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ABSTRACTS

Effect of Weight Gain During Adult Life on Serum Tri-
glyceride Concentrations of Normal Man. MARGARET
J. ALBRINK,* J. Wi1sTER MEIGS AND MORRIS GRANOFF,
New Haven, Conn.

The finding of high serum triglycerides in patients
with coronary artery disease prompted a study of the
association between serum lipids and various traits of
215 apparently healthy male factory employees between
30 and 70 years of age. Significant elevations of serum
triglycerides were associated with advancing age, obesity,
family history of diabetes or coronary artery disease,
and weight gain during adult life. The mean serum
triglyceride concentration of 78 men who had gained
less than 10 pounds since age 25 was 4.6 mEq per L com-
pared to 7.1 mEq per L for the 137 men who had gained
more than 10 pounds, a highly significant difference.
The weight-stable group did not show an increase in
later decades as did the weight gainers. Although
stocky men of stable weight had somewhat higher tri-
glycerides than lean men, those who achieved a moderate
degree of corpulence [estimated as height/(weight)-2
index] through weight gain during adult life had a mean
triglyceride concentration nearly twice that of men who
reached young manhood with this degree of adiposity
but gained no further weight during adult life. The
tendency for low triglycerides in men with negative
family histories noted for the entire group was not found
in the weight-gainers. Among the weight-stable men,
however, those with a negative family history had
significantly lower triglycerides than those with a posi-
tive family history and as a group had the lowest tri-
glycerides except for the leanest 7 per cent in whom
not a single instance of triglyceride concentration above
5.5 mEq per L was encountered regardless of family
history. Serum cholesterol varied roughly with tri-
glycerides but in general the differences between the
various groups was of a lower degree of significance.
It was concluded that weight gain during adult life was

the single most important factor associated with hyper- -

glyceridemia in normal men.

Metabolic and Circulatory Effects of Epinephrine in the
Forearm of Man. REUBIN ANDRES,* MARCEL BALTZAN,
GorooN Caper AND KENNETH L. ZIERLER* Baltimore,
Md.

Consensus of recent literature is that infusion of
epinephrine iv. in man causes sustained increase in
forearm blood flow and in systemic blood lactate con-
centration, but intra-arterial infusion causes only tran-
sient increase in forearm blood flow and no increase
in lactate production by peripheral tissues. It has there-

* Member.

fore been postulated that epinephrine itself lacks sus-
tained vasoactive effect and even glycogenolytic potency
in man and that some active intermediate is formed
by it to explain its iv. effects. Furthermore, the
effect of epinephrine on net postassium movement in
muscle is in dispute, and other studies in a variety of
preparations suggest that epinephrine inhibits glucose
uptake by skeletal muscle. We have tried to resolve
these reports, which are either internally inconsistent
or at variance with reports of epinephrine effects in
laboratory animals or in isolated systems, by carefully
controlled observations in 17 subjects in whom epineph-
rine was administered into the brachial artery (0.002
pg per kg body wt per minute for 25 minutes) to
achieve an arterial concentration of about 4 ug per L.
This dose exerted no systemic effect (constant arterial
glucose, lactate, K and free fatty acids) but it produced:
1) sustained doubling of forearm blood flow (so that
no vasoactive intermediate need be postulated), 2) 10-
fold increase in forearm lactate production (so that it is
glycogenolytic in man), 3) small increase of no sta-
tistical significance in glucose uptake, 4) large K uptake,
and 5) the anticipated increase in FFA release by fore-
arm adipose tissue.

The Effect of Blood Glucose on Circulating Bound and
Free Insulin. Harry N. ANTONIADES, KARE GUNDER-
sEN AND Hucm PyLE, Boston, Mass. (introduced by
Charles A. Janeway).

Earlier reports have presented evidence that insulin
circulates in the peripheral blood in two forms—a bio-
logically active “free” insulin and a biologically inactive
“bound” form. The bound insulin is complexed to basic
proteins and can be dissociated in vitro into biologically
active free insulin by centrifugation at pH 10 or by
incubation with adipose tissue extracts. Examination of
the ratio of free and bound insulin in nondiabetic subjects
shows that this ratio does not depend upon a pure
physicochemical equilibrium. Present studies suggest
that the ratio is related to the blood glucose level.
Examination of free and bound insulin before and after
glucose administration shows that a rise in blood
glucose results in a dissociation of the bound insulin.
Following the intravenous administration of glucose,
there is a rapid dissociation of bound insulin resulting
in an increase of free insulin. The free insulin falls with
the decreasing blood glucose level. At the end of 4 to
5 hours, the ratio of “bound” insulin to “free” again
returns to preglucose administration levels. In diabetic
patients, however, the rate of dissociation of bound
insulin, following glucose administration, is significantly
slower and does not reach the nearly complete dis-
sociation found in nondiabetic subjects.
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The Effect of 17-Ethyl-19-nortestosterone and Ictero-
genin on the Hepatic Metabolism of Bilirubin in
Normal and Gunn Rats. IrwiN M. Arias, SIDNEY
GOLDFISHER, ALEX B. NovikoFF AND EpwaArD EssNER,
New York, N. Y. (introduced by David J. Hamer-
man).

Conjugated hyperbilirubinemia, bilirubinuria and rela-
tively normal hepatic histology have been regularly
observed in humans after 17-ethyl-19-nortestosterone
(Nilevar) administration and in sheep and rabbits after
treatment with Icterogenin, an alkaloid obtained from
Lippia rehmanni. The administration of Nilevar or
Icterogenin to Wistar rats resulted in significant reduc-
tion in the maximal rate of excretion of bilirubin in the
cannulated bile duct following a constant intravenous
infusion of unconjugated bilirubin. The maximal rate of
excretion of bilirubin in the cannulated bile duct was
similarly reduced in Wistar and homozygous Gunn rats
following constant intravenous infusions of conjugated
bilirubin. Hepatic uridine diphosphoglucose dehydrogen-
ase and glucuronyl transferase activities were unaffected
by treatment with either Nilevar or Icterogenin. Al-
though the livers of treated animals appeared normal
in routine histological sections, marked changes were
apparent in both cytochemical and electron microscopic
preparations. The bile canaliculi (excretory surfaces)
showed dilatation and fragmentation accompanied by
decreased ATPase activity, increased alkaline phos-
phatase activity and considerable loss of microvilli.
Changes also occurred elsewhere in the cell membrane
and in acid phosphatase-rich lysosomes. These observa-
tions suggest that Nilevar and Icterogenin interfere with
the mechanism by which conjugated bilirubin is trans-
ported from the liver cell into the bile.

Alterations in Granulocyte Kinetics Induced by Epineph-
rine, Exercise, Endotoxin and Prednisone. JoN W.
ATHENS,* SPENCER O. Raas, Orro P. Haas, HELEN
ASHENBRUCKER AND GEORGE E. CARTWRIGHT* Salt
Lake City, Utah.

The influence of epinephrine, exercise, endotoxin and
prednisone on the total blood granulocyte pool (TBGP),
circulating granulocyte pool (CGP), marginal granulo-
cyte pool (MGP), half-time disappearance of granu-
locytes from the TBGP (Ti), and the granulocyte
turnover rate (GTR) has been studied in normal sub-
jects. Granulocytes were labeled in vitro by the method
described previously. Epinephrine infusion (5 subjects)
or acute exercise (4 subjects) caused a shift of granu-
locytes from the MGP to the CGP with no change in
TBGP, T3 or GTR. In 2 of 6 subjects given bacterial
endotoxin a neutropenia occurred 1.5 hours after endo-
toxin injection, but the TBGP was unchanged. The
neutropenia thus reflected a shift of granulocytes from
the CGP to the MGP. A neutropenic phase was not
detected in the remaining 4 subjects. Five hours after
endotoxin injection all 6 subjects had a leukocytosis and
the TBGP increased twofold. Endotoxin injection did

1023

not alter the granulocyte radioactivity curve during the
neutropenic period, but coincident with the rise in
granulocyte count a precipitous decrease in radioactivity
occurred. These findings suggest that endotoxin pro-
duced neutrophilia by causing an influx of unlabeled
granulocytes from the bone marrow into the TBGP. It
may also be inferred that in subjects who develop leuko-
penia there is a transient shift of granulocytes from
the CGP to the MGP. Five subjects were given
prednisone for 11 days. The TBGP increased 67 per
cent and the T3 was prolonged. The GTR was un-
changed. Rapid infusion of hydrocortisol produced a
marked neutrophilia but there was no sharp decrease
in the radioactivity curve. These data suggest that
steroid neutrophilia does not result from an influx of
granulocytes from the marrow.

Leukocyte D-Antigenicity Studied by Means of a Specific
I*-labeled Anti-D Antibody. ArRTHUR E. BARNES,
HerRNANDO SARASTI AND WALLACE N. JENSEN,* Pitts-
burgh, Pa.

Specific I'*® anti-D antibody eluates (I*anti-D) were
prepared from the globulin fraction of high-titered anti-D
serum. The I*anti-D was isolated by adsorption to
D-positive (ccDee) erythrocytes and by subsequent
elution with citric acid buffer. Immunologic specificity
of the I*anti-D was demonstrated by 70 to 80 per cent
total uptake by D-positive erythrocytes as compared
with 2 to 10 per cent nonspecific adherence to D-negative
erythrocytes and test tube. The amount of erythrocyte
D-antigen necessary for a significant I*anti-D uptake
above nonspecific adherence varied and was estimated by
the disappearance of differences between the I*anti-D
uptake on equal numbers of D-negative and D-positive
erythrocytes in serial dilution. A 3 per cent greater
I*anti-D uptake by D-positive erythrocytes than by
D-negative erythrocytes was the minimal difference
considered significant. Leukocyte suspensions isolated
by differential sedimentation from 7 normal and 2
leukemic D-positive donors showed no I*anti-D uptake
not attributable to the I*anti-D bound by contaminant
erythrocytes or by nonspecific adherence. The amount
of I*anti-D bound by the contaminant erythrocytes and
nonspecific adherence was estimated by the amount of
I*anti-D bound by the same number of erythrocytes as
measured in each leukocyte suspension. Leukocytes from
5 other normal and 1 other leukemic donor showed small
I*anti-D uptakes not attributable to D-positive erythro-
cyte contamination or nonspecific adherence; however,
the mean I*anti-D uptake of this group was only 3.6
per cent of the uptake by equal numbers of D-positive
erythrocytes. In addition, paired leukocyte suspensions
from three D-positive and three D-negative donors had
similar I*anti-D uptakes. Furthermore, serial dilutions
of these leukocyte suspensions failed to show the at-
tenuation of the total I*anti-D uptake expected when
specific D-antigen sites were decreased in number.
These investigations strongly suggest that leukocytes
have very few or possibly no specific D-antigen sites.
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Metabolic Functions of Vitamin Bi: The Possible
Relationship of Megaloblast Formation to Unbalanced
Growth in Bacteria Requiring Vitamin Bi. WILLIAM
S. Beck,* Boston, Mass.

Although the megaloblast is a familiar morphological
entity, few precise statements can be made about the
mechanism of megaloblast formation. This shortcoming
is attributable to 1) technical difficulties in obtaining
homogeneous megaloblast populations; 2) faulty con-
clusions from existing data; and 3) incomplete knowl-
edge of the nutritional basis of megaloblast formation
in different species, of the means by which nutritional
repletion reverses the process, of the biochemical func-
tions of vitamin B, and pteroylglutamic acid, and of
the nutritional interactions of bone marrow elements.
Our studies of the role of vitamin B, in bacterial
nucleic acid metabolism have implicated Bi. in the bio-
synthesis of deoxyribonucleosides or deoxyribonucleotides.
It appears that B participates (directly or indirectly?)
in the reduction of ribosyl to deoxyribosyl groups, a
reaction resembling other Bi-linked reductions (e.g.,
methyl synthesis) but differing from the Bio-linked
isomerases (methylmalonyl CoA and glutamate) in
which there is no net change in oxidation level and Bie
participates directly as a coenzyme. Evidence implicating
B.. in this conversion includes the nutritional sparing of
vitamin B by deoxyribosides in lactobacilli and the
observed effect of Bi: on the production of acid-soluble
deoxyribonucleosides or deoxyribonucleotides and DNA.
Indications were also obtained that vitamin B:. has no
direct role in thymine synthesis. In addition, the un-
balanced growth phenomenon was observed in Lacto-
bacillus leichmannii cultivated in limiting vitamin By, or
deoxyriboside. This is characterized by long filamentous
forms in which cell division and DNA synthesis are
defective while RNA and protein synthesis proceed
normally. Similar results were obtained with Bie-starved
Euglena gracilis. It will be shown that the biochemical
characteristics of these filaments correspond with those
described in the megaloblasts of pernicious anemia. They
may therefore serve as useful models of the megalo-
blastic growth of Bi: deficiency which is thus visualized
as unbalanced growth due to diminished DNA synthesis
resulting from impaired deoxyribosyl synthesis. The
implications of this hypothesis will be examined.

Histochemical Topography of Anterior Pituitary: Cor-
relations Between Enzyme Activities and Endocrine
Function of Individual Cells. S. BLEicHER, M.
KarNovsky aND N. FreiNKEL,* Boston, Mass.

The responsiveness of adenohypophyseal carbohydate
metabolism_ to insulin (Goodner and Freinkel) prompted
further assessment of correlations between endocrine
function and intermediate metabolism in anterior pitui-
tary. Cryostat sections of male rat pituitary were
incubated with Nitro-BT for histochemical localization
of a) DPN- and. TPN-diaphorases (DPND, TPND)
as indices of electron transfer, and b) glyceraldehyde-3-P
dehydrogenase (G3PD) and glucose-6-P dehydrogenase
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(G6PD) as representative enzymes of glucose disposition
by glycolysis or direct oxidation, respectively. In adeno-
hypophyses from normal animals, all cells displayed
distinct TPND activity; less uniform reactivity obtained
for DPND and G3PD; G6PD staining was patchy and
variable. The reactions were most pronounced in the
ovoid cells around the portal vessels which have been
previously implicated in the secretion of gonadotropin.
Their gonadotropic character was corroborated by
orchiectomy. Within 3 to 4 days following castration,
histochemical reactions were intensified in these cells
(TPND > G6PD > G3PD > DPND) although other
pituitary components were unaltered. Eventually, co-
incident with diffuse increase in “gonadotropes” (as
judged by conventional histology), cells with augmented
histochemical activity also became more numerous.
Maximal reactions were seen in the signet-ring “castra-
tion cells” which appear several weeks after orchiectomy.
The data indicate that a) pituitary cells may be differ-
entiated by histochemical enzyme reactions; b) focal
enzymatic changes may be associated with specific
hormogenic challenges; and ¢) such localized metabolic
realignments may be among the earliest indices of altered
function. With regard to ¢, the heightened enzymatic
activity of normal “gonadotropes” may be involved in
the disparate vulnerability of gonadotropic function to
diverse metabolic insults.

The Effect of Serum Albumin Infusion upon Lipid
Mobilization in the Nephrotic Syndrome in Man. M.
D. BocponorF, J. Linmart, R. F. KLein anp E. H.
Estes, Jr., Durham, N. C. (introduced by W. M.
Nicholson).

In order to test the thesis that the interrelationship of
serum albumin and the serum lipids is of specific import
to the plasma lipid abnormality of the nephrotic syn-
drome, the following studies of lipid mobilization in man
were conducted. Lipid mobilization was effected by a
standardized (15 minutes; total dose, 150 ug) infusion
of norepinephrine, and the pattern of change of the
plasma free fatty acid (FFA) was followed. All sub-
jects were observed in the resting, fasting state. The
peak rise in FFA level is used as an index to the
magnitude of lipid mobilization. Pulse, blood pressure,
hematocrit, serum cholesterol, triglyceride, protein, al-
bumin and glucose were also measured. In 20 metaboli-
cally normal individuals the mean peak FFA rise was
+600 nEq per L; in 6 patients with the nephrotic syn-
drome the peak FFA rise was +54 uEq per L (p <0.01).
Blood pressure and pulse changes were similar.
Following the infusion of 50 g of salt-poor human serum
albumin (over a 30 minute period), the peak rise in
normal subjects was further heightened to -1,000
#Eq per L; in the nephrotic patients peak values were
increased to +300 xEq per L. (Difference between the
means, p <0.01.) In two of the nephrotics serum tri-
glycerides decreased following albumin and norepineph-
rine beyond the decrement accounted for by the expansion
of plasma volume. In two other individuals with non-
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nephrotic hypoalbuminemia, peak FFA rises were also
tow (+40, +50 xEq per L), and were similarly enhanced
following the infusion of albumin (4250, +300 xEq per
L). These studies are interpreted to indicate that the
process of lipid mobilization is significantly modified by
the nephrotic syndrome, and that this decreased respon-
siveness may be, in part, temporarily reversed by the
infusion of serum albumin. It is further suggested that
the hypertriglyceridemia may reflect a response to the
loss of plasma FFA binding sites.

Congenital Adrenal Hyperplasia due to Deficiency of
38-Hydroxy Steroid Dehydrogenase. ALFRED M.
BoNGIOVANNI* AND WALTER R. EBERLEIN,* Phila-
delphia, Pa.

Three unusual infants with the salt-losing form of
congenital adrenal hyperplasia have been studied (one a
male and two female pseudohermaphrodites). All died
within the first few months of life in spite of presumably
adequate therapy. Two of the infants had siblings who
died with similar symptoms. Postmortem examination
was performed on one of the studied cases and on the
sibling of another. The excretion of total neutral
17-ketosteroids and Allen chromogens in the urine of
all three cases was elevated and fell during treatment
with cortisol.  Pregnane-3a,17«,20a-triol, pregnane-
3a,17a-diol-20-one, and pregnane-3a,17a,20a-triol-11-one,
generally found in large amounts in the urine in other
subjects with this form of disease, were virtually absent.
Urinary Porter-Silber chromogen excretion was ex-
tremely low and no metabolites of cortisol were de-
tected by paper chromatography of suitably prepared
extracts of urine. The major urinary steroid metabolites
were present in the nonglucuronoside, digitonin-precipi-
table {fraction, recovered by solvent extraction after
solvolysis in tetrahydrofuran with 10-2 N perchloric
acid or prolonged heat hydrolysis at neutral pH and
reconstitution in acidic ethanol. The predominant steroid
isolated was identified as A5-pregnene-38,17a,20a-triol.
Smaller amounts of A5-pregnene-38,20a-diol were also
detected. Dehydroepiandrosterone accounted for ap-
proximately 25 per cent of the total 17-ketosteroids.
Other ketonic steroid metabolites, tentatively identified,
were AS-pregnene-38,17a-diol-20-one and AS5-androstene-
3B,16a-diol-17-one. Certain of these metabolites have
previously been isolated from the urine of subjects with
adrenocortical neoplasms, but this is the first reported
instance of their excretion in subjects with congenital
adrenal hyperplasia. These findings indicate a third
specific defect in adrenal steroidogenesis in the latter
syndrome, a primary deficiency of the adrenocortical
enzyme, 38-hydroxy dehydrogenase.

Procedure for Isolation and Determination of Human
Blood Angiotensin. R. Boucuer, P. BiroN AND J.
GENEsT, Montreal, Canada (introduced by Vincent
P. Dole).

This procedure, modifying in several aspects Paladini’s
method, involves: 1) direct ethanol precipitation of 100
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to 400 ml of arterial or venous blood, 2) ether extraction
of the filtrate, 3) successive purification of the aqueous
phase by column and paper chromatography. Angio-
tensin, located by its Rf value, is assayed in a rat prepa-
ration for pressor activity. This procedure is sensitive
to 0.005 ug. Recovery of angiotensin is quantitative.
Specificity is based on the following similarities with
the standard valine-5 angiotensin II asparaginyl:
1) identical Rf values in two different paper chromato-
graphic systems, 2) identical migration rate in one
paper electrophoretic system, 3) identical pressor re-
sponse curve in the rat assay, 4) angiotensin added to
blood or isolated from blood during infusion of this
substance, shows the same characteristics as mentioned
in 1, 2 and 3; 5) the angiotensin isolated from human
serum after incubation with a renin preparation from
renal tissue of a patient with unilateral renal hyper-
tension, shows the same characteristics as the material
isolated from hypertensive patients; 6) inactivation by
trypsin.  Arterial angiotensinemia during angiotensin
infusion given at hypertensive rates (30 mm Hg diastolic
pressure above control levels) varies between 0.035 and
0.200 ug% of blood. So far, 20 normal subjects and 40
patients with various types of hypertension have been
studied. Based on the above criteria, angiotensin is
present in some hypertensive patients.

An  Abnormal Serum Cholesterol Ester Fatty Acid
Pattern in Liver Discase. C. Y. Bowers, James E.
MuLbrey, JamMeEs G. HaMILTON AND O. NEAL MILLER,
New Orleans, La. (introduced by Grace A. Gold-
smith).

The ratio of free cholesterol to its esters in human
serum has been used as a test of liver function. To
extend these observations the cholesterol ester fatty acid
pattern was determined in sera of patients with various
liver diseases. Serum lipids are chromatographed on
silica gel-coated glass fiber paper. Chromatography in
iso-octane (20 minutes) completely separates cholesterol
esters into five fractions: S, saturates, O, oleate and
palmitoleate; L, linoleate; A, arachidonate and linole-
nate; and P, higher polyenoates. Esters are visualized
as charred spots after treating with sulfuric acid followed
by heating and were determined quantitatively by den-
sitometry of the charred spots. Representative values
for S, O, L and A are 25, 70, 120 and 25 mg% in normal
persons and 20, 75, 45 and 20 mg% in patients with
cirrhosis of the liver. This reversal of the O/L ratio
has been conspicuously absent in patients with endocrine
abnormalities and various lipid disorders, including pa-
tients with .hypercholesterolemia on varied dietary
regimens. It is probable that studies of cholesterol
esters in liver disease may elucidate some of the regu-
lating factors which influence the metabolic turnover
of the fatty acid moieties,
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Heterogeneity of Serum Alkaline Phosphatases: The
Influence of Race, Pregnancy, Growth and Disease.
SamMueL H. Bover, RICHARD SCHULTZ AND ROBERT
WEILBACHER, Baltimore, Md. (introduced by Victor
A. McKusick).

A variety of investigations have established the pres-
ence of several phosphatases in human serum. We have
demonstrated 13 serum alkaline phosphatases by starch
gel electrophoresis and subsequent enzyme identification
by histochemical methods. Less effective resolution was
obtained by cellulose column chromatography. Ten
components are a,-globulins and three are g-globulins.
No single individual exhibits all components. Patterns
observed in normal white adults are generally quite
similar and consist of two principal zones of activity.
Approximately 4 per cent of American Negroes have
a group of phosphatases not observed in whites. One
of these latter components possesses a mobility identical
to the principal alkaline phosphatase purified from human
intestine. The alkaline phosphatases associated with a
variety of diseases do not usually differ electrophoreti-
cally from the normal pattern, and when different are
not specific for any particular disorder. From birth to
adolescence the two principal zones of phosphatase
activity differ slightly from the adult pattern. Patterns
appearing in children with hypophosphatasia or rickets
are electrophoretically indistinguishable from the normal
childhood pattern. During pregnancy additional electro-
phoretic zones of phosphatase activity start to appear
beginning at about Week 15 of gestation. By Week 31
nearly all women exhibit the additional components,
which disappear shortly after delivery. One particular
component, unique to pregnancy, appeared in 36 of 57
white women who were in Week 31 of their confine-
ment. In a similar group of 59 American Negroes this
component was present in only 14 individuals. The
racially associated heterogeneity of certain serum
alkaline phosphatases suggests a genetically determined
polymorphism. The tissue source of the various enzymes
can possibly be established by comparison with purified
phosphatases from several tissues and by immuno-
chemical methods.

Stimulatory Effect of Chlorobutanol on Uridine Di-
phosphate Glucose Dehydrogenase. GEORGE A. Bray
ANdD A. H. ConnNEey, Bethesda, Md. and Rochester,
N. Y. (introduced by Lawrence E. Young).

Patients with essential pentosuria have a metabolic
block in the glucuronic acid pathway leading to the
excretion of large amounts of L-xylulose. Aminopyrine
stimulates the excretion of L-xylulose in these patients
presumably by stimulating this pathway. Administration
of aminopyrine, chlorobutanol, barbiturates and several
other drugs to rats has the dual property of accelerating
the formation of ascorbic acid through the glucuronic
acid pathway and of increasing the activity of certain
drug-metabolizing enzymes in liver microsomes. In wvitro
studies with rat liver preparations have shown that the
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effect of chlorobutanol administration in vivo cannot be
explained by altered activities of hepatic glucose-6-
phosphate dehydrogenase, 6-phosphogluconate dehy-
drogenase, phosphoglucomutase, uridine diphosphate
glucose (UDPG) pyrophosphorylase or by altered activi-
ties of the enzyme systems that convert p-glucurono-
lactone to L-gulonolactone or which convert L-gulono-
lactone to L-ascorbic acid. However, chlorobutanol
administration increases the activity of UDPG dehy-
drogenase by about 100 per cent. Chlorobutanol admin-
istration also has a marked effect in stabilizing UDPG
dehydrogenase.  This enzyme, when obtained from
control rats, is unstable if allowed to age at 4° C for
5 days but is stable when obtained from chlorobutanol-
treated rats. The enzyme preparations obtained from
control rats can be stabilized by the addition of UDPG
or uridine diphosphate glucuronic acid (UDPGA) but
not by the addition of ATP or chlorobutanol. It is pos-
sible that increased activity of UDPG dehyrogenase may
make more UDPGA available for ascorbic acid syn-
thesis and for drug glucuronide formation. Administra-
tion of chlorobutanol and other drugs that stimulate
ascorbic acid synthesis via the glucuronic acid pathway
also stimulates the activity of enzyme systems in liver
microsomes that metabolize drugs. The mechanism by
which drug administration elicits these adaptive responses
is being investigated.

Biosynthesis of Urea in Kidney Tissue Without
Exogenous Substrate. 'WiLLiaM A. Bropsky* Anp H.
C. Huang, Louisville, Ky.

Urea and ammonia concentrations of kidney cortices
of dogs were observed under in wvitro conditions. Ho-
mogenates or slices of cortex were immersed in K-rich
Ringer’s solutions with and without added substrates.
Urea concentration increased from initial levels of ca.
15 to 19 umoles per g in 1 to 2 hours. Free ammonia,
measured simultaneously in the same aliquots increased
from 3 to 8 umoles per g. Rate of formation of urea
in slices was increased slightly by addition of citrulline,
glutamate, Mg**, and cytochrome C. In one case, urea
concentration remained fixed when the tissue was incu-
bated in Na-rich Ringer’s. In another, urea concen-
trations remained fixed when tissue was incubated in a
citrulline glutamic acid Ringer’s of pH 4. Findings con-
firm and extend those of Krebs, Borsook and Cohen who
found urea or arginine formation in kidney slices and
homogenates, but only with added substrate. This might
explain changes of urea clearance in sheep on high and
low protein diets (Schmidt-Nielsen), as well as the high
urea/inulin ratios in micropuncture samples of distal
convoluted tubules (Lassiter, Gottschalk).

Chromatographic Studies of Endogenous Pyrogen. NOR-
MAN K. BrowN AND RoBeErT G. PETERSDORF, Seattle,
Wash. (introduced by William M. M. Kirby).

Endogenous pyrogen (EP) has been found in the
blood stream of animals given bacterial endotoxins,
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myxoviruses, tuberculin-sensitive animals challenged with
old tuberculin, and in experimental pneumococcal,
streptococcal, and staphylcoccal infections. EP is pre-
sumably derived from injured leukocytes, and leukocytic
exudates have been found pyrogenic for animals of the
homologous species. Precise biochemical characteriza-
tion of EP has not been accomplished although available
data indicate that it is a protein. In the present studies
column chromatography was employed to purify EP, to
delineate its biochemical properties and to determine
any possible biochemical relationship between serum
and leukocytic EP. EP was produced by intravenous
administration of typhoid vaccine to rabbits. Two-hour
serum was obtained and dialyzed to 0.01 M ionic
strength. Dialyzed serum was placed on columns of
diethylaminoethyl-cellulose (DEAE) in Tris-succinate
buffer at pH 8.2 or in acetate buffer at pH 4.5 to
5.4. Stepwise elution was accomplished with increasing
concentrations of NaCl. Tests for pyrogenicity in
rabbits, paper electrophoresis, and biuret protein determi-
nations were performed on each eluted fraction. EP
was consistently eluted from columns at pH 82 with
salt concentrations of 0.05 to 0.1 M. Under these con-
ditions, only fractions containing «- and B-globulins
were pyrogenic. More efficient purification was obtained
with columns at pH 4.5, where EP was adsorbed in
association with a-globulins. The remaining serum
proteins, comprising about 80 per cent of the original
sample, had no affinity for DEAE at this pH. These
results suggest that serum EP resides in the electro-
phoretic a-globulin fraction. This method of selective
absorption of EP from nonpyrogenic serum proteins
may offer a valuable approach to further purification of
EP and its characterization in various types of fever.
Preliminary chromatographic studies of EP from leuko-
cytic exudates have paralleled those of EP derived
from serum.

A New Parameter in Evaluation of Normal and Ab-
normal Tissue Slice Metabolism. Ebpwarp A. BrRUN-
NER AND M. A. SpirtEs, Philadelphia, Pa. (introduced
by Joseph R. Di Palma).

The rate of anaerobic glycolysis of normal liver slices
can be increased 5- to 10-fold by immersing the slices
in hypertonic cofactor-enriched medium. This marked
increase in the QMco, was found to be accompanied by
a comparable increase in the production of lactate.
Analysis of the various cofactors in the medium by
exclusion experiments showed that hypertonicity, ATP
and DPN were the agents responsible for the increased
rate of glycolysis. By separating the slices from the
surrounding medium following a 10-minute period of
preincubation and then determining the glycolytic rate
in the latter alone, it was demonstrated that a large part
(about 50 per cent) of the increased glycolytic activity
was present outside the slice if fructose 1,6-diphosphate
was used as substrate. No glycolytic activity could be
demonstrated in the surrounding medium when glucose
was added as substrate. Thus, some leakage of glycolytic
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enzymes occurred into the hypertonic-enriched medium,
but at least one of the first three enzymes of the
glycolytic series either did not leak or was destroyed
outside the slice. The possibility was next investigated
that the hypertonic-enriched medium might unmask a
metabolic change in an abnormal tissue slice which had
not manifested itself in Ringer’s solution. Liver slices
from hyperthyroid animals are known to show a glyco-
lytic rate similar to those from normal animals, in
Ringer-type solutions. Utilizing the hypertonic cofactor-
enriched medium it was possible to demonstrate a
metabolic difference between the two types of slices,
one which heretofore could not be demonstrated. The
hyperthyroid slices resisted the stimulation to glycolysis
which the enriched medium was able to induce in normal
liver slices; they maintained a glycolytic rate similar
to that which they demonstrated in the Ringer-type
medium. In investigating the metabolism of tissues
from animals with various physiological abnormalities,
the possibility of using experiments similar to those
outlined above should be considered. In this way it may
be possible to show changes in other parameters where
such changes have not in the past been found using a
Ringer-type medium.

Changes in Erythrocyte Cation Concentration in Chronic
Respiratory Insufficiency. C. E. Buckiey, IIT aAnp
H. O. Siexker,* Durham, N. C.

Patients with chronic respiratory insufficiency often
tolerate marked hypercapnia but may develop uncom-
pensated respiratory acidosis without striking change in
the elevated arterial carbon dioxide tension. Serum
electrolyte alterations in such patients are recognized,
but changes in intracellular cation concentrations have
not been investigated. To assess the intracellular
changes in these ions, sodium and potassium concentra-
tions were determined in erythrocytes and plasma.
Observations were made on 14 normal subjects and on
62 patients with varying degrees of respiratory in-
sufficiency. The mean erythrocyte potassium value for
14 controls was 974+ 130 mEq per L of red blood
cells. Patients with compensated respiratory acidosis
(arterial pH above 7.34) had a mean erythrocyte
potassium value of 107.0 = 2.28 mEq per L, while those
with uncompensated respiratory acidosis (arterial pH
below 7.35) averaged 95.5 = 2.52 mEq per L. Erythro-
cyte sodium concentrations in patients with severe
respiratory acidosis and cor pulmonale ranged up to
746 mEq per L, as compared to a mean of 14.0
mEq per L for controls. Congestive heart failure and
decompensated respiratory acidosis were associated with
lowering of the erythrocyte potassium concentration in
proportion to the severity of the heart failure. Low
plasma sodium values were observed in some of the
patients in this group. The total of the two cations,
sodium and potassium, ranged as high as 181.5 mEq per L
in this group as compared to a mean of 111.4 mEq per L
for controls. These data suggest that the erythrocyte
sodium and potassium concentrations portray the reten-
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tion and distribution of cations secondary to bicarbonate
retention in chronic respiratory insufficiency. The shift
of sodium into the red cell and the associated potassium
loss reflect decompensation with respiratory acidosis
and congestive failure.

The Effect of Mineralocorticoids on Renal Handling of
Potassium. RoBERT CADE AND ROBERT SHALHOUB,
New York, N. Y. (introduced by Ralph E. Peterson).

According to Berliner, potassium excreted in urine
enters the tubular fluid as a result of ion exchange in
distal tubules and collecting ducts. Exchange of Na for
K and H ions in the distal tubule can be increased by
administration of mineralocorticoids. We have investi-
gated the relationship between Na load and K excretion
by infusing Na.SO. into normal and adrenalectomized
humans and dogs and into humans with spontaneously
occurring adrenal insufficiency and have found that
activity of distal ion exchange processes is related to dose
of administered mineralocorticoid. In normal and in
adrenalectomized animals with mineralocorticoid replace-
ment, potassium excretion is directly proportional to Na
load until a K excretory plateau is reached; further
increases in Na load then have no effect on K excretion.
The ratio UVk/UVna, when UVk is below the excretory
plateau, is a function of mineralocorticoid levels.
With large doses of steroids, ratios approaching 2 are
obtained; with decreasing doses, the ratio decreases
progressively to less than 0.1. Adrenalectomized ani-
mals without mineralocorticoid replacement do not vary
K excretion with alterations of Na load; when the
glomerular filtration rate is changed, however, excretion
of K varies in direct proportion to the alteration of
filtered K. In the absence of mineralocorticoid we
interpret this data as indicating complete inactivity of
distal ion exchange; all excreted potassium results from
filtration and incomplete reabsorption. When mineralo-
corticoid is present, the activity of distal ion exchange
is related to the steroid level. The maximal K excretory
plateau is affected by body stores of K and other factors
but cannot be raised by increasing steroid doses.

The Altered Distribution of the Bile Acid Pool in
Obstructive Jaundice and its Correction, Including
Relief of Pruritus, with a Bile Acid Sequestering
Resin.  James B. Carey, Jr., Minneapolis, Minn.
(introduced by C. J. Watson).

The hypothesis has long been held that the pruritus
of jaundice is related to increased concentrations of bile
acids in blood. The bile acid pool is normally confined
almost entirely to the enterohepatic circulation; only
small amounts escape in feces and even smaller quantities
occur in systemic blood. To investigate the altered
distribution and excretion of bile acids in pruritic jaun-
dice and the effect of removing them from the entero-
hepatic circulation, total serum bile acid concentrations
were measured spectrophotometrically and fecal de-
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oxycholic acid was quantitated after isolation by column
chromatography. Bile acids were removed from the
enterohepatic circulation by feeding an anion exchange
resin (MK-135) which binds them in a nonabsorbable
complex. The fecal excretion of deoxylcholic acid was
increased from 54 to 500 mg per day in a healthy adult
fed 10 g daily. Resin administration to six jaundiced
patients with severe pruritus and hyperbileacidemia
(24 to 114 ug per ml) lowered serum bile acids and
relieved pruritus in each patient. One, a 5 year old
boy, with congenital biliary atresia and unrelenting
pruritus had total serum bile acids of 115 ug per ml
and excreted <1 mg deoxycholic acid per day. Resin
feeding lowered serum bile acids to 20 ug per ml and
increased fecal deoxycholic acid to 15 mg daily.
Pruritus ceased for the first time in his life. In two
patients resin withdrawal increased serum bile acids and
pruritus returned; refeeding again lowered serum bile
acids and relieved pruritus. These observations demon-
strate that the altered distribution of the bile acid pool
in incomplete biliary obstruction can be partially cor-
rected by a resin which removes bile acids from the
enterohepatic circulation, thus increasing the fecal excre-
tion and lowering serum concentrations. The latter is
associated with relief of pruritus, indicating that bile
acids play an important role in the pruritus of jaundice.

Transient Excretion of Phosphate after Injection of its
Potassium Salt. GaspAR CARRASQUER, Louisville, Ky.
(introduced by J. Murray Kinsman).

Renal secretion of phosphate was observed in dogs
following injection of KH,PO, into the renal artery,
using the technique of Chinard. Nembutalized dogs
were given priming and maintenance infusions of man-
nitol, creatinine, KH.PO, and NaH.PO,, in amounts
sufficient to maintain high steady-state levels of urine
flow, and to maintain constant levels of creatinine (1 to
2 wmoles per L) and of phosphate (3 to 5 umoles per L)
in plasma. After 40 to 60 minutes of maintenance
infusion, instantaneous injection of KH,PO, and creati-
nine (500 wumoles each) was delivered into one renal
artery. Following injection, 20 to 30 aliquots of urine
were obtained at 6 to 18 seconds each. The pattern
of phosphate excretion as compared with creatinine
excretion was similar to that obtained when NaH.PO,
was injected into the renal artery with elevated plasma
phosphate. In short, the transient clearance, or incre-
ment of phosphate excreted per unit injected per one
renal circulation exceeded that of creatinine during both
upsweep and downsweep of the excretory response.

Disorders of Potassium Metabolism in Liver Disease.
T. H. Casey, W. H. J. SuMMERSKILL AND A. L.
Ogrvis, Rochester, Minn. (introduced by H. R. Butt).

Isotope studies were made in 37 patients with cirrhosis
and hepatitis to define the postulated importance of dis-
ordered potassinm metabolism in complications associated
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with liver disease. Conflicting relationships between
serum potassium (XKs), exchangeable potassium (Kg),
exchangeable sodium (Nag), total body water (TBW),
body weight (BW) and dry body weight (DBW),
and variable responses to administration of potassium
salts, hindered identification of potassium depletion.
Serial changes in Kz and Kg/DBW (30 patients)
were most valid in defining metabolic interrelationships.
Potassium depletion (low Kg and Kg/DBW) and the
ability to retain potassium quickly (12 patients) were
related to severity of the liver disease, rather than to
ascites or diuresis with its treatment (16 patients).
An association between ammonia and potassium metabo-
lism was indicated in 8 noncomatose patients by in-
creasing fasting arterial ammonia concentrations
(NH.A) in relation to decreasing Kg/DBW. In hepatic
coma, changes in the EEG were related either to changes
in NHLA or to changes in Kg, where one value remained
relatively constant. Extracellular pH was not a factor.
During chlorothiazide therapy, clinical and EEG
changes of coma were associated with elevation of
NH,A without changes in Ke. A direct effect of chloro-
thiazide on ammonia metabolism was also demonstrated
by significant elevation of NH.A at 60 minutes after
the drug was given in ammonia tolerance tests performed
with and without chlorothiazide in 11 patients. In 14
patients with disorders of water and electrolyte metabo-
lism, phases of dilution and azotemia were demonstrated.
Hypokalemia was primarily due to dilution (shown by
changes in serum sodium (NAs) related to Nag +Kg/
TBW. In azotemia (8 patients), hyperkalemia and
ECG changes developed without potassium retention
(increase in Kg) and despite greater dilution. Since
falls in Nas and rises in Kg were greater than could be
accounted for by changes in Nag+ Kg/TBW, hyper-
kalemia appear to result primarily from intercompart-
mental shifts of sodium and potassium.

External Secretory Function of Pancreas in Diabetes
Mellitus. W. Y. CHEY, H. SHAY AND C. R. SHUMAN,
Philadelphia, Pa. (introduced by Richard A. Kern).

Whether changes in external pancreatic secretion can
occur in diabetes mellitus has long been debated. Re-
sponses of serum amylase and lipase and of the duodenal
contents in the pancreozymin-secretin test were com-
pared in 70 diabetic and 40 patients free of gastro-
intestinal disease. In 50 hospitalized adult diabetics
selected by the method of randomization, 10 showed
either elevated fasting serum enzyme values or an ab-
normal serum enzyme response after the hormones were
injected and 18 patients showed abnormal values in the
duodenal contents. Similar abnormal duodenal findings
were obtained in all 6 cases of juvenile diabetes. The
most common abnormality was a low amylase output.
Diabetic patients with unexplained abdominal symptoms
in whom other laboratory studies including gastro-
intestinal X-ray revealed no abnormality, yielded a
higher incidence of abnormal results with the pancre-
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ozymin-secretin test than did those without such symp-
toms. Exocrine pancreatic function was further evalu-
ated in selected patients by starch tolerance, I™-triolein
tests and stool examination for fat and undigested meat
fiber. These results will be discussed. Duration or
severity of disease or complications in the diabetics
with abnormal external pancreatic function were not
different from those with normal function. Involvement
of the islets of Langerhans in primary chronic disease
of the acini (chronic relapsing pancreatitis) is well
known; the reverse process apparently also can occur in
diabetes.

Demonstration of an Essential Role of the Anterior
Pituitary in Cushing’s Syndrome Associated with
Bilateral Adrenal Cortical Hyperplasia. NicHoLas P.
CHrisTY* AND WiLLiaM D. Drucker, New York,
N. Y.

Many attempts have been made to detect adrenocortico-
tropin in blood of patients with Cushing’s syndrome
associated with bilateral adrenocortical hyperplasia in
order to implicate the pituitary in etiology of the disease.
Adrenocorticotropin has not been demonstrable except
after adrenalectomy. Earlier work by Jailer and co-
workers showed an adrenocorticotropin of obscure nature
and origin in plasma of patients with the untreated
disease. To characterize this adrenocorticotropin further,
the observations have been extended using an accurate
and sensitive bioassay: prevention of adrenal atrophy in
hypophysectomized rats by 9-day injection of patients’
plasma, endpoint being comparison between average
adrenal weights (AAW) of groups of 6 to