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Choline and methionine have been administered
as therapeutic agents to patients with liver dis-
ease on the basis of demonstrated beneficial ef-
fects of these agents in the dietary cirrhosis of
animals (1-6). The therapeutic value of such
specific agents in human liver disease is difficult to
assess clinically, by tests of liver functions, or by
biopsy of the liver, because of the naturally oc-
curring variations in the nature, severity, and
course of the disease.

The demonstration of a favorable metabolic re-
sponse following the administration of choline and
methionine to patients with liver disease would
provide a rationale for their therapeutic use. In-
deed, such a favorable response, indicated by a
sparing of urine nitrogen with resulting increased
positive nitrogen balance, has been attributed to
choline and methionine administered to patients
with chronic liver damage maintained on ade-
quate intakes of protein (7), and to dogs fed low
protein diets (8-10). In contrast, methionine
administered to normal man, or to patients with
infectious hepatitis failed to spare nitrogen (11-
13). Moreover, positive nitrogen balance can be
regularly achieved in patients with chronic liver
disease by providing adequate quantities of dietary
protein (14). In addition, testosterone has a pro-
tein anabolic effect in normal man and in patients

1A preliminary report of this investigation was pre-
sented at the Forty-first Annual Meeting of the Ameri-
can Society for Clinical Investigation, Atlantic City,
May 2, 1949 (J. Clin. Invest., 1949, 28, 783).

2The expenses of this investigation were defrayed in
part by grants from Merck & Co., Inc., Rahway, New
Jersey, and from the Commission on Liver Disease, Army
Epidemiological Board, Office of the Surgeon General,
U. S. Army, Washington, D. C., to Harvard University.

3 U. S. Public Health Service Postdoctorate Research
Fellow.

'Present address: State University of Iowa, Depart-
ment of Medicine, Iowa City, Iowa.

with a variety of illnesses including liver disease
(15-17). The study reported here was under-
taken to evaluate and compare choline and methio-
nine, testosterone propionate, and dietary protein
with regard to their effects upon the nitrogen
balance in patients with liver disease. The re-
sults indicate that, of these agents, dietary protein
most effectively achieves a positive nitrogen
balance.

MATERIAL AND METHODS

Six patients with liver disease were selected for meta-
bolic study. Their clinical and laboratory findings at the
beginning and at the end of the studies are summarized in
Table I. Five patients gave histories of chronic alcohol-
ism. Three of these patients, A. C., M. L., and J. M., had
long-standing, well-established, and stabilized cirrhosis
of the liver (alcoholic). Three years prior to this study
A. C. had a punch biopsy of the liver which revealed ad-
vanced hepatic cirrhosis with marked portal fibrosis. A
fourth patient, R. H., had chronic cirrhosis of the liver
and was acutely ill with marked jaundice and bilirubi-
nuria, anorexia, tender hepatomegaly, and pronounced
fetor hepaticus when the study was begun. The fifth pa-
tient, F. C., was deeply jaundiced, and had hepatomegaly.
A liver biopsy at the time of hospital admittance revealed
a marked fatty infiltration with minimal fibrosis. A
sixth patient, J. H., was convalescing from a typical epi-
sode of severe infectious hepatitis, and had a negative
history for alcoholism.

The patients were maintained on the Thorndike Meta-
bolic Ward, and were ambulatory during the studies,
with the exception of R. H., who was kept at bed rest
during the initial month of hospitalization. The basal
control diets provided from 0 to 100 Gm. of protein daily.
The diet devoid of protein provided less than 0.2 Gm. of
nitrogen daily as determined by macro-Kjeldahl analysis
(18). The nitrogen intakes of the other diets were cal-
culated from standard food tables (19, 20). The dietary
protein consumed was derived from foods found in the
usual normal diet. Fat intakes were not restricted. Each
patient consumed at least 300 Gm. of carbohydrate and
2800 calories daily. The effect of each of the following
supplements upon the basal nitrogen balances was de-
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termined: 1) choline chloride5 and dl-methionine6 ad-
ministered orally simultaneously; 2) choline chloride 5

administered orally alone; 3) testosterone propionate7
administered intramuscularly; 4) additional increments
of dietary protein. Glycine 6 was also administered orally
to one of the patients to test the specificity of the change
in nitrogen balance observed during the administration
of choline and methionine.

A control period identical to the initial control period
preceded each period of supplementation in each study.
The choline and methionine were given in three equally
divided doses with meals. The nitrogen content of the
choline preparation was determined by macro-Kjeldahl
analysis. dl-Methionine and glycine were administered
as the crystalline materials mixed in 30 Gm. of jelly.
The nitrogen content of these amino acids was calcu-
lated from the analytical data supplied by the manu-

facturer.

6 "Choline Chloride Solution," supplied by the Abbott
Laboratories, North Chicago, Illinois.

6 Supplied by Merck & Co., Inc., Rahway, New Jersey.

7 "Neo-Hombreol," supplied by Roche-Organon, Inc.,
Nutley, New Jersey.

Daily urine and pooled stool nitrogen analyses were

made by the standard micro and macro-Kjeldahl tech-
niques. Pooled stools were obtained during each con-

trol and experimental period. Since there were no sig-
nificant variations in the stool nitrogen content during
these periods, stool nitrogen output was considered to
be constant throughout each study, and the averaged val-
ues were used in the calculation of the nitrogen balance
data.

Tests of liver functions done at intervals during the
studies included serum bilirubin concentration (21),
thymol turbidity (22) and flocculation, retention of in-
travenously administered bromsulphalein dye (5 mgm.
per kilogram body weight at 45 minutes), total serum

protein and albumin concentrations (23), urinary uro-

bilinogen (24), and urinary bilirubin (25).

RESULTS

I. Nitrogen Balance

The first patient studied (J. M., Figure 1, Table
II) received a basal diet providing only 50 Gm. of

TABLE I

Clinical and laboratory data of patients with liver disease

Patient ........... A. C. M. L. J. M. J. H. R. H. F. C.
Age, Se ......... 37 d' 38' 56 d' 35' 38 d' 36 9

Condition of Study .... |_ End EBegli- End B li| End Begin- End g End ningnmg nmgig ning Bn-g Being n

Ascites 0 0 1 + 0 1 + 0 0 0 1 + 0 0 0

Edema 2 + 0 2 + 0 0 0 0 1 + 0 0 0

Vascular spiders* 4+ 4+ 4+ 4+ 2+ 2+ 0 0 1 + 1+ 0 0

Liver sizet 7 7 11 10 20 17 2 0 12 9 12 6

Spleen sizet 13 12 0 0 0 0 0 0 2 0 0 0

Serum bilirubin,
mgm. per 100 cc. 2.0 1.5 2.7 2.5 1.1 1.4 2.3 0.4 18.6 5.3 8.9 0.6

Thymol turbidity: 3.9 3.7 3.8 5.3 4.0 4.1 3.3 2.2 5.4 4.2 7.0 1.6

Thymol flocculation* 4+ 4+ 4+ 4+ 3+ 3+ 0 Q 0 0 0 0

Urine Bile* 0 0 3+ 0 0 0 0 0 4+ TR 4+ 0

Urine urobilinogen 1:20 - 1:64 - 1:64 - 1:4 1:16 1:32 1:64 1:128 1:2

Serum Total 7.1 6.9 5.7 5.5 7.2 8.0 6.9 6.7 6.1 6.2 6.8
protein 1-
Gm. per Albumin 2.5 3.0 2.4 2.4 3.4 3.5 4.5 4.4 2.1 2.1 4.0 4.8
100 cc.

Bromsulphalein %reten-
tion 32 30 34 32 38 37 - 2 42 52 1

Prothrombin % normal
concentration 36 - 41 - 49 - - - 30 38 100 97

0 to 4+.
t Cm. below costal margin.
t Normal value less than 1.7 cc. BaSO.
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TABLE II

Effect of choline and methionine, testosterone propionate, and dietary protein
on nitrogen balance in patients with liver disease

Patient ................. A. C. M. L. J. M. J. H. R H. F. C.

Basal Diet Gm. protein per day ....... 100 100 50 75 25 50 0 100

Period of Study Nitrogen*Gm. per day

Control Intake 16.0 16.0 8.0 12.0 3.9 8.2t 0.1 16.3f
Output 10.6 9.0 6.4 8.7 8.1 7.3 2.6 9.0
Balance + 5.4 + 7.0 + 1.6 + 3.3 -4.2 + 0.9 - 2.5 + 7.3

Control +choline and Intake 16.8 16.8 8.8 13.6 5.2 9.5 1.3 17.5
methionine Output 11.4 9.9 6.9 9.9 8.2 7.5 2.3 10.2

Balance + 5.4 + 6.9 + 1.9 + 3.7 -3.0 + 2.0 - 1.0 + 7.3

Control Intake 16.0 16.0 8.0 12.0 4.0 8.2 0.2 16.3
Output 10.2 9.2 6.6 9.4 8.0 6.4 3.5 9.3
Balance + 5.8 + 6.8 + 1.4 + 2.6 -4.0 + 1.8 - 3.3 + 7.0

Control+test. prop. or Intake 16.Ot 16.0t 8.0$ 9.6§
glycine as indicated Output 7.6 7.9 5.4 6.2

Balance + 8.4 + 8.1 + 2.6 + 3.4

Control Intake 16.0 16.0 8.0 8.2
Output 10.2 8.8 6.6 5.9
Balance + 5.8 + 7.2 + 1.4 + 2.3

Control+dietary pro- Intake 24.0 14.0 20.0 8.2 12.2 16.0
tein Output 11.6 10.0 13.6 7.6 6.7 7.7

Balance +12.4 + 4.0 + 6.4 +0.6 + 5.5 + 8.3

* Changes in nitrogen output reflect changes in urine nitrogen, since stool nitrogen output was constant throughout
each study.

t Average values for the nine days during this second period of study preceding choline and methionine (R. H.),
and choline (F. C.) administration.

$ Testosterone propionate.
§ Glycine.

protein daily. Nitrogen balance averaged + 1.6
Gm. daily during the nine-day initial control pe-
riod. During the administration of choline chlo-
ride and dl-methionine (4.5 Gm. of each simul-
taneously orally daily for six days) a part of the
nitrogen contained in these agents was retained.
Urine nitrogen thus increased toward the end of
the six-day period. The administration of testo-
sterone propionate intramuscularly produced a
decrease in urine nitrogen excretion and an in-
crease in average daily nitrogen balance to + 2.6
Gm. for the six-day period during, and for the
six-day period following the therapy. Twelve
days following the last injection of testosterone
propionate, the basal 50 Gm. protein diet was in-
creased to 75 Gm. daily for a nine-day period, and
then to 100 Gm. daily for an additional nine days.
The average nitrogen balances were + 3.5 and
+ 4.4 Gm., respectively, during these periods of
dietary protein supplementation. (These last two
periods are averaged in Table II.)

Similar results were obtained in two other pa-
tients (A. C., Figure 2, Table II, and M. L., Fig-
ure 3, Table II) observed during the supplementa-
tion of the 100 Gm. protein diet with choline and
methionine, and then with testosterone propionate,
in the same quantities of each as employed in J. M.
In both these patients the average daily excretion
of nitrogen in the urine increased by a quantity
of nitrogen equivalent to that contained in the
daily dose of choline and methionine during the
administration of these agents.

Nine Gm. each of choline chloride and dl-
methionine were administered to J. H. (Figure 4,
Table II) orally daily for nine days while this
patient received a 75 Gm. protein diet. The aver-
age daily urine nitrogen excretion before and dur-
ing such therapy was 7.5 and 8.7 Gm., and the
average daily nitrogen balance was + 3.3 and
+ 3.7 Gm., respectively. During the first six
days of choline and methionine administration the
nitrogen balance was more positive by a quantity

568



STUDIES ON NITROGEN BALANCEIN LIVER DISEASE

3000 CALORIES DIET ,4GMC IDIET I I DIET DIET
PATIENT J.M. + I + |

G

+
GM.

3000c^Loics DIET 14""C) DIET 1 2 5M"ll DIET 25 , 50 .

DAILYPKOTI' PROP.1 PROTEIN PROEIN

WEIGH T 7 _^{rvT

ECHOLIMETIHII.

NITROGEN4|

BALANCE+2

OUPUGM.

NlITROGEN 20 | |
INTAKE Gm. -

DAYSTPROT. 10 I .:: 1.2................ 545ceo.+ST ........, -..'..'.!'.':.

_~~~~~~~~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~~~~~~~~~~~I , I , .....

DAYS 13 6 * 12 1531 21 24 27I30 33 34 3' 42 453 4s sl 54 s. I I I I I l~~~~~~~~~

FIG. 1
The dotted horizontal line in this figure and in Figures 2-4 indicates the averaged

daily nitrogen balance obtained during the initial control period.

of nitrogen equivalent to that contained in the ad-
ministered agents. Subsequently, however, urine
nitrogen excretion increased and nitrogen balance
became less positive than during the initial control

period. After metabolic equilibrium was reestab-
lished with positive nitrogen balance averaging 2.6
Gm. per day, the addition of 50 Gm. of dietary
protein to the basal regime for a 12-day period
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FIG. 3
(See legend, Figure 1)

was accompanied by an increase in average daily Gm. (6.9 Gm. urine nitrogen, 1.2 Gm. stool ni-
positive nitrogen balance to 6.4 Gm. trogen), and negative nitrogen balance averaging

Patient R. H. (Figure 5, Table II) initially re- - 4.2 Gm. daily prevailed. Nine Gm. of choline
ceived a 25 Gm. protein diet. On this control chloride and 6 Gm. of dl-methionine were given
regime average daily nitrogen excretion was 8.1 orally daily for six days. During this period the
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zontal lines, respectively.

average daily excretion of nitrogen in the urine
was 7.0 Gm., and the nitrogen balance was there-
fore less negative by an amount of nitrogen equiva-
lent to that contained in the administered agents.
This patient promptly established and maintained
nitrogen equilibrium when the dietary protein
intake was increased by only 25 Gm. of additional
dietary protein daily. The 50 Gm. protein diet
was then supplemented with the same daily oral
dose of choline and methionine for nine days.
Again urine nitrogen excretion was unaltered,
and an average daily increase in nitrogen balance
of 1.0 Gm. was observed. This increase was no

more than could be accounted for by retention of
part of the nitrogen contained in the administered
choline and methionine. A marked positive nitro-
gen balance of 5.5 Gm. daily for 12 days accom-

panied the addition of 25 Gm. of dietary protein
to the 50 Gm. protein diet.

To determine whether or not the nitrogen bal-
ance changes accompanying the administration of
choline and methionine were specific, 7.5 Gm. of
glycine were given orally to R. H. for nine days
while he continued to receive the 50 Gm. protein
diet (Figure 5, Table II). This amount of glycine
was calculated to contain a quantity of nitrogen

[G. 5

e obtained during days 1 to 9 inclusive,
ted by the lower and upper dotted hori-

equivalent to the nitrogen contained in the pre-
viously administered choline and methionine. An
increase in daily positive nitrogen balance oc-
curred concomitant with glycine administration.
This increase approximated the amount of nitro-
gen contained in the ingested glycine, and was of
similar magnitude to that noted when an equiva-
lent amount of nitrogen was given as choline and
methionine.

The daily urine nitrogen excretion gradually
decreased throughout the study of patient R. H.
This progressive change was not influenced by the
administration of choline and methionine, of die-
tary protein, or of glycine.

Twelve Gm. of choline chloride without methio-
nine were given daily to patient F. C. (Figure 6,
Table II) for six days in each of two contiguous
studies. A diet devoid of protein was provided
during the first study, while the diet contained
100 Gm. of protein during the second. Control
urine nitrogen excretion initially was at an "en-
dogenous" level, and did not increase during
choline administration, indicating the quantitative
retention of the nitrogen contained in the ad-
ministered choline. The nitrogen balance re-
mained negative throughout this period. Marked
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positive nitrogen balance occurred when dietary
protein was provided. The addition of choline to
the 100 Gm. protein diet did not alter the nitrogen
balance from the control which had been observed
during the nine-day period preceding choline
therapy, urine nitrogen excretion increasing by a
quantity of nitrogen equivalent to that contained
in the choline given.

II. Clinical
All patients presented some evidence of clinical

improvement during the initial control periods.
In none of these patients could alterations in their
hospital courses, as determined clinically or by
laboratory tests of liver functions, be specifically
attributed to the administration of choline and me-
thionine, of testosterone propionate, or of supple-
ments of dietary protein.

The tests of liver functions determined at in-
tervals throughout the study revealed no signifi-
cant changes in the patients with well-established
hepatic cirrhosis (A. C., M. L., and J. M.). These
patients gradually improved clinically, but there
was no appreciable change in liver or in spleen
size during these studies. Moderate ankle edema

which was present initially in A. C. gradually
subsided. M. L. (Figure 3) lost weight during
the first week of study. This was accompanied by
a diuresis and loss of ascites and edema. J. M.
underwent a similar diuresis just prior to the
study. Subsequent gains in body weight shown
by these patients were unaccompanied by clinical
evidence of fluid retention. J. H., who was re-
covering from severe infectious hepatitis, con-
tinued to improve. This patient's liver became
non-palpable, and serum bilirubin concentration
and bromsulphalein excretion tests were normal
by the time the study was completed.

R. H. slowly improved clinically during hos-
pitalization. The liver became non-tender during
the first week, and decreased moderately in size
during the study. A loss of body weight and mo-
bilization of ascites and edema occurred during
the first three-week period when the 25 Gm. pro-
tein diet was given and negative nitrogen balance
prevailed. In fact, ascites and edema were not
detectable by the time choline and methionine were
first administered. Subjective improvement with
return of appetite, as evidenced by the ease with
which food was consumed, gradually occurred.

PROT. FREE DIET 100 Gm. PROTEIN DIET
PATIENT F.C. I + Ii +

2800 CALORIES 1 12 GM. 312 GM.
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^ ~~53- I l l
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FIG. 6
The averaged daily nitrogen balance obtained during days 1 to 3 inclusive,

and days 18 to 26 inclusive, is indicated by the lower and upper dotted hori-
zontal lines, respectively.
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Hepatic fetor, at first marked, became less pro-
nounced, and gradually became not detectable.
Bilateral gynecomastia appeared after two months
of study, and then slowly subsided. The total
serum bilirubin concentration decreased from
18.6 to 5.3 mgm. per cent and bilirubinuria was
barely detectable by the end of the study, although
bromsulphalein excretion was markedly abnormal.

F. C. improved clinically before choline was
administered and while a diet devoid of protein
but adequate in calories was provided. The im-
provement was demonstrated by a decrease in
serum bilirubin concentration from 8.9 to 3.0 mgm.
per cent, in bilirubinuria from 4 + to 1 +, in
urinary urobilinogen from 1: 128 to 1: 64, and in
the retention of bromsulphalein dye from 52 to 18
per cent. This initial marked improvement con-
tinued, and at the end of the study laboratory tests
revealed the following: serum bilirubin 0.6 mgm.
per cent, absent bilirubinuria, urine urobilinogen
1: 2, and bromsulphalein retention 1 per cent.
The liver receded from 12 to 6 cm. below the
costal margin, the patient felt well, and general
physical examination was otherwise within nor-
mal limits.

DISCUSSION

A relationship of dietary deficiency of choline,
of methionine, and of protein to the production
of hepatic cirrhosis in experimental animals is
well established (1-6). The role of these agents
in the causation and treatment of liver disease in
man remains obscure. Indeed, the difficulties en-
countered in evaluating such agents in human liver
disease are demonstrated in this study, since all
patients showed definite evidence of improvement
during the relatively brief initial control periods,
regardless of the type or duration of their disease,
and regardless of the diets provided. In most
instances this initial improvement was at least
as marked as that observed during the subsequent
study periods. For example, patient F. C., whose
liver biopsy and initial studies indicated a severe
degree of fatty alcoholic cirrhosis of the liver,
showed marked improvement while receiving a
diet devoid of protein before choline was adminis-
tered. It was not possible to attribute further
favorable clinical and laboratory changes to the
choline or to the dietary protein subsequently
administered, because of the marked initial im-

provement which occurred shortly after hospitali-
zation. Similar clinical and laboratory improve-
ment immediately upon hospitalization has been
observed in this laboratory in other patients with
acute fatty alcoholic cirrhosis of the liver who
were given diets deficient in protein but calorically
adequate (26).

Because of the difficulties encountered in at-
tempting to evaluate clinically the efficacy of spe-
cific therapeutic agents in liver disease, the demon-
stration of a favorable metabolic alteration attri-
butable to choline and methionine administered to
such patients would provide a rationale for therapy
with these agents. That such a metabolic altera-
tion might occur with regard to protein utilization
seemed possible, since these agents might be pref-
erentially utilized for lipotropic or detoxification
purposes by patients with liver disease, thereby
decreasing their availability for the maintenance
of nitrogen balance. In fact, a relative deficiency
of these agents might exist, since there is an initial
increase in the rate of phospholipid turnover fol-
lowing.their administration to patients with liver
disease (27). Dietary methionine might in this
case be the limiting essential amino acid for the
maintenance of nitrogen balance and thus would
be expected to produce an increase in the retention
of nitrogen when administered as a supplement to
a diet. Such protein anabolic properties have been
recently attributed to choline and methionine ad-
ministered orally to patients with liver disease re-
ceiving adequate intakes of protein (7). The
present study fails to confirm this observation of
a sparing of urine nitrogen attributable to choline
and methionine administered orally to patients
with liver disease when they are provided with
diets adequate to achieve positive nitrogen balance.
These patients on 100 Gm. protein diets excreted
in the urine during the administration of choline
and methionine quantities of nitrogen equivalent
to the nitrogen contained in these agents, and
nitrogen balance was not altered by such therapy
as compared to control periods.

Because of anorexia, patients with cirrhosis of
the liver are not always able to ingest quantities
of protein adequate for nitrogen balance. There-
fore, it seemed possible that a nitrogen sparing ef-
fect attributable to the lipotropic agents might
occur in patients receiving deficient diets even
though a sparing of nitrogen by methionine does
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not occur in normal man or in patients with in-
fectious hepatitis (11, 12, 13). Nitrogen reten-
tion as measured by nitrogen balance was slightly
increased during the administration of choline and
methionine to the patients in this study receiving
O to 50 Gm. protein diets, and in negative or only
slightly positive nitrogen balance. In no instance,
however, did this increase exceed the quantity of
nitrogen contained in the agents given. More-
over, in all patients, urine nitrogen excretion was
unaltered or increased during the administration
of choline and methionine, as compared to the con-
trol periods. Thus urine nitrogen was not spared
in any of the patients studied who were provided
with diets of varied protein content resulting in
nitrogen balances ranging from - 4.2 to + 6.8 Gm.
daily. The retention of the nitrogen contained in
glycine administered orally to patient R. H. (Fig-
ure 5) further demonstrates that the slight in-
creases in nitrogen retention observed during the
administration of choline and methionine to these
patients were not due to the correction of specific
limiting deficiencies of methionine, or of choline.

Choline was administered without methionine
to one patient (F. C., Figure 6) while she was
receiving a diet devoid of protein, and again when
a 100 Gm. protein diet was provided. In these
instances, choline behaved with regard to its ef-
fect upon the nitrogen balance and urine nitrogen
in a manner identical to that observed in the
other patients given choline and methionine simul-
taneously.

The failure of some patients with liver disease
to display a nitrogen sparing effect during periods
of choline and methionine administration has been
attributed, in part, to their inability to respond to
a "protein anabolic stimulus" (7). However, the
patients in the present study were able to respond
to such a stimulus as indicated by the decreases in
urine nitrogen and the concomitant increases in
positive nitrogen balance during and immediately
following the administration of testosterone pro-
pionate. It should be noted that these positive
responses were obtained at the same levels of
dietary protein intake and urine nitrogen excre-
tion at which choline and methionine had pre-
viously failed to spare urine nitrogen (Table II).
Furthermore, the magnitude of the nitrogen ba-
lance responses obtained with testosterone in the
present study is similar to that reported for the

anabolic effect of comparable doses of this hor-
mone administered to normal adult man (15).
The most marked increases in nitrogen retention
regularly followed the addition of dietary protein
to the basal control regimes, in contrast to the
changes observed during the administration of
choline and methionine, or of testosterone pro-
pionate. This response to dietary protein indi-
cated that the patients were able to utilize dietary
protein when provided, and that they were de-
pleted of protein. In this study positive nitrogen
balance was most effectively and economically
achieved by the simple expedient of providing ade-
quate quantities of dietary protein, rather than by
supplementation of the diet with choline and
methionine, or by the intramuscular administra-
tion of testosterone propionate.

SUMMARYANDCONCLUSIONS

Five patients with cirrhosis of the liver and one
patient with infectious hepatitis were maintained
on basal diets providing from 0 to 100 Gm. of pro-
tein daily. Initial control nitrogen balances aver-
aged from - 4.2 to + 7.0 Gm. daily. The effect
of supplements of choline and dl-methionine, of
testosterone, and of dietary protein upon these
balances was determined. In each study a period
of 'supplementation was preceded and followed by
identical control periods.

The oral administration of choline chloride and
dl-methionine simultaneously to these patients did
not spare urine nitrogen. In no instance did in-
creases in nitrogen balance during the administra-
tion of these agents exceed the quantity of nitro-
gen they contained. This retention of nitrogen
occurring in some patients was non-specific, since
the nitrogen contained in glycine administered
orally was similarly retained. Choline adminis-
tered without methionine behaved in a manner
identical to that observed during periods of simul-
taneous choline and methionine administration.

Testosterone propionate was administered in-
tramuscularly to three of the patients. Their
ability to respond to this protein anabolic stimulus
was demonstrated by decreases in urine nitrogen
and increases in nitrogen balance occurring at the
same levels of dietary protein intake and urine
nitrogen excretion at which choline and methio-
nine had previously failed to spare urine nitrogen.
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Increases in dietary protein of 25 to 50 Gm.
daily were accompanied by the most marked in-
creases in nitrogen retention in these patients.

No alterations in the course of these patients,
as determined clinically or by laboratory tests of
liver function, could be attributed specifically to
the administration of choline and methionine, of
testosterone propionate, or of supplements of die-
tary protein.

Although testosterone propionate had a protein
anabolic effect in these patients with liver disease,
it is concluded that positive nitrogen balance was
most effectively achieved by adequate dietary pro-
tein. A sparing of urine nitrogen could not be at-
tributed to choline and methionine administered
orally.
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