sent venous responses to the standard stimuli. Stimulation
of a sensitive carotid sinus, or coughing, in a patient with
cough syncope produced simultaneous falls in central ve-
nous and arterial pressures without change in heart rate.
It is concluded that impairment of venomotor activity,
with consequent decrease in venous return to the heart,
plays a significant part in the disability of such patients.

Pituitary Somatotropin as a Growth for Human Mam-
mary Carcinoma. OLOF H. PEARSON,* BRONSONRAY,
CHARLES D. WEST, CHARLES C. HARROLD, JOHN P.
MACLEANand MIx CHiU LI, New York, N. Y.
Oophorectomy and adrenalectomy will induce objective

remissions in patients with estrogen dependent mammary
cancer. Olivecrona and Luft have reported improvement
from hypophysectomy in patients with metastatic mam-
mary carcinoma. The question arises whether hypo-
physectomy induces improvement simply by suppression
of gonadal and adrenal function, or whether there is in
addition a pituitary hormone which is important in main-
taining the growth of breast cancer.

Two women with active metastatic osteolytic mam-
mary carcinoma, who had previously undergone oophorec-
tomy and adrenalectomy with transient improvement, have
undergone hypophysectomy. Both patients have obtained
objective remissions as evidenced by improvement of severe
myelophthisic anemia, cessation of osteolysis, and calcifica-
tion of osteolytic lesions in one patient. The remissions
continue 7 and 3 months after hypophysectomy.
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Beef pituitary somatotropin was administered intra-
muscularly in doses of 100 milligrams daily for 18 days
to one of these patients three months after hypophysec-
tomy, while on a metabolic balance regime. During
growth hormone administration, there was a steady rise
in urinary calcium excretion from 165 milligrams to 408
milligrams per day. There was a concomitant rise in
urinary phosphorus and in fecal calcium and phosphorus
excretion. Nitrogen and potassium balances became
slightly negative during growth hormone administration.
When somatotropin was stopped, urinary calcium and
phosphorus excretion promptly returned to control levels.
These data indicate that growth hormone induced osteoly-
sis presumably due to stimulation of growth of osteolytic
tumor.

These observations suggest that pituitary somatotropin
is an important growth factor for human mammary
carcinoma.

Studies on a Salt Retaining Factor Prepared from Human
Urine. MAURICE M. PEcHET, LERoY E. DUNCAN, JR.,
GRANTW. LIDDLE and FREDERic C. BARTTER,* Bethesda,
Md.
A salt retaining factor was prepared from human urine

by the following method. The urine was acidified to pH
1 with hydrochloric acid, extracted exhaustively with
ether and methylene chloride, and the methylene chloride
extract washed with alkali and water. The carefully dried
extract was subjected to silica gel column chromatography.
Fifteen fractions were eluted. Bioassays for sodium re-
tention and potassium excretion in adrenalectomized dogs
indicated that the active material was eluted with methyl-
ene chloride-methanol mixture. This fraction was sub-
jected to paper partition chromatography in the Pechet
system. The migration rate of the active material was
different from those of cortisone and hydrocortisone. The
material was characterized by ultraviolet absorption, re-
action with alkaline silver nitrate and blue tetrazolium.
Of the various urines studied the material obtained from
urine of patients with cirrhosis and ascites showed the
highest degree of increased activity over that from nor-
mal subjects.

Evaluation of the salt retaining activity of this factor
when administered to human subjects will be discussed.

Abnormalities of Carbohydrate Metabolism of Red Cells
in Hereditary Spherocytosis. THOMASA. J. PRANKERD,
KURTI. ALTMANand LAWRENCEE. YOUNG,* Rochester,
N. Y.
Since many hereditary diseases are known to be due

to defects in intermediary metabolism, experiments were
designed to determine if such an abnormality could be
detected in red cells from patients with hereditary sphero-
cytosis (HS).

Normal and pathological human erythrocytes were in-
cubated with NaH2P'O at 37° C with constant bubbling of
95% 0° and 5% CO, to insure mixing and constant pH.
Phosphate intermediates involved in glycolysis were sep-
arated unequivocally from trichloracetic acid extracts of

"intracellular" and stromal fractions of these cells by paper
chromatography.

Normal erythrocytes take up P"-phosphate from ex-
tracellular medium at reproducible rates, and the distribu-
tion of radioactivity within the cells follows a constant
pattern. 2,3-diphosphoglyceric acid (DPG) bears a pre-
cursor relationship to adenosine triphosphate (ATP) and
both fractions show greater activity than inorganic phos-
phate. Stromal fractions show moderate activity of both
2,3-DPG and ATP with magnitudes and time courses
different from those demonstrated intracellularly. In-
cubation with adenosine has only slight effect on relative
specific activities (RSA's) during the first six hours.

Cells from HS patients, before and after splenectomy,
take up P"-phosphate at the same rate as normal cells,
but relationships among intracellular fractions differ
markedly, the RSAof inorganic phosphate exceeding that
of either 2,3-DPG or ATP. Stromal fractions have low
activities. Cells from certain of these cases incubated
with adenosine show intracellular relationships restored
closely to normal, but stromal activities are not affected.
Phosphate metabolism in cells from other HS cases is
not altered significantly by adenosine. This and other
biochemical findings, together with recent hematological
observations, indicate that the group of cases in this
clinic regarded as examples of HS may not be homo-
geneous.

Results such as these suggest that "inborn errors" of
erythrocyte metabolism may be partly responsible for the
hematological features of hereditary spherocytosis and
other congenital hemolytic disorders.

A Study of the Use of Rb" as a Tracer for Measurement
of Rb" and K' Space and Mass in Intact Manwith and
uithout Congestive Heart Failure. C. THORPERAY,*
SAmTHREEFOOTand G. E. BURCH,* New Orleans, La.
Since rubidium enters potassium metabolic pool, at-

tempt was made to estimate Rbe space and potassium
space and mass, utilizing radiorubidium. Rbe (half-life
19.5 days) provided information about potassium meta-
bolism for prolonged periods (70 days) unobtainable with
K". One control and two subjects with heart failure were
studied under controlled metabolic conditions. Intracellu-
lar (erythrocytes) and extracellular (plasma) compart-
ments were studied simultaneously.

Estimation of space and mass by isotope dilution as-
sumes equilibrium of distribution of isotope in all com-
partments. Absolute equilibrium of distribution was not
achieved since (1) erythrocyte Rbe increased 5-8 days
after injection, whereas plasma Rb" decreased, (2) plasma
Rb" declined independently of erythrocytes and (3) both
plasma and erythrocyte Rb" declined more rapidly than
could be explained by excretion from body. This would
likewise apply to K".

Although estimated potassium space and mass utilizing
erythrocyte space and mass equivalents varied less than
estimations based on plasma determinations, enough
temporal variation existed to indicate unreliability of
calculations based on single observations. Space and mass
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calculated from plasma values increased progressively, re-
flecting more rapid excretion from plasma than from
cellular compartments. Increased potassium intake caused
more rapid Rb" loss from plasma than erythrocytes,
marked increases of space and mass utilizing plasma space
and mass equivalents, but only slight increases using
erythrocyte space and mass equivalents. Therefore, in es-
titnating space and mass of substances, the major com-
partment should always be sampled, i.e., for primarily in-
tracellular substances (Rb, K), the intracellular compart-
ment, and for primarily extracellular substances (Na, a),
the extracellular compartment.

Utilizing average erythrocyte values Rb" space was
54.6, 49.1 and 43.5% body weight and potassium mass
was 136.7, 104.3 and 91.0 grams or 0.196, 0.186 and
0.164% body weight for control, patient with moderate
CHF and severe CHF respectively. These values in-
creased slightly on higher potassium intake.

The Relation of Urinary Ammonia to Urine pH. FLOYD
C. RECTOR, JR., ALBERT D. ROBERTS, JR. and JOHN
COPENHAVER,Dallas, Tex. (Introduced by Ben Fried-
man).
The rate of hydrogen ion secretion has been considered

to be the factor regulating ammonia excretion. To eluci-
date this relationship, H+ formation was selectively
blocked by giving rats carbonic anhydrase inhibitor
(Diamox) for 14 days. Urine was analyzed for pH,
titratable acid, and ammonia. Serum and muscle elec-
trolyte composition was determined. Activities of glu-
taminase and carbonic anhydrase were measured in kidney
homogenates.

Diamox resulted in a sustained rise in urine pH and
fall in titratable acid excretion. Despite the alkaline
urine, ammonia excretion rose from 1.71 +.20 meq. daily
in controls to 2.27 ± .25 meq. daily with Diamox alone
and 2.32 ± .28 meq. daily with Diamox + KCI. Parallel-
ing the increased ammonia excretion renal glutaminase
activity rose from 788 +39 units (M NH./100 mgm.
dry kidney/hour) in controls to 2246 ± 487 units with
Diamox alone and 1910 + 193 units with Diamox + KCG.
Intracellular K decreased from 51.4 + 1.2 meq./100 gms.
fat-free dry muscle (FFDM) in controls to 37.9 ± 6.1
meq./100 gm. FFDMin experimental animals.

Potassium deficiency cannot be responsible for ac-
celerated ammonia excretion in rats given Diamox, since
correction of the potassium deficit prevented neither in-
creased ammonia excretion nor increased glutaminase
activity. The possibility of intermittent Diamox inhibi-
tion, with consequent post-inhibitory rebound phenomena,
was eliminated by giving the inhibitor at 4-8 hour inter-
vals. Following a single injection of Diamox there was
still approximately 25% inhibition of carbonic anhydrase
activity at the end of 8 hours. Therefore, significant
inhibition was maintained at all times.

Increased urinary ammonia in an alkaline urine indi-
cated that ammonia excretion was at least partially in-
dependent of urine pH. It is suggested that the imcreased
ammonia excretion was the consequence of increased renal

glutaminase activity, which may have been related to
changes in intratubular acid-base equilibrium.

Mitral Stenosis: The Effects of Digoxin uith Ezercise.
E. A. S. REID, A. B. JUDD, D. J. MACINTOSH, I. G.
MILNE, T. R. HALE and M. McLAUGHLIN, Montreal,
Canada. (Introduced by J. S. L. Browne).
Although investigators have reported upon the effects

of Digoxin on the function of the human heart modified by
mitral stenosis while the patient was at rest, the effect
of this drug during exercise appears to have been ne-
glected. The present paper is a preliminary communica-
tion on this apparently unexplored problem.

Eleven patients with mitral stenosis were studied.
Cardiac catheterization was performed and pressures and
outputs determined. Exercise by leg flexion was carried
out for five minutes and the data recorded. One milligram
of Digoxin was administered intravenously. Studies were
repeated after one hour.

Four patients, compensated and with normal rhythm,
showed minor changes only, following digitalization.

Three patients, decompensated and with auricular
fibrillation, showed improvement at rest in rate, output
and diastolic pressures. With exercise there was little
improvement over the control period. Diastolic pres-
sures rose to a less degree.

Three patients, decompensated but with normal rhythm,
showed the most improvement. The outputs were in-
creased at rest and with exercise following Digoxin. At
rest diastolic pressures fell but systolic pressures were
unchanged. With exercise, there was a marked rise in
systolic pressure during the control period but following
Digoxin there was no rise at all.

These studies suggest that Digoxin has an effect, not
only on the failing ventricle but also on the failing auricle
when this auricle has a normal rhythm. Wehave shown
that Digoxin has markedly improved the function of ex-
ercising "mitral stenotics" in failure when sinus rhythm
is present, and that this improvement is absent when the
auricle is fibrillating. In decompensated mitral stenosis
after exercise, we conclude that Digoxin has a greater
beneficial effect when normal rhythm is present than
when the auricles are fibrillating.

Factors Influencing the Growth of Megaloblasts In Vitro:
Effect of Vitamin B-12, Folinic Acid (CVF), A-
Methopterin and Colchicine. EDWARDH. REISNER, JR.
and HARoLD T. SWAN, New York, N. Y. (Intro-
duced by L. Emmett Holt, Jr.).
Others have reported that megaloblasts grown in sus-

pension cultures in PA serum showed normoblastic
"ripening" with the addition of folic acid, but not with
B-12 unless the latter was accompanied by intrinsic factor
contained in normal gastric juice. We found that using
their technique (a modified Osgood culture) when grown
in suspension in PA serum for 48 hours megaloblastic
marrows from PA patients showed a mean increase of
nucleated red cells per mm' of 308; 561 with added B-12;
282 with intrinsic factor; 490 with B-12 plus intrinsic
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factor, and 1028 with CVF. Only the latter change was
statistically significant (p < .05). Maturation of cultures
was accompanied by disappearance of megaloblasts and
increase of normoblasts, more marked in the presence of
B-12 or CVF. In contrast, when grown on chick plasma
clots or glass surfaces B-12 alone appeared to be strongly
stimulatory and to restore normoblastic hematopoiesis.
(CVF was not tested by the latter methods.)

The increase of cells in megaloblastic marrow sus-
pension cultures could be blocked with colchicine indi-
cating it was due to mitosis. Normoblastic marrows
showed no greater increase of nucleated red cells after 48
hours when CVF was added than in the control. A-
Methopterin caused a decrease in cells which was com-
pletely reversed by CVF but not by folic acid.

Failure of suspension marrow cultures to be stimulated
markedly by B-12 in contrast to cultures on clots and
glass surfaces is surprising. Possibly, the minute quan-
tities of B-12 present in relapsed PA serum are inadequate
to support the more vigorous growth of the latter cultures
but suffice for the limited mitotic activity in suspension.
Since both B-12 and CVF must be present in minimal
amount for mitosis, under such circumstances the amount
of CVF present in the suspension could become the major
factor influencing growth.

These studies fail to support the hypothesis that B-12
must be "activated" by intrinsic factor to function in
hematopoiesis.

Studies in Endothelial Capillary Permeability: II. Con-
gestive Failure. ALEXANDERP. REMENCHIKand ROB-
ERT M. KARK,* Chicago, Ill.
Reliable methods for simultaneous determinations of

red cell mass (space) and human serum albumin space
were developed. These were applied to measurement of
the spaces in patients with heart disease, before and after
successful therapy of congestive failure. Red cell mass
measures intravascular space. In congestive failure it is
"normal" and does not change following successful
therapy. Albumin space measures intravascular space
plus an unknown portion of the extravascular compart-
ment. The albumin space is increased in congestive fail-
ure and this implies that endothelial permeability to
albumin is also increased, since albumin space shrinks to
"normal" after therapy. Using data from others, to-
gether with our own observations, an hypothesis for the
pathogenesis of congestive failure is presented and the
physical findings in this condition are explained. In
patients with heart disease, the decrease in myocardial
efficiency produces a change in permeability of the
capillary endothelium; the development of this change
needs study. Transfer of protein to the extravascular
compartment causes a fall in the quantity of intravascular
protein and a transient decrease in intravascular volume.
Homeostatic mechanisms for maintenance of blood volume
are activated, among which is retention of sodium and
water. These, with protein, enter the extravascular com-
partnent. In addition, there occurs a reflex spasm of the
venous "off-flow system" which leads to increased periph-

eral resistance and distention of the large veins. The
above mechanisms account for the cold, cyanotic extremi-
ties, the distended liver, the distended veins, and the raised
venous pressure seen in congestive failure. Peripheral
space may be relaxed by injection of TEACwhich pro-
duces a fall in venous pressure and loss of venous dis-
tention in patients with congestive failure.

Biochemical Sequence of Events After Insulin Adminis-
tration to Diabetic Rats. ALBERT E. RENOLDand A.
BAIRD HASTINGS, Boston, Mass. (Introduced by
Kendall Emerson, Jr.).
Whereas effects of insulin added in vitro to skeletal

muscle preparations can be demonstrated with ease, ef-
fects of insulin added in vitro to hepatic tissue are most
difficult to obtain. Indeed, the only clear-cut effect of
insulin added in vitro to isolated liver tissue concerns
the incorporation of acetate into fat, while attempts to
demonstrate an insulin action on glycogen deposition,
glucose utilization or glucose oxidation to CO2, have
been negative. This is particularly puzzling since marked
differences between normal and diabetic liver incubated
in vitro have been shown. In this study an attempt has
been made to define the biochemical sequence of events
during the reversion of diabetic liver metabolism towards
normal by insulin administration.

Glucagon-free insulin was administered to diabetic rats
in doses sufficient to depress the blood glucose level to
normal within 6 to 12 hours. Animals were sacrificed 10
minutes, 1, 6, 24 and 48 hours after the beginning of in-
sulin administration and livers and diaphragms were re-
moved. The livers were sliced and incubated with C14-
labelled glucose, fructose, glycerol, pyruvate and acetate.
Substrate utilization, total glucose phosphorylation, sub-
strate incorporation into glycogen, into glucose and into
CO2 were measured. The marked differences between
normal and diabetic liver metabolism were again demon-
strated. In addition, it was found that whereas in
diaphragm insulin exerts maximal effects within 10 min-
utes to 1 hour after its administration, in hepatic tissue
insulin effects on all measurements did not begin until
6 hours, normal values being reached between 24 and 48
hours only.

This observation accounts for the inability to demon-
strate effects of insulin added to liver in vitro, and further
emphasizes the probable complex nature of insulin action.
Possible implications as to treatment of diabetic acidosis
will be discussed.

Protein-Binding of Thyroxine in Normal and Nephrotic
Serum. J. RoBBINS, J. E. RALL and M. L. PETRMANN,
New York, N. Y. (Introduced by R. W. Rawson).
The thyroxine in normal human serum is bound largely

to a specific protein with electrophoretic mobility inter-
mediate between alpha-i and alpha-2 globulin (barbital
buffer, pH 8.6). The thyroxine-binding capacity of this
specific protein was studied in five normal serums. Syn-
thetic 1-thyroxine-I" was added in titro in concentrations
from 0.01 to 10 micrograms per ml.; and the distribution
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of radioactivity among the proteins separated by paper
electrophoresis was determined. The pattern of distri-
bution changed very little until the total serum thyroxine
content reached approximately two to three times nor-
mal. At higher concentrations, thyroxine was found in
increasing amounts in all protein fractions, but albumin
became the major carrier. Essentially all of the thyrox-
ine was bound to protein at even the highest concentra-
tions, as shown by ultracentrifugation. Exchange be-
tween endogenous and exogenous thyroxine was demon-
strated by the addition of unlabeled thyroxine to serum
containing endogenously labeled thyroxine.

The derangement in iodine metabolism in the nephrotic
syndrome includes a low serum organic iodine level, and
a low BMRwhich is unresponsive to thyroxine adminis-
tration. The serum thyroxine-binding protein in three
patients with nephrosis was studied as described above.
At low concentrations, thyroxine was bound largely to
protein resembling the normal thyroxine carrier in elec-
trophoretic mobility and in ultracentrifugal sedimentation.
Excessive amounts of thyroxine, however, were carried
to a large extent in the beta globulin, and the amount
associated with albumin varied directly with the albumin
concentration. The thyroxine-binding capacity of the
specific protein, while possibly somewhat below normal,
was adequate to bind at least the normal serum thyroxine
content. A reduction in this protein does not, therefore,
appear responsible for the lowered serum iodine in
nephrosis.

Effects of Potassium on the Renal Tubular Reabsorption
of Bicarbonate. KATHLEEN E. ROBERTS, HENRY T.
RANDALLand HAROLDSANDERS, New York, N. Y. (In-
troduced by Thomas P. Almy).
The renal reabsorption of bicarbonate and the excre-

tion of titratable acid, potassium, phosphate, and am-
monium have been studied in human subjects during meta-
bolic (hypokalemic) alkalosis, and in dogs a) during
respiratory acidosis and b) following acute reductions in
glomerular filtration rate. Each patient was studied a)
during a five-day control period, b) during hypokalemic
alkalosis, and c) following administration of potassium.
Calculations of the amount of base-bound bicarbonate
reabsorbed per 100 cc./glomerular filtration rate shows
that the hypokalemic patients reabsorbed 3.2 to 3.4 mEq./
100 cc./glomerular filtration rate, as compared to the
normal reabsorption of 2.7 to 2.9 mEq./100 cc. of GFR.
Following the administration of potassium, the bicarbo-
nate reabsorption returns to normal coincident with cor-
rection of the plasma alkalosis. During the hypokalemic
period, the urinary excretion of titratable acid, am-
monium, and potassium decreased in comparison to the
control period. Quantitatively, the increase in absorption
of bicarbonate bound base could not be accounted for by
the renal tubular exchange of hydrogen, ammonium, or
potassium ions for sodium.

Experiments were carried out on dogs to determine the
effects of potassium on the increased bicarbonate reab-
sorption: a) as described in conjunction with respiratory

acidosis and which has been attributed to elevation of
plasma pCO2, and b) as reported following acute reduc-
tions in glomerular filtration rate. In both situations the
administration of potassium decreased the renal tubular
reabsorption of bicarbonate to normal values. These
studies and data to be discussed suggest that alterations
in intracellular pH consequent to changes in intracellular
concentrations of potassium, bicarbonate and pCO, condi-
tion the renal reabsorption of bicarbonate in situations of
hypokalemic alkalosis and respiratory acidosis.

Affinity of Gentisate for Connective Tissues Demonstrated
by Fluorescence in the Ultraviolet. BETTY S. ROOFand
JOSEPH C. TURNER,* New York, N. Y.

A part of the problem of the mode of action of anti-
rheumatic drugs concerns whether they may be actually
bound by connective tissues or exert their action less
directly. Fluorescence microscopy has been applied by
others to the study of the distribution in vivo of a number
of aromatic compounds, and the claim has been made
that salicylate "lacks connective tissue affinity." How-
ever, a systematic study of the distribution of antirheu-
matic substances appears to be wanting.

It was decided to examine the behavior of gentisate,
because 1) gentisate has a far greater intensity of fluores-
cence than other antirheumatic agents, 2) it has relatively
low toxicity, and 3) salicylate is oxidized in part to
gentisate in the body and this conversion may indeed be
essential to its action.

Mice and rats were injected intravenously with solu-
tions of gentisate and sacrificed a few minutes later.
When viewed with the eye in ultraviolet light, intense
fluorescence was shown by the connective tissues such as
tendon, cartilage, and subcutis. Viscera and muscle
fluoresced dimly or not at all.

The technique can be refined by the application of ultra-
violet microscopy. Meanwhile, the finding indicates that
at least one active antirheumatic drug has an affinity in
vivo for connective tissue. It would appear that an ex-
tension of the studies might provide useful information
about certain aspects of the metabolism of these com-
pounds.

For example, it has been possible to show in vitro that
fragments of cartilage or tendon immersed in a watery
solution of gentisate for 30 minutes exhibit fluorescence
that persists after washing under the tap or after standing
overnight in physiological saline. This indicates that the
fluorescence observed in vivo is due to binding of gentisate
by some element of connective tissue.

The Arresting Effect of Heparin Upon the Development
and Course of Experimental Nephrosis. RAY H.
ROSENMAN,SANFORD0. BYmEsand MEYE FRIEDMAN,*
San Francisco, Calif.
The injection of rabbit anti-rat kidney serum into the

rat induced a nephrotic state, characterized, as in man,
by albuminuria, edema, ascites, lipemia, and hypercho-
lesteremia.
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Administration of heparin was found to prevent or pro-
foundly modify the development of this nephrotic syn-
drome if it were given either before or concomitantly with
the injection of the anti-kidney serum. Thus, complete
prevention of the syndrome was accomplished in a series
of rats given a continuous intravenous injection of heparin
immediately following the injection of potent anti-kidney
serum and almost complete prevention, in three different
series of rats given heparin intermittently following the
administration of the specific serum. Thus the marked
edema, ascites, lipemia and hypercholesteremia noted in
the control injected animals were not observed in the
rats also treated continuously with heparin. Serum in-
jected rats given intermittent injections of heparin like-
wise failed to exhibit edema and ascites and showed only
a minimal rise in serum lipids and cholesterol as com-
pared to the control animals. The specific suppressive
effect of heparin was demonstrated by the emergence of
the full-fledged nephrotic state in the experimental rats
48 hours after discontinuance of the heparin therapy.

Administration of heparin to animals already exhibiting
the nephrotic state also was found to depress markedly,
their lipemia and hypercholesteremia. Possible therapeu-
tic applications to clinical nephrosis will be discussed.

Plasma Thromboplastin Antecedent (PTA) Deficiency
in Man: Clinical, Coagulation, Hereditary and Thera-
peutic Aspects. ROBERT L. ROSENTHAL, New York,
N. Y. (Introduced by Arthur M. Fishberg).
In previous studies, an hereditary, hemophilia-like dis-

ease was discovered in 2 sisters and their maternal uncle
who showed prolongations in the clotting time in the range
of 20 to 30 minutes and abnormal prothrombin utilization.
The clotting factor deficient in these cases, designated as
plasma thromboplastin antecedent (PTA), was found to
differ in properties from antihemophilic globulin (AHG)
and plasma thromboplastin component (PTC). PTA is
essential for the normal generation of thromboplastin dur-
ing coagulation.

Studies on other members of the original family of
PTA deficient patients revealed that PTA deficiency can
also occur to a lesser degree characterized by a normal
clotting time, normal to moderately prolonged heparin
clotting time and impaired prothrombin utilization.
These studies also established that PTA deficiency is
transmitted by or to either male or female as a simple
autosomal dominant trait.

Eighteen patients in 12 families (10 females, 8 males)
have so far been diagnosed as PTA deficient Except
for the original 3 cases with prolonged clotting times, the
clotting times in these patients have been normal. Many
of these patients have been previously diagnosed as having
either thrombasthenia or vascular defects. Hemorrhagic
manifestations in these cases usually follow surgery or
trauma and seldom occur spontaneously. Severe hemor-
rhage often follows tooth extractions and tonsillectomy.
Purpura and joint involvement rarely occur. The ad-
ministration of stored, refrigerated plasma has been
found to correct the clotting defect and is effective in

controlling hemorrhage or as a prophylactic measure prior
to surgery.

These studies are significant in that many instances of
unexplained, abnormal bleeding can now be attributed to
PTA deficiency and can be effectively treated or pre-
vented.

Auscultatory Determination of Arterial Pressure at
Wrist and Ankle. DAVID A. RYTAND* and SAMUELH.
BOYER, IV, San Francisco, Calif.
Because the usual clinical methods yield erroneously

high values for arterial pressure when the standard cuff
is applied to large extremities such as thighs, use of a
wider cuff has been recommended. But wider cuffs are
not always available, nor has optimal width been estab-
lished. Wehave found that the standard cuff is satisfac-
tory on the legs, as well as on the arms of even grossly
obese subjects, when it is applied just proximal to ankle
or wrist. Auscultation at the appropriate artery is fa-
cilitated by removal of the plastic portion of the stetho-
scope bell. The method is practicable in all but hypo-
tensive patients with faint Korotkow sounds.

In 53 recumbent normal adults, average systolic pres-
sure by auscultation was 6 mm. Hg lower in the radial
than in the brachial artery, mean diastolic pressure
(muffling) 6 mm. Hg higher; the discrepancy was less
than 20 mm. Hg in 90% of observations (not quite simul-
taneous). In the posterior tibial and dorsalis pedis ar-
teries, systolic pressure was 2 mm. Hg and diastolic pres-
sure 5 mm. Hg above brachial levels; these values re-
sembled those at the popliteal artery distal to a wider
cuff at the thigh.

In 20 hypertensive patients, mean pressure relation-
ships were as above, with greater individual variations.
With aortic insufficiency, findings were similar but for
Hill's elevation (30 mm. Hg) of posterior tibial systolic
pressure. Discrepancies between muffling and disappear-
ance of sound at diastolic levels were 3 times greater at
the brachial than at the radial artery. In 3 patients with
mammoth obesity, radial and ankle pressures were far
below brachial ones (60-140 mm. Hg systolic, 20-85 mm.
Hg diastolic); this was not so with obesity of ordinary
degree. Results following operation for coarctation of
the aorta were readily followed.

Clinical, Metabolic and Genetic Studies in Myotonia
Dystrophica. AvERY A. SANDBERG, FAYETTFE E.
STEPHENS and FRANK H. TYLER,* Salt Lake City,
Utah.
In personally examining the members of 15 kindreds in

which myotonia dystrophica was found more than 100
affected individuals were observed. Nearly all were resi-
dents of the local rather small population, indicating that
this disease is among the most common of neuromuscular
disorders in this locality. Although the disease showed
a wide spectrum of expression, in most cases the involve-
ment was rather typical. The following features were
usually present: myotonia, muscular atrophy in a char-
acteristic distribution, subcapsular cataracts, gonadal in-
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sufficiency, frontal alopecia, and peripheral trophic and
vasomotor changes, sometimes with Raynaud's phenome-
non. A high proportion of the patients had cardiac
dystrophy. Progress of a barium meal through the intes-
tine was frequently slow and irregular. Absorption of
certain substances (glucose, iron) was delayed. These
changes are probably the result of involvement of smooth
muscle. The incidence of mental deficiency was greater
than in patients with other muscular dystrophies or in
the general population.

In 17 of these individuals detailed metabolic and endo-
crine studies were performed. Because certain of the
clinical features resemble myxedema and basal metabolic
rates are low, others have suggested that hypothyroidism
is an etiological factor in the disorder. Wehave demon-
strated normal I' uptake by the thyroid gland in these
patients; the low metabolic rate is probably due to the
loss of muscle mass. Although in contrast to other mus-
cular dystrophies, creatinuria was irregular in these cases
of myotonia dystrophica, serum creatine levels were usu-
ally elevated. Adrenocortical function was normal, al-
though the 17-ketosteroid excretion in the urine was low
in patients with testicular atrophy.

Inheritance of the trait was consistent with that of an
autosomal dominant. Although penetrance appeared to
be complete there was an extremely wide range of ex-
pression of the trait.

Antibody Synthesis in Vitro. JAY P. SANFORD, CUTTING
B. FAVOURand ERICKA LINDSAY, Boston, Mass. (In-
troduced by John G. Gibson, II).
The demonstration of a humoral immune factor by

Pfeiffer and Marx in 1898 and the implication of the
spleen playing a major role in its production stimulated
numerous investigations concerning the sites of antibody
synthesis. The present studies were undertaken to obtain
further data on the role of the circulating lymphocyte in
relation to that of splenic cells in the immune response.
The antigen used was the enzyme urease. Antibody
(anti-urease) was measured by the inhibition of am-
monia and of carbon dioxide release from a urea sub-
strate by a known quantity of urease. The injection of
this material into rabbits produced high levels of cir-
culating antibody.

The determinant group in the urease to which the anti-
body appears directed is not that portion of the molecule
which is responsible for its enzymatic action, as demon-
strated by the poor "anti-urease" activity where the
specific antigen-antibody complex was not removed from
solution by centrifugation.

Our data clarify further the role of the circulating
lymphocyte and its relationship to splenic cells in the
immune response. Both the spleen and circulating
lymphocytes from an immune rabbit contain a quantity
of specific antibody which is released upon incubation
in sitro. Cellular respiration may be inhibited by toluol
without affecting this release of antibody. An additional
quantity of antibody is produced by splenic tissue in vitro
if metabolic activity is allowed to continue. In contrast

the lymphocyte, while metabolically active, is unable to
increase the amount of antibody released in vitro.

This circulating antibody is produced in association
with plasmacytic maturation, at least within the spleen.
The circulating lymphocyte may carry the antibody and
be associated with its release; however, it does not have
the capacity for antibody synthesis in vitro.

Solute Load and the Renal Osmotic Parameters of
Chronically Dehydrated Men. F. SARGENT, II and R. E.
JOHNSON,* Urbana, Ill.
Urine flow and urine-serum osmolar ratio (U/S) are

quantitatively related so that the minimum flow at a given
solute load is the asymptote for maximal U/S ratios.
This parameter has been used repeatedly in discussions of
water requirements, to the neglect of another measurement
that is important in renal function: the urine flow at
which U/S becomes 1.0. The first parameter defines the
condition for maximal renal osmotic work; the second,
that for minimal work. Male students, apparently free
from disease, were subjected during two week periods in
a comprehensive metabolic study of five months' duration
to all possible combinations of the following average daily
allowances: water, unlimited or 0.9 liters; sodium chlo-
ride, 0, 5 or 20 grams; nitrogen, 0, 6, 12, 17 or 24 grams;
and calories, 0, 1000, 2000 or 3000. Chronic dehydration
combined with high solute load resulted in daily urine
flows of about 0.8 liters as a minimum, and U/S osmolar
ratios as high as 5.9; in contrast, when solute load was
low (pure carbohydrate or high fat diet) minimum daily
urine flow was about 0.25 liters and maximum U/S about
42 With unlimited water and high solute load, the U/S
ratio approached 1.0 as an asymptote at daily flows of 2.5
liters or over; in contrast, with unlimited water and a low
solute load U/S reached 1.0 with daily urine flows of 0.8
liters and then approached an asymptote of less than 0.1
with greater flows. We conclude that the urine flow
for minimal renal osmotic work increases with increasing
solute load and is related importantly to water require-
ments and renal function during different dietary regimens.

[Work done under Contract AF 18(600)-80 from Air
Research and Development Command.]

Motion Picture Studies of Ventricular Muscle Dynamics
in Ezpemental Localized Ischemia, Correlated with
Myocardial Oxygen Tension and Electrocardiograms.
JOHIN J. SAYEN, WARNERF. SHELDON, GEORGEPECE
and Pzr T. Kuo, Philadelphia, Pa. (Introduced by
Charles C. Wolferth).
It is well klnown that systolic bulging of muscle oc-

curs in the distribution of an acutely occluded coronary
artery. Disturbed muscle contraction is an essential index
of severe myocardial ischemia. Acute localized ischemia
was studied in dogs by continuous recording of polaro-
graphic oxygen tension and simultaneous intramyocardial
electrocardiograms from ten platinum electrodes inserted
in the left ventricle to various depths. The relative mo-
tions of these electrodes could then be analyzed from mo-
tion picture records by measuring the distances between
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markers attached to their glass shafts at the epicardial
surface. Events were synchronized by a flashing neon
bulb, triggered by the first upward deflection of each
QRS complex in an intramyocardial electrocardiogram.
Color film permitted rough estimations of epicardial ar-
teriovenous differences and muscle discoloration.

Results: Non-ischemic hearts yielded various types of
muscle contraction record. The areas of earliest shorten-
ing reduced presystolic muscle segment lengths by as
much as 16 within 0.25 seconds of electrical systole.
Other areas showed delayed shortening or very slight
changes. Regardless of its control contraction pattern,
muscle in severely ischemic areas was stretched rapidly
just after electrical systole, reaching a maximum length
increase about 0.25 second thereafter. Less severely
ischemic muscle failed to shorten or stretched after par-
tial systole. Muscle beyond the ischemic area was un-
affected or somewhat increased its amplitude of con-
traction.

Coronary occlusion produced rapid falls of oxygen
tension beginning within six to eight heart beats. Muscle
contraction disturbance could be detected as early as the
eighth heart beat. An extrasystole regularly occurred
within fifteen heart beats and about this time the intra-
myocardial electrocardiogram began to show abnormality.
Epicardial electrocardiograms became abnormal later,
often not until oxygen tension had fallen profoundly.
Very severe acute coronary narrowing resembled occlu-
sion in its consequences. Slighter narrowing could cause
reduced oxygen tension and intramyocardial electrocardio-
graphic abnormality without measurably changing epi-
cardial electrocardiograms or muscle contraction.

The Concentration of Copper and Ceruloplasmin in Ma-
ternal and Infant Plasma at Delivery. I. HBERzT
SCHEINBERG,* CHARLEsD. COOKand JANET A. MURPHY,
New York, N. Y.
At delivery, maternal plasma has a concentration of

copper about 5 to 6 times that of infant plasma. Almost
all of the copper in the plasma of normal adult human
beings is irreversibly bound within the protein molecule,
ceruloplasmin, whose molecular weight is 150,000. It
seemed unlikely that equilibrium with respect to dif-
fusion across the placental membrane would be approached
by a molecule of this size, whereas non-ceruloplasmin
copper might be expected to be in such equilibrium. This
study was undertaken to investigate these suppositions.

The concentrations of total copper, of ceruloplasmin
and of non-ceruloplasmin copper were me*sured in ma-
ternal plasma, taken immediately before delivery, and in
plasma from the umbilical cord. In twelve pairs of
mothers and infants, the average level of total copper in
maternal plasma was 216 (range: 118-302), and that in
cord plasma was 36 (range: 12-67) gamma/100 ml. In
the same subjects, the average level of ceruloplasmin in
maternal plasma was 55.6 (range: 39.4-89.0), and that in
cord plasma was 6.5 (range: 1.8-13.1) mg./100 ml.
Since 0.34% of ceruloplasmin is copper, the maternal
plasma contained an average of 189 and the cord plasma

contained an average of 22 gamma/100 ml. of ceruloplas-
min copper. In fifteen pairs of mothers and infants the
average levels of non-ceruloplasmin copper were 10.7
(range: 5-15) and 8.5 (range: 0-16) gamma/100 ml. for
maternal and infant plasma, respectively. Non-cerulo-
plasmin copper appears to approach equilibrium with re-
spect to diffusion across the placenta since the average
difference between maternal and infant values is not
statistically significant by the usual criteria. In contrast,
the fact that ceruloplasmin copper is not in such equi-
librium accounts for the large gradient of copper between
maternal and infant plasma.

Neurogenic Factors in Coronary Artery Syndromes.
I. Experimental Production of Electrocardiographic
Patterns Simulating Acute Myocardial Infarction, Cor-
onary Insufficiency and Cardiac Arrhythmias by Stimu-
lation of Autonomic Nerves. SIDNEY SCHzmIs, R.
ADAMSCOWLEYand GEORGzSCHIMERT, Baltimore, Md.
(Introduced by Theodore E. Woodward).
Psychogenic factors are known to precipitate the angi-

nal syndrome of coronary insufficiency although the nerv-
ous pathways have not been clearly defined. Furthermore,
thrombosis of the coronary arteries and ultimate myo-
cardial infarction are said to result from arteriosclerotic
changes, yet the factors culminating in the acute episode
have not been clearly elucidated. Based upon well founded
clinical considerations, we accepted the premise that
neurogenic factors may precipitate episodes of coronary
insufficiency and even occlusion in patients with predis-
posing atherosclerosis. The dog has been employed as an
experimental model to investigate these factors.

After transthoracic thoracotomy, the left vagus and
sympathetic nerves were exposed and stimulated at vari-
ous sites by faradic current Uniform electrocardiographic
changes simulating patterns typical of acute myocardial
infarction occurred promptly when isolated vagal branches
to the cardiac plexus were stimulated, viz.: elevation and
coving of ST segments and T wave inversion in certain
conventional leads. Less frequently, ST segments were de-
pressed and T waves became sharper with increased ampli-
tude simulating the pattern of acute coronary insufficiency.
Stellate ganglion stimulation likewise produced the latter
type of electrocardiographic response, and minimized the
electrocardiographic effects of preceding "vagal" stimu-
lation. Stimulation of vagal cardiac nerve pathways re-
sulted in cardiac arrhythmias: auricular flutter-fibrillation,
A-V nodal rhythm, extrasystoles, ventricular standstill,
tachycardia and fibrillation. On one occasion, following
brief stimulation, an "acute coronary-like" pattern was
noted, followed immediately by ventricular fibrillation
and death.

These striking electrocardiographic changes hitherto
unreported following autonomic nerve stimulation sug-
gest either 1) interference with coronary blood flow or
2) alteration of myocardial function by metabolic mech-
anisms.

These preliminary findings are discussed relative to
theories of pathogenesis of coronary occlusion. Blocking
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action by pharmacological methods has received consid-
eration.

A new surgical approved therapy of coronary disease
based upon these factors is under investigation.

Erythropoietic (Congenital) Porphyria: A Blood Dys-
crasia Characterized by a Peculiar Disturbance of the
Normoblasts. RUDI SCHMID, SAMUELSCHWARTZand
R. DOROTHYSUNDBERG, Minneapolis, Minn. (Intro-
duced by C. J. Watson).
Recent studies have shown that the photosensitive forms

of porphyria include two fundamentally different dis-
turbances of porphyrin metabolism, one related to hemo-
globin formation during erythropoiesis (Porphyria ery-
thropoietica), the other a liver dysfunction (Porphyria
hepatico). Erythropoietic (congenital photosensitive)
porphyria is a rare inherited disease manifest at birth or
during early life. Critical review of the reported cases
in the literature reveals only 34 instances, in which the
diagnosis could be established beyond reasonable doubt.
They were 19 female and 15 male children, the great
majority having erythrodontia, hypertrichosis, hemolytic
anemia and splenomegaly.

Bone marrow and blood preparations of five of these
patients, were available for study. In all instances, ex-
cessive amounts of porphyrins were present in marrow
and circulating erythrocytes. Using fluorescence micros-
copy, most of the porphyrin was found in the nuclei of
the normoblasts in the marrow. By studying and photo-
graphing the same group of marrow cells, first in the
fluorescence microscope, then with absorption spectro-
scopy and, finally, by using a specialized staining tech-
nique, the existence of a normal and an abnormal line of
normoblasts was discovered. Cells of the abnormal
variety exhibit high concentrations of porphyrins in their
nuclei as well as characteristic intranuclear inclusions,
containing hemoglobin. This, in all probability, repre-
sents the inborn metabolic error of this disease. The
normal cell type shows neither porphyrin fluorescence
nor nuclear inclusion bodies.

The ratio of normal to abnormal normoblasts in the
bone marrow varies in different patients from 1: 3 to 3: 1,
but it does not appear to be related to the severity of the
clinical manifestations. Splenectomy performed in 3 cases
did not alter this ratio, but it did correct the hemolytic
anemia. As a result, the normoblastic hyperplasia and
hence porphyrin formation and excretion decreased.

The Relation of Life Situations to Metabolic Balance.
W. W. SCHOTTSTAEDT, Oklahoma City, Okla. (Intro-
duced by Stewart Wolf).
Three adult males without known renal or cardiovascular

disease have been studied under rigid control on a meta-
bolic ward for periods up to eight weeks in duration.
Records were kept of events occurring on the ward and
of the attitudes and emotions or feeling states aroused
in the patients by these events. No stress interviews or
contrived situations were introduced. The subjects were
maintained on uniform intake of water, electrolytes and

diet throughout the period of study and daily determina-
tions of urinary nitrogen, electrolytes, and water excre-
tion were made.

Marked variations in rates of excretion were observed
despite the rigid regimen. In a subject on whom urine
specimens were obtained four times a day, the evening
urine volumes varied from 0.49 to 2.88 cc/min; sodium
excretion from 34 to 278 #Eq./min; potassium from 52
to 182 /AEq./min; nitrogen from 3.23 to 13.83 mg/min;
and corticoids from 0.35 to 1.53 iAEq./min despite constant
intake and constant exercise. 24 hour urine volumes
varied from 630 to 1680 cc and urinary nitrogen varied
from 7.02 to 13.00 gms. All marked variations from the
average rates of excretion were easily correlated with
troublesome events occurring spontaneously. For ex-
ample, anxiety was induced by the illness of other patients
and anger because a meal was served cold instead of
warm. Tension was induced by brooding over past health
and depression because of the failure of expected visitors
to appear.

The study has shown that careful control of intake and
activity is not adequate to assure a steady metabolic state.
Marked variations in urinary excretion of nitrogen, elec-
trolytes and water correlated with events occurring during
ward routine and with the emotions and feeling states
aroused by these events.

The Osmotic Activity of Cells of Mamm6lian Tissues.
IRVING L. SCHWARTZand EUGENEL. Opm, New York,
N. Y. (Introduced by Vincent P. Dole).
Slices of liver and kidney cortex, taken from rats im-

mediately after death and immersed in a series of salt
solutions, swell if the concentration is less than about twice
that of extracellular fluid, and shrink if the concentra-
tion is greater. From these results it is inferred that the
osmotic activity within the cells of the slice is about twice
that of the solutes in normal extracellular fluid.

This conclusion, however, depends on the assumption
that salt remains extracellular during the period of meas-
urement. Evidence to support this assumption has been
obtained in the following experiments: fresh slices of liver,
kidney cortex, and corium were weighed, immersed for
periods of time from 1 to 60 minutes in solutions of 0.1
to 1.0 N NaCl, reweighed to measure the gain or loss of
water, and then analyzed for electrolytes. It was found
that the entry of sodium into the tissues was independent
of the movement of water, and simply proportional to the
concentration of sodium in the external medium. The
results indicated that the medium quickly came into equi-
librium with 20 ± 2% of the liver mass, 31 ± 2% of the
kidney, and 49 ± 1% of the corium-values which are
close enough to those accepted for extracellular space to
suggest that the effect of immersion within the first ten
to fifteen minutes is to equilibrate the bath and the inter-
stitial fluid. Later, the intracellular concentration of so-
dium rises, but at the end of the first ten minutes only
the interstitial fluid has equilibrated. Therefore, the
isosmotic solution can be taken as a measure of the os-
motic activity of cells in the tissue slices.
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Effect of Cortisone on Intracellular Peptidase Activity.
THEODRxB. SCHWARTZ,Durham, N. C. (Introduced
by James V. Warren).
Dipeptidase activity of surviving diaphragm has been

used as a model to represent intracellular protein catabolic
processes. This enzymic activity is determined by meas-
uring the rate at which glycylglycine is hydrolyzed by
viable isolated rat diaphragm tissue. The enzyme is
strongly activated by cobalt and inhibited by cysteine, and
these variations have been demonstrated both in vitro and
in tivo. A 50% increase in dipeptidase activity of sur-
viving diaphragm followed the administration of cortisone,
5 mgm. a day, over a 5-day period. This hormonal effect
requires the presence of intact cells since it was not
demonstrable in rat muscle extracts or homogenates. The
mechanism by which such biologic activation occurs is
being explored; and there are indications that this corti-
sone-induced enhancement of peptidase activity of isolated
diaphragm is not mediated by way of increased avail-
ability of cobalt ion since, when the experiment was re-
peated with optimal amounts of cobalt added in sitro,
dipeptidase activity of cortisone-treated animals remained
greater than normal.

These observations are consistent with the view that the
protein catabolic effect of adrenal steroids is, in part,
the result of enhanced intracellular, proteolytic activity.
This hormonal effect is demonstrable only in the presence
of viable, intact cells and apparently does not operate
through metal activation.

The Dependence of Renal Sodium Reabsorption on Hy-
drogen Exchange. WILLIAM B. SCHWARTZ* and
ARNOLDS. RELMAN, Boston, Mass.
Net tubular transport of water and electrolytes has

been measured in well-hydrated anesthetized dogs given
large doses (500 mgm./kgm.) of acetazoleamide, a potent
carbonic anhydrase inhibitor. Frequently, half or more,
and on several occasions two thirds, of the filtered sodium
was excreted together with eighty to ninety per cent of
filtered bicarbonate, twenty to forty per cent of filtered
chloride and an amount of potassium at least equal to,
and up to, eighty-six per cent greater than the filtered load
of potassium.

During this brief profuse diuresis, urine volume was
one-half to two-thirds of the volume of the glomerular
filtrate and U/P osmolar ratios approximated unity. Fil-
tration rate was usually unaffected or slightly reduced.

Maximal depression of bicarbonate reabsorption (to
rates of .1 to .6 mEq./min./100 cc. GFR) was observed
with large doses of the inhibitor at widely varying levels
of plasma bicarbonate (1975 mEq./L.) and blood pCO,
(25-100 mm. Hg). With lower doses of inhibitor (10-
50 mgm./kgm.), one-third to one-half the normal load of
bicarbonate can be diverted into the urine with little or
no consistent effect on chloride excretion; the latter was
consistently increased only with maximal dosage.

These observations are consistent with the hypothesis
that all bicarbonate reabsorption is accomplished by
tubular exchange of hydrogen for sodium and that

carbonic anhydrase is required to catalyze this reaction
if the rate of reabsorption is to be more than minimal.
The data further suggest that most, if not all, sodium
reabsorption is effected by hydrogen-sodium exchange.
The large increment in chloride excretion seen only with
maximal doses of inhibitor is probably secondary to the
diuresis of sodium which results when the rate of tubular
hydrogen ion generation falls significantly below the rate
of filtration of sodium chloride.

Potassium Intoxication During and Immediately Follow-
ing Respiratory Acidosis. BELDING H. SCRIBNER,
GEORGEM. BOGARDUS,KENNETHFREMONT-SMITHand
JAMES M. BURNELL, Seattle, Wash. (Introduced by
Robert S. Evans).
Unexplained cardiac arrest and death have been ob-

served during and immediately following the respiratory
acidosis of general anesthesia. These studies indicate that
potassium intoxication associated with respiratory acido-
sis may be an important factor.

Dogs were made acidotic for 2-5 hours with a mixture
of 30% CO, and 70% oxygen. Blood pH fell promptly
and remained between 6.7 and 6.9. Balance studies re-
vealed that during the acidosis 5 to 15 milliequivalents
of potassium were transferred per hour from the cells
into the extracellular space. Arterial serum potassium
always rose at a rate which varied inversely with uri-
nary excretion. Most animals survived serum potassium
levels as high as 9 to 10 mEq./L. without electrocardio-
graphic changes as long as they were maintained in aci-
dosis. Immediately upon return to room air, blood pH
rose abruptly and electrocardiographic evidence of potas-
sium intoxication appeared often progressing to cardiac
arrest and death. Prompt reinstitution of respiratory
acidosis was frequently lifesaving.

The appearance of potassium intoxication with the re-
lief of respiratory acidosis was related to at least 2 fac-
tors: 1) There was a transient further increase in the
serum potassium level of 0.5 to 1.0 mEq./L. when the
acidosis was terminated. 2) Potassium loading studies
revealed that potassium intoxication in non-acidotic dogs
occurred at serum concentrations 2 to 4 mEq./L. lower
than in dogs in respiratory acidosis.

These data suggest that certain unexplained anesthetic
deaths may be due to potassium intoxication because: 1)
Respiratory acidosis causes hyperkalemia. 2) Relief of
acidosis causes further transient hyperkalemia. 3) There
is less tolerance to hyperkalemia at normal blood pH than
during respiratory acidosis.

The Relation of Hypokaliemic Alkalosis Induced by
Adrenal Steroids to Renal Acid Secretion. DoNALDW.
SELDIN,* FLOYD C. REcTOR, JR., NORMANCARTERand
JOHNCOPENHAVER,Dallas, Tex.
The cause of the alkalosis which develops in animals

rendered potassium deficient by administration of DOCA
and sodium has not been clearly elucidated. To clarify
the role of the kidneys in the alkalotic process, rats were
tube-fed standard electrolyte-deficient diets for 14 days
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and treated with various combinations of electrolytes and
DOCA. Urine was analyzed for pH, titratable acid, and
ammonium. Muscle and serum electrolytes were meas-
ured. Activities of glutaminase, glycine oxidase, leucine
oxidase, and carbonic anhydrase were determined in the
kidneys.

Rats receiving sodium, DOCA, but no potassium, de-
veloped severe systemic alkalosis and excreted approxi-
mately 8 meq. more acid, primarily as NH4, than cor-
responding control animals. The alkalosis must therefore
be, in part at least, a consequence of the renal loss of acid.
Associated with this accelerated ammonium excretion re-
nal glutaminase activity increased from 788 + 39 FMNHF/
100 mgm. dry kidney/hr. in control animals to 1842 ± 445
in animals rendered alkalotic with sodium and DOCA.
Neither renal carbonic anhydrase nor ammonia-producing
enzymes other than glutaminase changed significantly with
increased acid secretion.

The increased glutaminase activity was not a conse-
quence of any direct action of DOCAor sodium on the
renal tubules, since rats given either DOCAor sodium
salts, but with sufficient potassium to prevent potassium
deficiency, developed neither alkalosis nor increased glu-
taminase activity.

These findings suggest that hypokaliemic alkalosis pro-
duced by DOCAand sodium is, in part at least, a conse-
quence of the renal loss of acid, principally as ammonium.
Accelerated ammonium excretion, in turn, apparently re-
sults from the activation of renal glutaminase. This
enzymatic adaptation was not a result of the direct effect
on the tubule of sodium or DOCA, but occurred only if
potassium deficiency supervened. It is suggested that the
adaptation of glutaminase may be stimulated either by
potassium depletion or intracellular acidosis.

Triiodothyronine Administered Orally in the Treatment
of Myxedema. HERBTA. SELENKOWand SAMUELP.
AsPER, JR.,* Baltimore, Md.
Recent investigations indicate that triiodothyronine is

the most potent form of the thyroid hormone known.
The levo isomer of triiodothyronine, administered par-
enterally to patients with myxedema, possesses three to
four times the calorigenic effect of i-thyroxine and ex-
hibits all the metabolic properties ascribed to the thyroid
hormone.

In the present study the calorigenic activities of 1-
triiodothyronine, dl-triiodothyronine and sodium i-thy-
roxine administered orally were determined in six pa-
tients with myxedema. The daily dose required to
maintain euthyroidism was 70 to 105 micrograms of
1-triiodothyronine, 200 to 300 micrograms of dl-triiodo-
thyronine and 300 micrograms of sodium i-thyroxine.
All patients receiving triiodothyronine became clinically
euthyroid within ten to fourteen days. During this
period each patient exhibited a six to ten pound loss in
weight, a decrease in the serum cholesterol to normal
levels and an increase in basal metabolic rate to normal
values. In addition, during administration of either t-
or dl-triiodothyronine, levels of serum protein-bound

iodine were in the range of myxedema at times when the
patients were completely euthyroid. This has also been
noted following parenteral administration of triiodothy-
ronine. It is apparent that the level of the serum protein-
bound iodine is not indicative of the metabolic status of
athyreotic patients receiving triiodothyronine as judged by
present standards of the normal range for this determina-
tion.

Triiodothyronine administered orally was uniformly
effective in alleviating myxedema. The dl-isomer of tri-
iodothyronine had approximately one-half the calorigenic
effect of an equivalent dose of 1-triiodothyronine; this
suggests that the d-isomer probably is calorigenically
inactive. The i-isomer of triiodothyronine possessed three
to four times the calorigenic effect of sodium i-thyroxine.
Triiodothyronine has the therapeutic property of acting
rapidly in minute doses. Like thyroxine, it is a chemically
pure synthetic form of the thyroid hormone, obviating
standardization.

The Participation of Fibrin in the Activation of the
Fibrinolytic Enzyme of Plasma. SOL SHERRY,* Cincin-
nati, 0.
A number of observations have suggested that, in na-

tive plasma, under conditions conducive to the activation
of plasminogen (the precursor of the fibrinolytic enzyme),
fibrinolysis proceeds at a much faster rate than fibrinogen
breakdown. However, plasmin, the active enzyme, in
purified systems attacks fibrinogen and fibrin at the same
rate and its activity on these substrates appears to be
directly related to its general proteolytic properties. To
explain this paradox, Ratnoff has suggested an accele-
rated activation of plasminogen in the presence of a fibrin
clot.

We have obtained direct evidence, in vitro, that the
streptokinase activation of plasminogen in plasma is
markedly accelerated by the presence of a fibrin clot.
The observations indicate that activation rapidly occurs
on the fibrin where considerable amounts of plasminogen
and streptokinase are adsorbed. The local activation of
the enzyme on the fibrin results in rapid fibrinolysis, fol-
lowed by release of the activated enzyme into the sur-
rounding plasma, where it is slowly inhibited. In vivo
observations, following the intravascular injection of
streptokinase into dogs with intraarterial thrombi re-
sulted in a very small increase in circulating proteolytic
activity and minor changes in the plasminogen and fibri-
nogen concentrations of the plasma, yet produced rapid
liquefaction of normally clotting blood specimens, and
significant dissolution of the experimental thrombi. In
sharp contrast, when plasminogen was completely ac-
tivated in the plasma, in vivo, by another mechanism,
large amounts of circulating proteolytic activity appeared,
the plasminogen disappeared, and an incoagulable state
rapidly resulted. Dissolution of the experimental thrombi,
however, was similar to the streptokinase treated animals.

The observation that fibrin provides a favorable sur-
face for the mediation of the activation of plasminogen by
streptokinase suggests that this phenomenon may be in-
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volved in naturally occurring fibrinolysis, and may also
explain the special fibrinolytic activity observed in pa-
tients following streptokinase injections.

The Mechanism of Pigmentation in Addison's Disease.
KAzuo SHIZUME, AARoNBUNSENLF.RNu and THOMAS
B. FITZPATRCK, Portland, Ore. (Introduced by Arthur
W. Frisch).
Clinical and experimental evidence will be presented

to show that the hyperpigmentation of Addison's disease
is probably due to an increase in the release of the
melanocyte stimulating hormone (MSH) from the
pituitary gland as a result of a decrease in adrenalcorti-
cal function.

Administration of MSHto four persons produced an
increase in pigmentation. After discontinuation of the
hormone, pigmentation gradually decreased, and the skin
returned to its previous color.

Blood and urine levels of MSHare increased in Ad-
dison's disease. When cortisone given for treatment is
withdrawn, urinary output of MSH is increased. The
hyperpigmentation of Addison's patients, as well as the
normal pigmentation of frogs, decreases following ad-
ministration of cortisone. Cortisone probably inhibits the
production of MSHby the pituitary gland.

Commercial ACTH, preparations contain fairly large
amounts of MSH. The hyperpigmentation resulting from
long-term treatment with ACTH may result from the
action of MSHpresent as a contaminant in the ACTH
preparation.

Demonstration of Antivessel Agents in Serum of Patients
with Anaphylactoid Purpura and Periarteritis Nodosa.
MAMoSTEFANINI * and IRMA B. MEDNICOFF, Boston,
Mass.
Two cases were observed with associated acute idio-

pathic thrombocytopenic purpura and Henoch-Schonlein's
anaphylactoid purpura. In one, a platelet isoagglutinin
could be detected. In view of the recently emphasized im-
munologic nature of idiopathic thrombocytopenic pur-
pura, search was conducted for agents in the serum of
these patients capable of reacting with vascular elements.
Decalcified serum in both instances contained precipitin
against stable, saline-soluble antigen prepared from aortic
intima and from total aorta of newborn infants. Com-
plement was fixed in the course of this reaction. With
separation by means of paper electrophoresis in one case
(Dr. Carlos Guzman L.) the active fraction was found
to be v-globulin. The agent was relatively labile during
storage (inactivated after 10 days, even at freezing tem-
perature), and destroyed at 60° C.

A standard preparation of the aortic antigen was made,
containing 20 mgs. N%. With this antigen, decalcified
sera gave positive precipitation in 6 out of 8 cases of
anaphylactoid purpura, 3 out of 4 cases of periarteritis
nodosa. Test was negative in acute idiopathic thrombo-
cytopenic purpura (5 cases) and lupus erythematosus
(3 cases). Antigens were prepared from intimal and
from adventitial and elastic layers of aorta. Perhaps due

to difficulties in separating various layers of the aorta,
positive sera reacted equally with both antigens. Plasma
from two patients with anaphylactoid purpura was in-
jected into compatible normal individuals. No purpura,
no positive tourniquet test developed, but the antivessel
factor was transmitted to the recipient.

These results appear to indicate the role of circulating
antivascular agents in the pathogenesis of vascular damage
in anaphylactoid purpura and periarteritis nodosa. It is
likely that these factors develop as immunologic response
(antibodies), since in experimental animals one obtains
antivessel serum by administration of heterologous aorta
constituents.

Disappearance from Serum of I-Labeled L-Thyroxine
and L-Triiodothyronine in Euthyroid Subjects. KEN-
NETH STERLING, JOYCE LASHOFand EVELYN B. MAN,
New Haven, Conn. (Introduced by Philip K. Bondy).
Radioactively labeled 1-thyroxine or l-triiodothyronine

in tracer amounts was injected intravenously in nine
euthyroid hospital patients and two normal volunteers.
Serum butanol extractable iodines were normal.

Patients received an excess of non-radioactive iodine
during studies to minimize thyroid uptake and reutilization
of radioiodine liberated on degradation of the administered
compounds.

Serum radioactivity was measured on blood samples
drawn ten minutes after injection, and daily for two
weeks. There was a rapid initial fall, attributed to a
distribution phase. Within two days after injection of
radiothyroxine, the serum radioactivity declined more
gradually, assuming a straight line on semilogarithmic
plot. This slow exponential component of the disappear-
ance curve was interpreted as indicating thyroxine turn-
over, or the rates of formation and degradation, which
in a steady state should be identical. The mean half-
time of thyroxine turnover in six subjects was 6.5 days.

The disappearance curve observed after injection of
labeled triiodothyronine was much more rapid, with a
mean half-time of 2.6 days in four subjects. Successive
studies with 1-thyroxine and l-triiodothyronine in one
individual clearly demonstrated the more rapid disappear-
ance of the latter compound.

Studies on Hydralazine: Evidence for a Peripheral Site
of Action. A.nRB STUNKARD, LOTHARWERTHEIMER,
and WALTERREDISCH, New York, N. Y. (Introduced
by David Seegal).
An attempt was made to determine the site of action of

the antihypertensive agent, hydralazine, by measurements
in man of blood flow in intact and denervated extremities.
Control studies of 4 patients in whom the nervous system
was intact established that intravenous administration of
hydralazine caused either no change or slight decrease
in skin temperature, and blood flow as measured by
plethysmography of the limb. The legs of 4 patients
with spinal cord transection, however, showed significant
increases in both skin temperature and blood flow, while
the upper extremities with intact innervation responded
to hydralazine administration in the usual manner.
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When denervation of the limb was achieved by unilateral
sympathectomy, hydralazine again increased blood flow
to the denervated extremity (the leg) while reducing it
in the intact leg. These observations suggested that hy-
dralazine might act at the blood vessel wall itself. The
possibility that the action might represent adrenergic
blockade was excluded by the failure of hydralazine to
decrease the hypertensive and bradycardic effects of nor-
epinephrine infusion. Furthermore, no effect on the
cold pressor response was observed following doses of
hydralazine large enough to lower blood pressure. It was
concluded that hydralazine could act directly upon the
blood vessel wall, and that this might be a major site of
action.

Catheterization Studies on the Bronchial and Pulmonary
Vascular Systems in Dogs; With Special Reference to
the Chemotherapy of Lung Cancer. R. D. SULLIVAN,
T. C. ALFORD and D. A. KARNOFSKY,* New York,
N. Y.
Polyethylene catheters were introduced at thoractomy,

singly and in combination, into the right bronchial artery
and into various branches of the pulmonary arteries and
veins. The catheters were brought out through the chest
wall and remained in situ for periods as long as three
months. By injecting Diodrast, serial angiograms were
obtained under various experimental conditions in studies
on 23 dogs. This catheterization technique may be ap-
plied to respiratory physiologic studies.

Dye injected into the bronchial or pulmonary arteries
demonstrated the arborizations of these vessels, and was
rapidly cleared. After ligating the pulmonary artery and
vein to a lobe, dye injected into the lobe artery or vein
pooled in the vessels of the occluded lobe; however, 3 days
later, dye given in the same manner, filled the bronchial
arterial tree, indicating that collateral channels had
opened between the pulmonary and bronchial vessels.
Additional collateral channels appeared between the bron-
chial artery and the systemic circulation. Thus, it is
possible to distribute dye throughout the bronchial arterial
system by ligating a pulmonary vein, and injecting dye
into the pulmonary artery to the same lobe.

Parallel procedures were performed with nitrogen
mustard HN, 1 mg/kg, injected into the pulmonary
and bronchial vessels. No local injury resulted from the
injection of HN2 into the unaltered pulmonary artery,
whereas introduction into the bronchial artery severely
injured the entire tracheo-bronchial tree and hilar struc-
tures, including the lymph nodes. Similar effects were
produced by injecting HN2 into the pulmonary artery
three days following ligation of the pulmonary artery
and vein. In contrast instillation of HN2 through a
bronchoscope into a maj or bronchus produced edema,
hemorrhage and focal necrosis in the pulmonary paren-
chyma only. Since lung cancers and their regional
metastases derive their blood supply from the bronchial
artery, methods for modifying the pulmonary circulation
at exploratory thoractomy enhance the opportunities for
the local chemotherapy of these neoplasms.

A Forty-Eight Hour Procedure for the Determination of
Post-Transfusion Survival of Erythrocytes from Pre-
served Blood, Employing Radioactive Chromium-51
(Cr'1). TIMOTHY R. TALBOT, JR., MARY SAX and
ALICE CARY, Philadelphia, Pa. (Introduced by Thomas
Fitz-Hugh, Jr.).
The method herewith presented obviates the need for

blood volume determination and requires only forty-eight
hours to give an accurate measure of post-transfusion
survival of erythrocytes.

Wehave found that 25 to 50 ml. of Cr'1 labelled erythro-
cytes can be injected easily in less than one minute.
Therefore, observations can be made during the first few
minutes after injection, followed by serial observations
during the first hour. Samples are then taken at 2, 4, 6,
24, and 48 hours.

The shape of the "disappearance curve" after the in-
jection of preserved, labelled erythrocytes is tri-phasic,
due to: (a) mixing time, (b) a "rapid" phase, and (c)
a "slow" phase. The curve then becomes identical in
slope with that seen after the injection of fresh cells.

A "destruction gradient" can be measured between the
value at the end of mixing time and the value at the end
of the "slow" phase, which usually occurs at about 48 hours.

The per cent non-viable cells is equal to the "destruc-
tion gradient." This has been confirmed as follows:

(a) Total circulating hemoglobin was determined in
several individuals with Cr'1, as described by Gray and
Sterling. These same individuals were then given about
40 ml. of labelled erythrocytes from preserved blood,
and the total circulating hemoglobin again calculated, us-
ing the end of mixing time as the value representing di-
lution. These two methods agreed within an average of
4%, with a maximum difference of 7%.

Radioactivity was measured as counts per minute per
gram of hemoglobin. Thus any error inherent in using
hematocrits was eliminated.

(b) 450 ml. aliquots of the same preserved blood as
that used above were transfused into recipients whose
total circulating hemoglobin had been previously de-
termined as described above (Gray, S. J., and Sterling, J.,
J. C. I. 29, 1614, 1950.) The per cent survival was de-
termined using Ashby counts. These values agreed
within 10 % of those calculated from the "destruction
gradient."

The Participation of the Erythrocyte in the Electrolyte
Changes Induced by Intravenous Salt Loading. BEv-
ERLY T. TOWERYand HOWARDE. MORGAN,Nashville,
Tenn. (Introduced by Hugh J. Morgan).
Plasma and erythrocyte concentrations and urinary

excretion of sodium, potassium, chloride and water were
studied in 15 normal young adults before and after a
60-minute infusion of 5 per cent sodium chloride. A con-
stant oral water intake, established prior to infusion,
was continued throughout the period of observation. A
comparison is made betwen the pre-infusion period of
diuresis and the second post-infusion hour. Erythrocyte
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concentrations of electrolytes were determined by an
indirect method.

The pre-infusion erythrocyte sodium concentration
tended to vary inversely with the plasma sodium concen-
tration, but a definite relationship has not been established.
The initial plasma potassium was maintained within a
narrow range despite varying red cell concentrations.

After the infusion, the changes in concentration of
erythrocyte sodium and potassium bore a relationship to
their initial level; high values decreased, low values rose.
A correlation of the changes in erythrocyte sodium with
the changes in erythrocyte potassium revealed that these
ions moved in the same direction.

The change in potassium clearance was inversely re-
lated to the pre-infusion clearance of this ion and did not
correlate with the change in plasma or erythrocyte con-
centration thereof.

The rise in chloride clearance was closely correlated
with the rise in sodium clearance, but was not related
to changes in plasma chloride concentration. The alter-
ation in sodium clearance varied inversely with the change
in plasma sodium concentration. This appeared to be
the result of cellular and renal changes rather than the
cause. A direct relationship of questionable statistical
significance was found between the changes in erythrocyte
sodium concentration and increments in sodium clearance.
These data suggest that cellular ionic exchanges, similar
to those exhibited by the erythrocyte, are important in
the regulation of the renal clearance and plasma concen-
tration of sodium.

A Comparison of the Metabolism of Rb' and K" Follow-
ing Simultaneous Injection into Man. MALCOLMP.
TYORand JAMES S. ELDRIDGE, Oak Ridge, Tenn. (In-
troduced by George T. Harrell).
The physical characteristics of K" (t 3h 12.4 hr) have

limited its widespread use.
Studies indicate that rubidium may replace potassium

in several biological systems. The physical characteristics
of Rb" (t 3h 19 d) are suitable for tracer studies in man.

Simultaneous intravenous injections of K" and Rb"
were given to four patients with leukemia and carcinoma.
Stable rubidium injected varied between 0.25 meq and
1.52 meq to determine any effect of "carrier"; potassium
injected was 0.07 to 1.04 meq.

Multiple samples of plasma, red cells, and urine were
obtained from all patients; white cells were separated in
one patient. Each sample was assayed in a well scintilla-
tion counter. Counts of Rb" and K" were determined by
taking advantage of their half lives, and analyzed
statistically.

The per cent of total counts of Rb° and K" in each
sample of plasma, red cells, and urine was relatively con-
stant within each patient. When the ratio of Rb" to K"
in the plasma and red cells of individual patients was
compared to the ratio of the mixture injected, they were
found to be similar. The ratio for white cells also agreed
closely with that of the administered dose.

In contrast, the ratio of Rb" to K" in the urine of each

patient was constantly lower than in the mixture injected.
The lower values, however, bore a consistent relationship
to the ratio of the dose injected in each patient. The ra-
tios of per cent total counts Rb" in urine to the per cent
total counts Rb' injected were similar in all patients.

Within individual patients the data indicate a constant
ratio of Rb" and K" in plasma, red cells, white cells, and
urine. The ratio is similar to that of the injected dose in
all fractions except urine, which showed less Rb" and
more K".

Studies of Serum and Gastric Factors in the Etiology of
Pernicious Anemia: A Proposed In Vitro Test for
Intrinsic Factor Actizity. WALiER G. UNGLAUBand
0. NEAL MILER, New Orleans, La. (Introduced by
Grace A. Goldsmith).
Normal human gastric juice, collected following hista-

mine stimulation, markedly enhances the vitamin B1,
combining activity of serum when mixtures of serum,
gastric juice, and added free vitamin are incubated to-
gether. This effect depends upon the ratio of gastric
juice to serum, as well as the initial concentration of the
added free vitamin, and is greatly in excess of the en-
hancement predicted for simple mixtures. Gastric juice
from patients with pernicious anemia in relapse or in
remission possesses this potentiating activity to a much
smaller extent than does an equal volume of gastric juice
from normal persons.

Incubation of normal gastric juice with serum from
patients with pernicious anemia does not potentiate the
B., combining activity as much as incubation with normal
serum. Gastric juice from patients with pernicious anemia
enhances the combining activity of pernicious anemia
serum only slightly when compared with normal gastric
juice.

Studies in one patient with pernicious anemia before
and after adequate oral therapy with a commercial prep-
aration containing vitamin B. and an intrinsic factor con-
centrate suggest an improved in vitro combining activity
of the serum following therapy.

These observations lend support to the concept of the
participation of a "serum factor" in the etiology of perni-
cious anemia. The techniques employed in this study
have been applied to the in vitro evaluation of the anti-
pernicious anemia activity of various intrinsic factor
concentrates and they appear to give a valid test for
intrinsic factor activity. Megaloblastic anemias other
than pernicious anemia are being investigated with this
technique.

The Relationship of Leukocyte Alkaline Phosphatase to
Pituitary-Adrenal Activity. WILLIAM N. VALENTINE,*
JAMES H. FOLLETTE, BARTONE. HARDIN and WILLIAM
S. BEcK, Los Angeles, Calif.
Unit cell leukocyte alkaline phosphatase activity fre-

quently increases several fold in the presence of such
diverse circumstances as infection, trauma, vascular
emergencies, surgery and diabetic acidosis in which
pituitary-adrenal hyperactivity may be a common de-
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nominator. In patients studied before and after surgery
leukocyte phosphatase uniformly rose stepwise to peak
values averaging four times the pre-surgery level 72 hours
after the procedure, remained elevated- in the presence of
complications, and returned to baseline over the next
several days in uncomplicated procedures. A similar
four fold increase occurred in each of five subjects re-
ceiving Acthar Gel for a 72 hour period with return to
normal by 72 hours after stopping medication. Oral and
intramuscular cortisone produced no or small responses
over a similar period. Phosphatase activity required at
least 72 hours to become maximally elevated in response
to either a relatively prolonged "stress" or ACTHmedi-
cation, appearing to increase rather uniformly and contin-
uously during this time interval. Of considerable interest
has been the observation that in all cases of active rheu-
matoid arthritis and disseminated lupus erythematosus and
in most cases of uncomplicated acute rheumatic fever thus
far studied the leukocyte phosphatase activity has not
been increased. This suggests that in these diseases and
in these patients this form of "stress" may not result in
increased endogenous pituitary and/or adrenal activity.
These data are not adequately explained by alterations in
the leukocyte differential formula in subjects studied.
Further investigation anticipates exploration of time-dose
relationships and the effect of other steroids.

Persistent Neutropenia with Maturation Arrest of the
Bone Marrow in Graves's Disease, Not Related to
Drugs. W. P. VANDERLAANand HENRYW. COHEN,
Boston, Mass. (Introduced by E. B. Astwood).
A woman presented classic features of Graves's dis-

ease, untreated, and a leukopenia. There were 3,100 leu-
kocytes per cu. mm., 6% polynuclear neutrophils, 30%
monocytes, 60% lymphocytes, 2% eosinophils, and 2%
basophils. Bone marrow examination disclosed normo-
cellularity, slight lymphocytosis, and maturation arrest at
a promyelocyte level. Eosinophils were mature; there
was no erythroid or megakaryocytic abnormality. The
hematologic findings remained unchanged during one
month during which there was no treatment. For two
months after radioactive iodine treatment the hyperthy-
roidism and leukopenia persisted; the protein-bound io-
dine level was 15.6 #g./100 ml. In the next month both
the hyperthyroidism and the leukopenia improved.
Lymphocytosis, monocytosis, leukopenia, and anemia have
been described in Graves's disease; the present case sug-
gests that neutropenia approaching agranulocytosis may
also be associated with thyrotoxicosis. Search disclosed
no evidence of exposure to chemical agents known to
suppress myelopoiesis.

Two-hundred and fifty ml. of the patient's plasma, taken
after some improvement had occurred, was infused into
a normal 42-pound boy and induced no significant change
in his peripheral blood.

The case illustrates persistent neutropenia paralleling
the severity of Graves's disease, not relating to drugs.

Turn-Over Rates of Various Plasma Proteins in Normal
and Cirrhotic Humans Using Biosynthetic Methods.
WADEVOLWILER,* PATRICK D. GOLDSWORTHY,MARION
P. MACMARTIN,PATRICIA ANNWOOD,IAN R. MACKAY,
KENNETHFREMONT-SMITH and DOROTHYF. SHOOK,
Seattle, Wash.
With S-35 1-cystine, two contrasting biosynthetic tech-

niques have been employed to measure turn-over rates of
specific plasma protein fractions in normal subjects and
in edema-free patients with advanced portal cirrhosis: (1)
oral single administration of labeled amino acid precursor
with subsequent serial sampling of plasma proteins for
measuring rate of isotope decline, (2) transfusion of
fresh normal pre-labeled donor plasma into suitable re-
cipients, followed by measurement in the recipient of rate
of loss of isotope from the infused proteins.

A total of 30 such determinations for specific protein
fractions have been made, including albumin, 8,p lipopro-
tein and fibrinogen. Albumin has been prepared by the
Batchelor-Brown modification of Cohn's Method 10, #B
lipoprotein by Cohn's Method 10 with subsequent ultra-
centrifugation (Gofman), and fibrinogen by the method
of Surgenor et al. The composition of these fractions
from each experimental subject has been repeatedly ap-
praised by electrophoresis, and homogeneity has varied
from 80-100%.

Following are the average values of half-life (days)
obtained for each fraction with biosynthetic techniques
(1) and (2): Albumin: Normal (1) 29 (2) 20, Cirrhosis
(1) 21 (2) 24; Cohn I+ III: Normal (1) 7, Cirrhosis
(1) 10; p1 lipoprotein: Normal (1) 4.5 (2) 3.5, Cirrhosis
(1) 7.7 (2) 5; Fibrinogen: Normal (1) 5 (2) 4, Cirrhosis
(2) 4.

These data suggest: (1) Re-utilization of isotope does
not produce error in measurement of half-lives with bio-
synthetic method I, (2) An abnormal size in the circu-
lating mass of a specific plasma protein is not necessarily
associated with an abnormal life-span, (3) Iodinization
of plasma proteins may sufficiently denature protein as to
result in a shortened life-span.

Etidence for a Qualitative Difference Between the Gamma
Globulin of Patients wJith Multiple Myeloma and of the
Normal Human. ROBERT L. WALL and LILLA SHU
YUNGSUN, Columbus, 0. (Introduced by Charles A.
Doan).
Many investigators have postulated that the hyper-

gammaglobulinemia of some multiple myeloma patients
represents a protein that differs qualitatively from normal
gammaglobulin. Proof that such a difference exists has
been lacking. In the present study evidence is presented
to support such a qualitative difference.

Gammaglobulin preparations of adequate homogeneity
could not be obtained with existing fractionation pro-
cedures. Therefore, a method was developed employing
zinc diglycinate as a precipitating agent with subsequent
chelation of the protein-bound zinc by the sodium salts
of ethylene-diamine-tetra-acetic acid. This method rou-
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tinely produces an extremely homogeneous gammaglobu-
lin preparation as judged by the following tests: elec-
trophoresis (both zone and boundary methods) with cal-
culation of heterogeneity constants; optical ultracentrifu-
gation with calculation of sedimentation constants; and
by quantitative precipitin experiments employing specific
rabbit antiserums. The method is applicable both to
normal plasma and to plasma from myeloma patients.

Gammaglobulin prepared by this method from pooled
normal plasmas and from myeloma plasmas was then
utilized for the production of rabbit antiserums. Pre-
vious quantitative precipitin experiments by the present
authors, as well as other investigators, have shown that
normal gamma globulin behaves as an immunologically
homogeneous protein. Quantitative precipitin experiments
with the present normal gammaglobulin antiserum show
marked differences in the precipitin curves when normal
globulin and myeloma gammaglobulin are used compara-

tively as antigens, as would occur if these proteins differed
qualitatively. The reaction of myeloma gamma globulin
antiserums with normal gamma globulin showed the
presence of some normal gammaglobulin in the myeloma
gamma globulin. However, after maximal precipitation
of the myeloma antiserum by addition of normal gamma

globulin, this antiserum is still capable of precipitation
with myeloma gamma globulin, demonstrating a true
qualitative difference between normal and myeloma gamma

globulin.

Hepatic Coma: Effect of Sodium Glutamate. LESLiE T.
WEBSTER, JR. and CHARLES S. DAVIDSON,* Boston,
Mass.

Ammonia or related compounds have been implicated as

possible etiologic factors in the production of hepatic
coma. The highest blood and plasma "ammonia" con-

centrations have been found in this condition. The syn-

drome of impending hepatic coma can be produced in
some patients with hepatic disease by administration of
ammonium salts. Glutamic acid plays an important role
in intermediary nitrogen metabolism and can combine with
ammonia to form less toxic compounds. Walshe reported
favorable results with this amino acid in the treatment of
hepatic coma.

In the present study 23 grams of sodium glutamate
was given intravenously to eight patients with Laennec's
cirrhosis who were in coma or impending coma. Pa-
tients evaluated daily with respect to state of conscious-
ness and the characteristic "flapping" tremor were sepa-

rated into three groups: coma, impending coma, and im-
pending coma induced by ammonium salts. Three
patients were studied on more than one occasion and in
more than one group. Plasma "ammonia" concentrations
were measured.

Two comatose patients showed questionable temporary
improvement, one after three isolated infusions and the
other after four daily infusions of glutamate; both sub-
sequently died. Six patients with spontaneous impending
coma received from one to three daily infusions of

glutamate; again, with little, if any, improvement. Four
in this group subsequently expired. Impending hepatic
coma was induced in two patients by administration of
ammonium salts. Glutamate failed to modify this syn-
drome which, however, disappeared after discontinuing
ammonium salts. One of these patients was then given
glutamate prior to ammonium salt administration, but this
amino acid failed to prevent the onset of the characteristic
syndrome.

Thus, sodium glutamate was found to have little, if
any, beneficial effect on liver coma or impending coma;
it also failed to prevent onset and exacerbation of impend-
ing coma induced by ammonium salts. Plasma "ammonia"
concentrations showed no consistent changes.

Comparative Incorporation of 5U I-Cystine and 54 So-
dium Sulfate by Normal and Leukemic Leukocytes.
AUSTIN S. WEIsBERGER, LEIF G. SUHRLANDand BEN-
NErr LEVINE, Cleveland, 0. (Introduced by T. H.
Ham).

Previous studies indicate that l-cystine (or l-cysteine)
may have an important role in leukocyte metabolism.
Comparison of the uptake of S' sodium sulfate with that
of S' l-cystine by normal and leukemic leukocytes re-
veals certain differences in incorporation both in vivo and
in vitro.

Tracer amounts of S' l-cystine or S' sodium sulfate
were administered orally to normal and leukemic patients.
The concentration of S' per ml packed leukocytes was de-
termined at intervals. In vitro studies were obtained by
incubating whole blood with these compounds and measur-
ing the radioactivity incorporated per ml packed leuko-
cytes.

Characteristic patterns of incorporation were obtained
for orally administered lI-ystine in normal and leukemic
leukocytes. Acute -leukemic leukocytes incorporated
l-cystine most rapidly. The disappearance curves of
radioactivity indicate that the approximate life span of
leukocytes in normals is 13 days, in chronic myeloid
leukemia 8 days, in acute leukemia 3 days and in chronic
lymphatic leukemia longer than the period of observation.

Orally administered S' sodium sulfate is utilized poorly
by leukocytes in acute leukemia and in chronic lymphatic
leukemia. However, incorporation of sodium sulfate by
normal and chronic myeloid leukemic leukocytes is com-
parable to that of orally administered l-cystine.

1-cystine is readily incorporated by both normal and
leukemic leukocytes in vitro. This is an active process
and not solely dependent upon simple diffusion. In con-

trast, however, only chronic myeloid leukemic leukocytes
readily incorporate sodium sulfate. All other types of
leukocytes exhibit a low level of incorporation of sodium
sulfate.

The data demonstrate differences in utilization of
l-cystine and inorganic sulfur by normal and leukemic
leukocytes. The findings are compatible with the ap-
parently unique role of l-cystine in leukocyte metabolism.
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A Study of Renal Tubular Phenomena Under the Iv-
.luence of a Carbonic Anhydrase Inhibitor. L. G.
WELT,* D. T. YOUNG, 0. A. THORUP, JL and C. H.
BURNETr,* Chapel Hill, N. C.
The consequences of the administration of a carbonic

anhydrase inhibitor were studied in three normal male
subjects in an experimental setting characterized by a

modest acidosis and a state of physiologic diabetes in-
sipidus. The former was induced by the ingestion of
ammonium chloride for five days, and the latter by the
administration of an infusion of a dilute solution of glu-
cose in water in a manner designed to achieve and main-
tain a positive balance of water of a liter or more. The
carbonic anhydrase inhibitor promoted: 1) a striking in-
crease in the rates of excretion of water, sodium, bicarbo-
nate, and total solutes; 2) lesser increases in the rates of
excretion of potassium and chloride; 3) decreases in the
rates of excretion of ammonia and titratable acid; 4) an

increase in the pH of the urine; and 5) a slight decrease
in the clearance of inulin.

An increase in urine flow (despite a decrease in GFR)
superimposed on a state of physiologic diabetes insipidus
implies that a larger volume of fluid had gained access

to the distal tubule. According to current concepts this
would result from a decrease in active proximal reab-
sorption of solutes which, in this instance, were predomi-
nantly sodium and bicarbonate. Since these alterations
were promoted by the administration of carbonic anhy-
drase inhibitor and the reabsorption of bicarbonate appears

to be dependent on the secretion of hydrogen ions, the
inference is that hydrogen ions are usually secreted in the
proximal as well as the distal tubule.

The increase in urine flow was composed of increments
of both "free" and "osmolar" water. These data can be
explained as the result of an augmented distal tubular re-

absorption of solutes consequent to the delivery of a larger
volume of isosmotic fluid to this portion of the nephron.

SPCA-Induced Thrombosis: Its Pathogenesis and the
Effect of Anticoagulants. STANFORDWESSLER, Boston,
Mass. (Introduced by Herrman L. Blumgart).
The pathogenesis of thromboembolism and the relative

efficacy of drugs in the prevention of intravascular coagu-

lation remain poorly defined. In this laboratory an ex-

perimental method has been developed whereby, in dogs,
the systemic infusion of serum fractions has routinely
produced venous thrombosis under conditions of simple
stasis. The role of anticoagulants in inhibiting these
thrombi has also been investigated.

Serum fractions prepared by barium sulfate adsorption
and citrate elution are rich in SPCA (convertin) and its
precursor, pro-SPCA (proconvertin) but are devoid of
significant amounts of prothrombin, thrombin, thrombo-
plastin and Ac-globulin. Antecubital vein infusions of
these SPCApreparations routinely induced rapid throm-
bus formation in jugular vein segments completely iso-
lated immediately after infusion, although no measurable

rise in pro-SPCA or SPCA was demonstrable. Direct
venous narrowing or external application of tourniquets
to intact extremities immediately after SPCA infusions
similarly induced coagulation distal to the obstructed
areas.

Dicumarol was given to ten animals with consequent
reduction of one-stage prothrombic activity to two per-
cent of normal or below. In only one dog was SPCA-
induced thrombosis prevented; in this animal the coagula-
tion defect was so severe that the clotting time had been
tripled. In striking contrast, heparin administered to ten
animals in amounts sufficient to double the clotting time
produced complete inhibition of SPCA-induced clots in all
instances.

Excessive SPCA activity has been observed in some
clinical states and its possible relation to thromboem-
bolism has been proposed. The studies herein described
provide experimental evidence for the concept that minute
amounts of active SPCA (contrasted with inactive pro-
SPCA) may under conditions of simple stasis initiate ex-
tensive intravascular clotting. The data also demonstrate
that SPCA-induced thrombi are more effectively inhibited
by heparin than by Dicumarol even when the latter drug
produces a profound reduction in the circulating SPCA
complex.

Metabolic Studies Demonstrating Increased Resistance of
Hyperthyroid Patients to Pitressin Tannate Adminis-
tration. RAYMONDE. WESTON,* HELEN B. HOROWITZ,
SHIRLEY RUBLER and JACOB GROSSMAN,New York,
N. Y.
Previous studies have established that intramuscular

administration of 1 unit of Pitressin Tannate-in-Oil
(PTO) b.i.d. to normal subjects and patients in congestive
failure, on adequate fluid intakes, leads to marked water
retention, increased urinary total solute concentration
(U.T.S.C.), and hyponatremia. In contrast, we found
that 5 units of PTO t.i.d. had no metabolic effect in a
severely hyperthyroid woman without demonstrable renal
disease, maintained on a high salt diet.

Since then, three additional hyperthyroid women on
our metabolic ward have been given PTO for 6-12 days.
To evaluate the influence of urinary solute load, two were
maintained on a high (175 m.Eq.) and one on a low (25
m.Eq.) sodium intake. To compensate for hyperidrosis,
fluid intakes were considerably increased.

All exhibited resistance to Pitressin. On 2 units t.i.d.,
one patient on high salt intake exhibited transitory in-
crease in calculated U.T.S.C. from 366 m.Osm./l. to
450-520 m.Osm./l., without change in urine volume (1800-
2400 ml.) or serum electrolyte concentrations. Because
of severe hyperidrosis, another on high salt intake had
control urine volumes of 1400-1600 ml. with measured
U.T.S.C. of 564-608 m.Osm./l. On PTO (2 units t.i.d.)
her U.T.S.C. rose slightly to 650-700 m.Osm/l., and her
serum sodium fell 7 m.Eq./l., partly due to increased
natriuresis on the sixth and last day. The following day,
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her urine volume increased to 2200 ml., U.T.S.C. dropped
transiently to 390 m.Osm./l., weight fell 1 kgm., and serum
electrolytes returned to normal. The one patient on the
low sodium intake exhibited only slight antidiuretic re-
sponse to PTO (2 units t.i.d.), as indicated by small
U.T.S.C. increases from 285-355 m.Osm./l. to 365-420
m.Osm./l., with some water retention and subsequent
iatriuresis and hyponatremia.

Possible mechanisms responsible for the apparent re-
sistance of these hyperthyroid patients to the anti-diuretic
effect of PTO will be discussed.

Clinical Studies on Staphylococcal Septicemia. ROBERTI.
WISE and CAROLINE CRANNY, Minneapolis, Minn. (In-
troduced by Wesley W. Spink).
Fifty-one cases of severe staphylococcal septicemia

were studied and treated at the University of Minnesota
and associated hospitals from November, 1951, through
February, 1954. Twenty-one patients recovered, 27 ex-
pired and 3 are under treatment. The mortality rate, thus
far, is 53%. Sensitivity of the cultures of Micrococcus
pyogenes var. aureus (Staphylococci) to the antibiotics
was studied in vitro by the tube-dilution technique.

The percentages of cultures which were resistant to 50
units or micrograms per ml. were as follows: penicillin
70.1%, streptomycin 65.7%, chlortetracycline 37.2%, oxy-
tetracycline 46.6%o, and chloramphenicol 2.5%. The
strains were sensitive to bacitracin, erythromycin, carbo-
mycin and neomycin at concentrations of less than 10
units or micrograms per ml. in percentages of 92%, 100%,
97%, and 82%o respectively. The percentages of cultures
sensitive to one unit or microgram per ml. were as fol-
lows: penicillin 17.1%, streptomycin 2.4%, chlortetra-
cycline 21%o, oxytetracycline 23.1%o, chloramphenicol 0%,
bacitracin 26.2%, erythromycin 87.8%, and neomycin
34.2%.

Bacteriophage typing of the cultures revealed 8.2%o in
group II, 44.5% in group III, 5.6%o in a miscellaneous
group (type 44A), none in group I, and 41.7% were non-
typeable. Antibiotic-resistant cultures were prominent in
group III and the non-typeable group. The percentages
of group III strains resistant to 50 units or micrograms
per ml. were as follows: penicillin 87.5%, streptomycin
75%'o, chlortetracycline and oxytetracycline 43.7%. The
percentages of non-typeable strains resistant to 50 units or
micrograms per ml. were as follows: penicillin 66%o,
streptomycin 73%o, chlortetracycline 33% and oxytetra-
cycline 53%. Strains in group II and the miscellaneous
group were sensitive or slightly resistant to all antibiotics.
No correlation existed between the bacteriophage types
and death of the patients.

Patients surviving were treated with combinations of
antibiotics, which were selected on the basis of in vitro
sensitivity tests. The combinations included penicillin and
bacitracin, erythromycin and bacitracin, or carbomycin and
bacitracin.

Oxygent Contentt of Pulmoniary Artery Blood During the
Respiratory and Cardiac Cycle in Relation to Possible
Errors in Flow Measurement by the Fick Method.
EARL H. WOOD* and JOHN T. SHEPHERD, Rochester,
Minn.
Changes in blood flow and oxygen content associated

with respiratory or cardiac cycles may introduce large
systematic errors in determinations of cardiac output
(Visscher). To study this possibility, a method was de-

vised for withdrawal of blood samples from the heart and
great vessels during any phase of respiratory or cardiac
cycles. This consists of a synchronizer circuit controlling
an electromagnetic valve interposed between cardiac
catheter and blood-sampling syringe. Delay and hold
circuits allow the synchronizer when activated by the
onset of inspiration or expiration or by the R wave of
the ECG to hold the sampling valve open during any
portion of respiratory or cardiac cycles. Oxygen satura-
tion of blood withdrawn in this manner was determined
by photometry and manometric methods. In 8 subjects
without shunts (2 normal and 6 with mitral disease)
there was no demonstrable difference in oxygen content
of pulmonary artery blood during inspiratory or expira-
tory phases of the respiratory cycle. In 4 subjects (2
normals) there was no difference during systole and
diastole. Failure to demonstrate differences means that
if cyclic variations did occur, they were small. Hence,
possible errors from this cause in cardiac output values
by conventional Fick methods were also probably small.

Phasic differences in oxygen content of pulmonary
artery blood were not demonstrated in 4 patients with
large left-to-right shunts via atrial septal defects. How-
ever, small but probably significant changes in pulmonary
artery samples with the cardiac cycle were found in
some patients with patent ductus arteriosus or ventricular
septal defect. The direction and magnitude of the sys-
tematic error in determination of pulmonary blood flow
by the conventional Fick method under such circum-
stances is related to the product of the amplitude of the
variations and the cosine of the phase angle between the
variations in flow and oxygen content.

Quantitative Fractiontation of Serum Proteins Deter-
mined by Moving Boundary antd Paper Electrophoresis.
MOSES WURM, New York, N. Y. (Introduced by
Ernst P. Boas).
Paper electrophoresis gives satisfactory qualitative

separations of a variety of complex mixtures but the
quantitative aspects of the method as applied to serum
proteins have not been adequately examined. To obtain
consistently reproducible electrophoretic patterns that
lend themselves to quantitation it was essential to keep
the filter paper strips freely suspended in a taut, hori-
zontal position throughout the period of electrophoresis
and subsequent drying. Staining either with brom-
phenol blue or Amido-Schwarz 10B gave similar values.
The dry patterns were measured in a photoelectric densi-
tometer (Photovolt 501A) using white light, and curves
were obtained by plotting the antilog of the optical den-

973



PROCEEDINGSOF THE FORTY-SIXTH ANNUALMEETING

sity readings against distance of migration on the paper
strip. This conversion expressed the observed propor-
tionality, determined from calibration curves, between
optical density and the logarithm of protein concentra-
tion.

Serum protein distributions thus determined compared
favorably with the values obtaihed in a moving boundary
apparatus (Aminco Portable). Ten pairs of consecutive
determinations on the serum of a single donor by paper
(P) and moving boundary (M) electrophoresis expressed
in terms of relative protein concentrations gave the fol-
lowing mean results + S.E.: albumin (P) 58.5 ± 1.29 and
(M) 59.1 + .67 (t = .41); alpha,-globulin (P) 3.9 ± .27
and (M) 4.5 ±+.24 (t = 1.39); alpha2-globulin (P) 7.2 +
.27 and (M) 8.7 + .47 (t = 2.77); beta-globulin (P) 13.0
+ .56 and (M) 13.9 ± .35 (t = 1.36); gamma-globulin
(P) 17.4 +±.94 and (M) 13.8 +±.44 (t =3.46). Statisti-
cally, the albumin values showed a high degree of identity
while the alpha,-globulin and beta-globulin values were
at variance within experimental limits. The highly sig-
nificant difference in gamma-globulin values might be at-
tributed to protein adsorption on paper, an inherent char-
acteristic of paper electrophoresis. The significant dif-
ference between the alpha2-globulin values remains un-
explained.

Excretion of Hydroxyproline in Patients with Rheumatic
Diseases and int Children. MORRISZIFF, ANDREKIBRICK,
ELLIS DRESNERand H. JOEL GRIBETZ, New York, N. Y.
(Introduced by Currier McEwen).
Hydroxyproline constitutes 15 per cent of collagen, and

except for small amounts present in elastin, is found in
no other protein of the body. The excretion of this
amino acid was determined in patients with "collagen

diseases" as well as in control subjects in order to de-
termine whether differences due to abnormal collagen
metabolism might be detected. Forty-five adults and
fourteen children were placed on a standard low hydroxy-
proline diet. Free and total urinary oxyproline were de-
termined by the colorimetric method of Wiss, which was
shown to agree closely with a chromatographic, radio-
active isotope derivatization method. Total amino acid,
creatinine, and nitrogen were also determined.

Over 95 per cent of excreted hydroxyproline was in
bound form. Excretion was not increased by administra-
tion of cortisone or by ingestion of 4 grams of oxyproline
or proline daily, although there was a prolonged rise in
blood level and in excretion of free hydroxyproline after
ingestion of the latter. Hydrolysis studies suggest that
the bound hydroxyproline of urine is in peptide linkage.
Since this peptide is apparently not formed from adminis-
tered hydroxyproline, it may represent a breakdown
product of collagen.

No significant difference was observed between the ex-
cretion of hydroxyproline in normal adults and in a group
of adult patients with miscellaneous diseases on the one
hand, and patients with rheumatoid arthritis and other
"collagen diseases" on the other, either on an absolute
basis or as per cent of total amino acid. Thus no signifi-
cantly increased breakdown of collagen in patients with
diseases of the connective tissue was demonstrated.

The excretion of hydroxyproline in children was two
to three times greater than in adults on an absolute basis,
and four to five times greater when expressed as per cent
of total amino acid. Increased excretion of bound hy-
droxyproline by children may indicate the presence of an
increased pool of hydroxyproline peptide for collagen
synthesis in the growing individual.
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