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INTRODUCTION

Liver disease is often associated with abnormal
water metabolism, as demonstrated by impaired
water diuresis following oral hydration (1-4) and
by water retention leading, at times, to edema and
contributing, in part, to ascites formation.

Because the secretion of the posterior lobe of
the pituitary inhibits the excretion of water, at-
tempts have been made to relate this antidiuretic
hormone (ADH) to the water retention observed
clinically in patients with liver disease. Thus there
are several reports on an antidiuretic substance,
found in greater amounts than in normals, in both
the sera and urines of such patients (5-7). Al-
though this substance (ADS) has been thought
to represent the actual secretion of the posterior
pituitary (ADH), differences between the two,
based chiefly upon the behavior of ADSand Pitres-
sin on dialysis, have been reported. These differ-
ences have been summarized by Ames, Moore and
Van Dyke, who have undertaken a more detailed
characterization of urinary antidiuretic hormone
secreted by the intact posterior pituitary gland (8).
Their experiments indicate it is a large molecule
as shown by its sedimentation in the ultracentri-
fuge.

One explanation for the observed increase in
serum and urinary ADSin hepatic disease has been
that the damaged liver may not sufficiently inac-
tivate the antidiuretic hormone (5, 3, 9). This
supposition has been based on the demonstration
in titro that extracts of normal liver tissue have a

1 Presented in part before the Society of Experimental
Medicine and Biology, New York Section, on February 7,
1951.

2This study has been supported by a grant from the
American Heart Association.

3 This work was done during the tenure of a Research
Fellowship of the American Heart Association.

4 Present address: The Mount Sinai Hospital, New
York City.

marked ability to inactivate Pitressin (10-12),
and that Pitressin injected into a site with hepatic
portal drainage (in the rat) is less effective than
that introduced into the general circulation (11).
However, there has never been any conclusive
evidence against the concept of overproduction of
the posterior pituitary antidiuretic hormone in
these patients.

Furthermore, the antidiuretic substance (ADS)
may not be of posterior pituitary origin. It may
be derived from some other source such as the
liver-the hepatic VDMdescribed by Shorr and
associates (13), although the antidiuretic effect of
VDMis probably mediated through the posterior
pituitary since hypophysectomy abolishes its anti-
diuretic action (14).

Against the concept of an extra-posterior pitui-
tary origin of urinary ADS is the fact that hypo-
physectomy has been reported to result in the dis-
appearance of this substance from the urine (15-
17).

The multiplicity of methods of Pitressin or
ADS assay (18-24) attests to the technical diffi-
culties and lack of uniformity of results encoun-
tered in such procedures; some of these assay pro-
cedures have been summarized well by Ham (23).

Although the effect of the posterior pituitary
antidiuretic hormone (ADH) on the excretion of
water has been quite clearly defined, its effect on
the excretion of electrolytes, especially the chloride
ion, has not been described with equal unanimity.

An analysis of the pertinent literature (23, 25-
39) indicates that the lack of agreement on this
problem may be ascribed to several experimental
variables: (a) types of extracts of the posterior
pituitary lobe that have been administered; (b)
dosages used; (c) routes of administration; (d)
species of experimental test organism; (e) meth-
ods of expressing the changes in excretion of elec-
trolytes following the administration of posterior
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pituitary fractions, either in terms of concentration
(mEq./l) or in absolute quantity per unit time
(mEq./min.).

The aims of this investigation have been: (1)
to study water diuresis in patients with liver dis-
ease and in control subjects; (2) to develop a
method of studying Pitressin antidiuresis, includ-
ing a quantitative expression of such activity; (3)
to analyze the response of hydrated patients with
hepatic disease to intravenous Pitressin, in an at-
tempt to test the hypothesis that the reported in-
crease in serum and urinary ADS may be as-
cribable to decreased inactivation of the antidiu-
retic hormone; (4) to study the effect of Pitressin,
injected intravenously in physiological dosage, on
the concentrations of sodium, chloride, and potas-
sium in the serum and urine in patients with liver
disease and in control subjects.

EXPERIMENTAL

The responses of four patients (M. W., T. R., J. L.,
J. C.), with liver disease and seven control subjects
without liver dysfunction to single intravenous doses of
Pitressin were studied. The patients with liver disease
included three with cirrhosis of the liver and ascites and
one with active infectious hepatitis (see Appendix for
clinical details). None of the 11 patients had any de-
tectable renal disease.

Four experiments on two patients, (A. B., M. M.),
with cirrhosis of the liver and one control subject were
performed, using multiple intravenous doses of Pitres-
sin instead of a single dose. Thus, a total of six 5 pa-
tients with liver disease and eight control subjects were
studied.

Each subject was in a fasting state for 15 hours.
Prior to the beginning of the experiment one glass of
water was taken orally every half hour for two hours.
An infusion of 5% glucose in water (average flow of
10 cc. per minute) was then started and continued
throughout the entire experiment. When the rate of
urine flow reached a plateau, 0.57 mU/Kg. of Pitressin 6
was injected rapidly into the infusion tubing near the
needle.

b Since this paper was submitted for publication, Pitres-
sin antidiuresis and intravenous hydration were studied in
one patient (R. A.) with cirrhosis of the liver, and intra-
venous hydration alone was studied in two patients (B.
N., T. McC.) with cirrhosis of the liver. The results
were similar to those described herein. The experimental
protocols for the nine patients are depicted graphically
in Figure 5.

6 Pitressin solution, N.N.R., 20 Pressor Units per cc.
(Parke-Davis) Lot. No. G-C529M.

The urinary bladder was washed out with distilled wa-
ter and air at the end of each collection period through an
indwelling six-holed catheter.

Blood specimens were obtained at the beginning of an
experiment, at the height of the diuresis, at the height of
antidiuresis, and at the end of the procedure.

CALCULATIONS AND DEFINITIONS

The "antidiuresis period" equals the time from the in-
jection of Pitressin until the reestablishment of the ini-
tial rate of urine flow which was observed when the
hormone preparation was injected.

The antidiuretic effect of Pitressin was calculated as
"per cent inhibition."

"Per cent inhibition"
Expected diuresis minus observed diuresis X 100

Expected diuresis

The "observed diuresis" is the observed total urine flow
during the period of the Pitressin effect described above.
"Expected diuresis" minus the "observed diuresis" repre-
sents the "antidiuresis."

"Expected diuresis" is the urine flow that would have
been obtained if the initial rate, observed when the Pitres-
sin was injected, had been maintained throughout the pe-
riod of Pitressin effect.

The "total hydration period" equals the time from the
beginning of the infusion until the attainment of peak di-
uresis.

"Peak diuresis" was the maximum rate of urine flow
attained during the period prior to the injection of Pitres-
sin.

The "pre-Pitressin control period" ("H" in Table VI),
used for the calculation of the effect of Pitressin on the
urinary excretion of electrolytes, is that period of time
which just precedes the Pitressin injection, and which is
equal to the "antidiuresis period" for a given patient.
This calculation is made at the end of the experiment af-
ter the duration of the "antidiuresis period" has been
determined.

The rate of excretion of each electrolyte was expressed
in terms of mEq./min. for the "hydration period" and for
the "antidiuresis period." The series of "paired differ-
ences" for each patient was then subjected to statistical
analysis.

METHODS

Hematocrit determinations on heparinized blood were
performed by centrifuging in Wintrobe tubes at 2,500
r.p.m. for 30 minutes. Serum and urinary creatinine
concentrations were measured by Peters' modification of
the Folin method (40), urinary sodium and potassium and
serum potassium with an internal standard Perkin 52A
flame photometer, serum sodium by the Butler-Tuthill
gravimetric method (41), chloride by the Van Slyke-Hil-
ler modification of Sendroy's iodometric method (42),
and urinary glucose by the method of Benedict (43).
Standard methods of statistical analysis were employed
(44).
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RESULTS

Results are presented in Figures 1-5 and
Tables I-VII.

A. Excretion of water. There was no signifi-
cant difference between the patients with liver dys-
function and the control subjects in the inhibition
of diuresis produced- by 0.57 mU of Pitressin
per Kg. body weight. This inhibition averaged
54.3% for the 11 patients (Table I).

In addition, the two groups showed similar du-
ration of Pitressin effect, 68.8 and 63.8 minutes
for the experimental and control subjects, respec-
tively (Table II).

The time required to reach peak diuresis aver-
aged 94.5 minutes for the liver disease group as
compared with an average of 85.1 minutes for the
control group. This difference is not statistically
significant (Table III).

Both groups also showed essentially similar
peaks (cc./min.) of diuresis, as well as compar-
able average urine flows, 7.3 cc./min. and 7.6 cc./
min., during the "total hydration periods" (Table
IV).
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Statistical analysis showed no significant difference
between the two groups of patients with respect to the
effect of Pitressin on the urinary electrolytes.
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A number of patients received a second intra-
venous dose -of Pitressin about 15 minutes after
the antidiuretic effect of the first dose had sub-
sided. In all instances, the effects of the second
dose resembled those of the first with respect to
the per cent inhibition and the effect on the elec-
trolyte excretion. This result confirmed the fact
that the physiological activity of the first dose had
subsided. The second doses tended to produce
somewhat smaller "per cents" of inhibition, but
this was probably caused by the increased state of
hydration which resulted from the inhibition of
diuresis by the first dose (45).

The four experiments in which multiple intra-
venous doses of Pitressin were administered
yielded antidiuresis curves which were identical
for the two patients with cirrhosis of the liver and
the control subject.

B. Serum electrolytes. In the patients with
liver disease the concentration of serum sodium
tended to fall during the periods of diuresis and
Pitressin antidiuresis (Figure 1, Table V), while
in the control subjects there were no such con-

sistent changes (Figure 2, Table V). The con-

centrations of potassium and chloride in the serum
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showed no significant patterns of change during
the entire experimental period, either in the pa-

tients with or without liver disease (Figures 1, 2,
Table V).

C. Urinary electrolytes. Emp l o y i n g t h e

method of "paired differences" we could demon-
strate no statistically significant difference in the
excretion of urinary sodium, chloride or potas-
sium (mEq./min.) between the "hydration pe-

riod" and the "antidiuresis period" in either group

of experimental subjects (Table VI, Figure 3).
It will also be noted in Table VI that patients

J. L., J. C. and T. R. (with liver disease) showed
constantly lowered rates of urinary excretion of
chloride and sodium in both the "hydration" and
"antidiuresis" periods.
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TAM.E I

Pitresuin effect -% inh3bition

a s Si Si t p

4 5i2.0 4.e 2.4 1.12 0.22

7 85.6 5.6 2.1

1 54.3 5.4 1.6

TABLE II

Duration of pitressin antidiuresis (mnn.)
min.

4 68.8 9.5 4.8 0.88 0.43

7 63.8 9.2 3.5

TA}LE III

Tim (main.) required to reach peek diuresis (co/min)
(Hydration period)

min.

Liver Disease 4 94.5 27.5 13.8 0.51 0.65

Controls 7 85.1 32.3 12.2

TABLE IV

Average urine flow during total hydration periocd

cc/da .

Liver Disease 4 7.3 1.6 0.8 0.25 0.80

Controls 7 7.6 2.0 0.8

X z man.
S a Standard deviation.
Szs Standard error of the man.

Si , where d & difference between the mnt

2Sg -(Sx2(r2
iIif p e 1.0, then the observed difference Is entirely a chance occurrence.

p probability aIp a 0.0, then there is no elemnt of chance.

DISCUSSION

The uniformity of responses to Pitressin in our

experimental subjects is significant (Figure 4).
Difficulties with other types of measurement of
Pitressin effect have centered around the method
of hydrating the test organisms, and the best way
of quantitatively expressing Pitressin activity.
These difficulties apparently have been overcome

by using continuous intravenous infusions and by
expressing the Pitressin effect in terms of "per
cent inhibition."

In response to physiological doses of intravenous
Pitressin (0.57 milliunits per Kg.), the patients
with liver disease behaved in the same manner as

the controls with respect to the duration of Pitres-

sin effect and the magnitude of response (per
cent inhibition).

These results indicate that in this series of pa-

tients with liver disease there is no defect in the
mechanism or mechanisms of inactivation of Pi-
tressin injected intravenously in physiological
dosage.

To what extent is the similarity in rates of in-
activation of Pitressin in patients with and without
liver disease comparable with those of endogenous
antidiuretic hormone? Table III helps to answer

this question partially. It will be noted that the
time required for peak diuresis to be reached was

essentially the same for the two groups of experi-
mental subjects, 94.5 minutes for those with hepatic

Liver Disease

Controls

Total

Liver Disease

Controls

1291



ABRAHAMG. WHITE, GEORGERUBIN, AND LOUIS, LEITER

dysfunction and 85.1 minutes for the controls.
This similarity suggests that the endogenous anti-
diuretic hormone in patients with hepatic dysfunc-
tion is inactivated at the same rate as that in con-
trol subjects, whatever the mechanism of inactiva-
tion may be (destruction, detoxification, excretion,
or some combination of these processes).

These data on the inactivation of Pitressin and
of endogenous antidiuretic hormone lead to certain
speculations. As mentioned above, there have
been reports of increased amounts of an antidiu-
retic substance in the sera and urines of certain
patients with liver disease. If this material repre-
sents the posterior pituitary antidiuretic hormone,
these increased amounts may be due to overpro-
duction by the posterior lobe of the pituitary, de-
creased inactivation by the liver and by any extra-
hepatic mechanisms that may exist, or to a combi-
nation of the two processes. If exogenous Pitres-
sin is also inactivated by the same mechanisms and
at equivalent rates as endogenous posterior pitui-
tary antidiuretic hormone, then our data would
suggest that the inactivating mechanisms are ca-
pable of handling normal amounts of endogenous
antidiuretic hormone in patients with liver cir-
rhosis. Therefore, it would seem that the reported
increases in serum and urinary contents of anti-

diuretic material in such patients are the result of
overproduction. This conclusion follows only if
the above premises are accepted, but involves us
in no assumptions concerning the chemical identity
of Pitressin and endogenous posterior pituitary
antidiuretic hormone.

That patients with liver disease often show im-
paired water diuresis following oral hydration has
been noted (1-4). It is therefore of interest to
consider the urine flows observed during the in-
travenous hydration periods in patients with posi-
tive water balance as manifested by increasing as-
cites. The levels of peak diuresis attained by the
patients with liver disease (13.0, 11.8, 12.9, 14.6
cc./min. for the four patients listed in Table VI
and 18.1, 14.8, 6.4, 8.6, 9.0 for the other five) are
comparable to those reached by the control sub-
jects (14.0, 14.7, 11.2, 14.6, 11.2, 12.2, 6.8). In
addition, Table VI -shows that the average urine
flows for each patient during the "pre-Pitressin
control period" are also comparable for the two
groups of subjects, with some tendency, perhaps,
for the hepatic patients' flows to be a little lower.
The urine flows during the total hydration period
averaged 7.3 cc./min. for the patients with hepatic
dysfunction, and 7.6 cc./min. for the control pa-
tients. The uniform trend toward relatively high

TABLE V

Effect of Pitressin on serum electrolytes

.- N I T I A L .D I U E S I S ANTIDIURKSIS F I N A L

Liver Dleae

M.W.

Na ca K Na C1 K Na C1 K Na Cl K

mZQ/L IEq/L DmEq/L mEq/jL mgq]L mBg/L miQ/L mlq/L DEq/L

143.5* 108.0 3.8 138.1* 105.4 3.1 131.4* 104.5 2.3

m4/L uKq/L

132.5* 105.3

134.1* 96.2 3.2 130.9* 93.4 3.9 120.5* 93.0 3*4 130.9* 93.4 3.6

140.2 109.8 4.2 134.0 106.0 4.0 131.0 106.2 4.2

133.0 101.8 Q 127.8 101.0 2.8 123.0 97.6 3.7

143.9*

135.6*

106.2 4.5 135.2* 105.2 4*5 139.2* 103.8 3.8

101.0 6.6 134.2* 102.0 4.9 133.8* 100.8 3.5

128.6 106.6

127.0 98.2

4.0

3.7

136.8* 104.2 4.3 134.3* 103.0 4.0 122.1* 100.6 3.7 132.1* 102.3 3.4

1.N. 133.3*
* Sodium detemined

Other sodium values

103.5 3.2 136.8* 102.1 3.9 133.4* 102.4 4.1 QW

gravimtricall.y
determiaed by flame phototer

J.L.

J.C.
T.R.

Coatrols

us9/L
3.4

D.S.

S.G.

J.P.

136.4* 105.0 3.6

132.2* 98.8 4.5.

103.1 2.5
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Urinary electrolyte excretion
TABLE VI

during hydration and Pitressin antidiuresis

ltion (N) Antldlurhst (A) (N) minus (A)

Urine Urine _Urin
Tius Flow cl Ka x T?is Flow cl Ne x Flow Z Ne K

Patlmien IN SiStA -aft ok S
aim. so/min. din. daI. ml. s!,. co/aim. miLn, min. adn. c/da. min, mine mine

Liver
Diees

KW.. ?0.3 9.67 .211 .280 .060 70.3 6.07 .201 .256 .064 3.60 + .010 + .04 - .014

J.L. 79.4 9.70 .022 .002 .026 79.4 4.46 .031 .022 .039 5.24 - .009 +0010 -.013

:.C. 69.1 9.76 .034 .004 .064 69.1 7.06 .062 .004 *06 2.70 -.028 +.0003-.002

T.R. 56.2 13.38 .028 *014 .055 56.2 5.3? .025 .008 .026 8.01 +.003 4.006 +.029

Coatrole

D.S. 59.5 12.86 .23 .227 .055 59.5 5.05 .245 .225 .049 7.81 - .015 +.002 +.006

R.P. 60.0 11.48 .022 .010 .024 60.0 6.43 .021 .008 .019 5.05 + .001 +.002 +.000

J.P. 60.3 9.70 .143 .199 .037 60.3 4.11 .161 .202 .031 5.59 - .018 -.003 +.006

to ale81.1 12.30 .241 .250 .124 81.1 5.22 .134 .139 .044 7.08 +.107 +.111 +.080

Md* 68i9 9.32 .053 .061 .030 68.9 5.25 .128 .113 .028 4.07 - .075 -.062 4.002
S.C. 64.7 11.71 .235 *204 .105 64.7 6.00 .172 .136 .047 5.71 4.063 +.068 4.058

E.8. 52.2 5.97 - - .024 52.2 2.42 - - .036 3.55 - - -.012~~~~~~~~~~~~~~~~~~. . 4

X 61.5 10.5 .122 .128 .063 65.6 5.22 .118 .111 .040 5.31 4 .00394+.0168 +.013

Ss 9.4 2.1 .099 .113 .033 9.17 1.26 .080 . 09'v .014 1.8 .0498 .0439 .0305

Sf 2.84 .63 .031 .036 .0099 2.77 .38 025 .031 .004 .542 .0157 .0139 .009

9.8 .24 1.2 1.41

.0001 .84 .23 .17

"Pre-Pitressin control period" (H) is that portion of the intravenous hydration period which just precedes the
Pitressin injection, and which is equal in time to the "antidiuresis period" for a given patient.
* x for (H) minus (A) = difference between the means = d.

x = mean.

S. = Standard deviation.
Si = Standard error of the mean.

d, where d difference between the means and Sd- Si for (H) minus (A).

p = probability if p = 1.0, then the observed difference is entirely a chance occurrence.

if p = 0.0, then there is no element of chance.

urine flows in these patients with liver disease un-

der these experimental conditions is noteworthy
in view of the fact that in at least six of the nine
patients, ascites was accumulating and the body
weight was increasing (Figure 5).

Table VI indicates that the average urinary ex-

cretions of sodium and chloride for J. L., J. C.
and T. R. were markedly depressed even when

their average urine flows were quite high, demon-
strating a definite dissociation between the excre-

tion of water and of sodium and chloride, and fur-
nishing added support to the clinical evidence for
decompensated liver disease. J. C. was the only
one of the four patients with liver disease who was

on a low-salt regimen; the other three had no re-

strictions placed on their salt intake.

t

p
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TABLE VII

The effect of posterior pituitary extracts on the urinary excretion of electrolytes

Rmouate A£- tffectl
Teat Organs Extract Doe adnistratlo o Urinay betia b1

Na Cl K In Te of

Bn |Pitressin 800 U s. 1 + -r 1

HuMan Pitresin 10000 sf3 I.1_ + q Little et al. 194?

Human Pitressin 1- mU/. I IV, 4T9°
nHu|n Pitressin 40-100 |7 l..o + + | Q SLar- dLth et ale

1950

Human Pitressin 20-IOO mU I.V. + + q Chalmrs
Pltocin 50-200 mU I .V. - + Q et als 195
Post. Pit. 100-200 nu I.7. + + Q
Lobs !rt.

Hman Pitrssin .57 mU/Kg I..V + ± q White et ale 1951

Dog Pitroesin 15-20 af/hr. lo.V. +4 Anslw et al,
Pitocin 26 nO/hr. I.v. + Q 1948

Dog Pitressin .-10 /Kgo. lo.v. + q Sartorius & Roberts*
1949

Cat Pltressin 3000 no S.Q. (No effect on serum Winter et al, 1939
(norral & Parke-Davis Na, K, Cl)
diabetes in-
sipidus )

Rat Posterior 15001U/1A00 s. I.P| + q siivette, 1l940
Pituitary
Soln.
Squlbb

Rat Posterior 2.5 Sz1100 gm. I.P. + C Silette, 1940
Pltuitary to 3000 sU/7100 m.
Soin.
Squibb

Rat Posterior 250-500 mU S.Q. + C Corey & Brittot, 1941
Pltultary
Soin.

_______________ Squibb

Rat Obstetrical a1/3100 gm. + Q M, 1943
Pituitrin 100 s3/100 pm.
Parke-Devis

Rat Pitoeia 3Stl/1O m. s.Q + q Diehez a.lle
Parke-Dls 6
Pitweala 3 MU/100 pa. s.Q. + q

Parke-Davis
Pituitria 3 nhOo gm. S.Q. + Q
Parke-Dhvis

MO1 Pitultrin 1.0-1.5 mU loPe + Q Nelson 1Jood,
'00 1934
Parke-ftvis
som. of
Pituitary P
P%dre

Opposum Posterior 6000 mU/kg. S.QO. + Q Silvtte Brittom,
Pituitary 1938
Soln.
Squibb

Fro Pituitrin 500 /A1O ga. Dors 4 + Q Boyd White, 1939
Surgieal Lyhph
Parke-Dovl Sao
PitresiDn + + Q
Pitoela + 4- Q

+ = increased excretion in urine.. C = concentration.
- variable effect Q = quantity per unit time.

- - decreased.
1294

Route of Administration
I.M. = intramuscular. I.V. - intravenous.
I.P. - intra peritoneal. S.Q. - subcutaneous.
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The fact that in the patients with liver disease
the concentration of sodium in the serum tended
to fall during the periods of diuresis and antidiure-
sis, is interesting. Since there was no change in
the urinary excretion of sodium during the anti-
diuresis period, this fall in the serum concentra-
tion during Pitressin antidiuresis might signify
either a dilution of the blood or a shift of sodium
from the extracellular spaces. Lack of consistent
changes in the hematocrit or in the concentrations
of potassium and chloride in the serum tends to
exclude dilution of the serum. Whysodium should
should move out of the extracellular space in the
patients with liver disease, but not in the control
subjects, is not clear at present. Perhaps later
studies on more patients will elucidate this point.
We are presenting this particular datum at this
time for the prime purpose of bringing it to the
attention of others who may be in a position to
confirm it.

Parenthetically, six patients with congestive
heart failure and one with diabetes insipidus, did
not show such a decrease in serum sodium during
Pitressin antidiuresis.

Three groups of investigators (27, 28, 39) ad-
ministered Pitressin intravenously to humans in
amounts roughly approximating the dosage we

employed. In no instance did the Pitressin have
a significant effect on the urinary excretion of so-

dium and chloride. Our experiments confirmed
this lack of effect of Pitressin, in the dosage em-

ployed, on the urinary excretion of sodium and
chloride. In addition, we demonstrated that the
Pitressin had no significant effect on the excre-

tion of potassium (mEq./min.) in the urine.
Table VII shows the diversity of experiments

on the effect of posterior pituitary gland extracts
on electrolyte metabolism. Because there have
been such differences in the experimental protocols
with respect to the nature of the gland extracts, the
dosages, the routes of administration, and the test
animals studied, it is difficult to compare the
various results.

SUMMARYAND CONCLUSIONS

1. A method of studying Pitressin antidiuresis
is presented.

2. 0.57 mUof. Pitressin per Kg. administered
intravenously produced 52.0%o inhibition of diu-

resis in the patients with liver disease and 55.6%o
inhibition in the controls.

3. The Pitressin effect lasted 68.8 minutes in
the liver disease group and 63.8 minutes in the
controls.

4. There was no significant difference between
the two groups of patients with respect to the time
required for peak diuresis to be reached (94.5 min-
utes for hepatic dysfunction group and 85.1 min-
utes for the controls).

5. The average urine flow during the "hydra-
tion period" did not vary significantly between the
two groups.

6. From these results it would seem that there
is no defect in the mechanism of inactivation of
Pitressin injected in physiological dosage in this
series of patients with liver disease. The possi-
bility of overproduction of antidiuretic hormone
in these patients is discussed and evaluated.

7. Under our experimental conditions, 0.57
mU/Kg. of Pitressin, injected intravenously, did
not affect significantly the urinary excretion of
sodium, chloride, or potassium, but tended to
cause a decrease in the concentration of serum so-
dium only in the patients with liver disease.

APPENDIX

Case reports of the four patients with liver disease
in whom the responses to single intravenous injections
of Pitressin were studied:

M. W.: M. H. No. 48798. Forty-two year old white
female who was admitted on August 30, 1949, with a his-
tory of recurrent epistaxis all of her life and of icterus
for one month. For two years prior to admission she
had drunk a pint of wine per day. One month prior to
her present admission a liver biopsy was performed at an-
other hospital. The slides were reviewed at this hospital
and showed cirrhosis of the liver. On admission she was
markedly icteric, had spider angiomata across the chest
and on the arms and. shoulders, and enlarged abdominal
veins. The liver was palpable at the iliac crest and the
spleen was felt 3 to 4 fingerbreadths below the costal
margin. No peripheral edema was present on admis-
sion and there was questionable ascites, but she de-
veloped edema of the ankles by the time she was studied
by us. Chemical studies of the serum showed: total pro-
tein 7.3 gm.%, albumin 3.1 gm.%, globulin 4.2 gm.%; se-
rum bilirubin 10.8 mg.%; cephalin flocculation 3 + to 4 +;
thymol turbidity ranged between 13 and 8 units. Urinary
urobilinogen was present only in the undiluted specimen
but later was present in dilutions of 1: 80. Stools were
positive for bile and urobilinogen.

J. C.: M. H. No. 50293. Fifty-six year old white male
in whom a diagnosis of portal cirrhosis first was made
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in 1938, when he suffered from vomiting, eructations, ab-
dominal cramps and dizziness; at this time the liver was

enlarged to 2 fingerbreadths below the costal margin
and the tip of the spleen was palpable. On his admission
on March 1, 1950, the abdomen was distended with fluid,
with a fluid wave and shifting dullness. After abdominal
paracentesis the liver was felt to be hard, nodular, en-

larged to 21A fingerbreadths below the costal margin, and
the splenic edge was felt 2 fingerbreadths below the left
costal margin. Chemical studies of the serum included:
albumin 2.2 gm.%o, globulin 3.5 gm.%; total cholesterol
188 mg.%, esters 115 mg.%; alkaline phosphatase 9.6
Bodansky units per 100 cc.; bilirubin 2.1 mg.%; 93% re-

tention of bromsulphalein in 45 minutes. The urine was

negative for bile and positive for urobilinogen in 1:40
dilution. Two abdominal paracenteses yielded 3,000 cc.

and 4,650 cc., respectively. Thiomerin did not help to
diminish the ascites.

J. L.: M. H. No. 50740. Fifty year old white Italian
male with past history of malaria at the age of eight years.

For 3%months prior to his admission he had been notic-
ing weakness and mild loss of appetite. About six weeks
before his admission the weakness increased, his limbs
began to ache, and he was given penicillin. On the day
prior to his admission he developed painless jaundice.
He had been in the habit of taking one to two glasses of
wine per day. Physical examination on admission showed
skin and scleral icterus, hepatosplenomegaly (liver 5 to
6 fingerbreadths below the costal margin and the spleen
2 fingerbreadths), and fever. The urine on admission
was positive for bile and positive for urobilinogen in 1: 10
dilution. The feces were positive for bile and negative for
blood throughout the hospital stay. Chemical studies of
the serum showed: total protein 6.8 gm.%, albumin 4.3,
globulin 2.5; bilirubin 10.7 mg.%; thymol turbidity 9;
total cholesterol 272 mg.%, esters 92 mg.%; cephalin
flocculation 4 +; alkaline phosphatase 13.7 Bodansky
units per 100 cc.

T. R.: M. H. No. 46641. Fifty-two year old white fe-
male with onset of anorexia and epigastric pain five years

prior to admission, in April 1950. In 1948, the patient had
ascites and jaundice, and the diagnosis of cirrhosis of the
liver was established by biopsy of the liver. Physical ex-

amination on admission showed icterus, teleangectasias on

the skin, and ecchymotic areas over the tibiae. The liver
was enlarged 3 to 4 fingerbreadths below the costal mar-

gin, and fluid was felt to be present in the abdomen. An
esophagram revealed the presence of varices. The urine
contained bile and also contained urobilinogen at a 1: 320
dilution. Serum albumin was 3.3 gm.%, globulin 3.4
gm.%6; thymol turbidity was normal; cephalin floccula-
tion was 3+, cholesterol 197 mg.%o, esters 128; alkaline
phosphatase 5.3 Bodansky units per 100 cc.; bilirubin 6.5
mg.%.
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