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Experimental studies in animals have demon-
strated that the functional and morphologic in-
tegrity of the liver depends largely upon the pro-
vision of adequate protein and of other lipotropic
substances in the diet (1-4). Although the role
of dietary protein in liver disease in man has been
difficult to evaluate, a nutritious diet is generally
accepted as the basic therapeutic consideration
(5). It was reported recently from this labora-
tory, however, that improvement in active liver
disease appeared to be as marked in a patient in
negative nitrogen balance while receiving insuffi-
cient amino acids by vein, as in three other pa-
tients given sufficient amino acids to achieve posi-
tive nitrogen balance (6). In addition, Popper et
al. observed that recovery from acute infectious
hepatitis was associated with a gradually decreas-
ing negative nitrogen balance, and was unrelated to
the quantity of dietary nitrogen provided (7).
We also have observed patients with acute liver
disease ( infectious hepatitis, fatty alcoholic cir-
rhosis) improve clinically and by liver function
tests before their desire for food appeared and
while their dietary intakes were grossly inade-
quate.

To clarify the role of protein in the treatment
of human liver disease, three deeply jaundiced pa-

1 A preliminary report of this investigation was included
in the Proceedings of the Forty-First Annual Meeting of
the American Society for Clinical Investigation, May 2,
1949.

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.

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

4 Volunteer Fellow in the Thorndike Memorial Labora-

tory, Boston City Hospital, and the Department of Anat-
omy, Harvard Medical School.

tients with active fatty alcoholic cirrhosis were pro-
vided with food adequate in calories but not suffi-
cient in protein to maintain nitrogen equilibrium.
Each patient was then provided with an adequate
and nutritious diet for a second period of study.
The effect of protein starvation and of protein
feeding on the clinical course, liver function, and
liver histochemistry of these patients is reported
in this communication.

MATERIALS AND METHODS

The three patients selected each gave a history of long-
standing alcoholism, and were deeply jaundiced and
acutely ill at the time the study was begun. Patient J. S.
was a 39-year-old male who admitted to drinking at least
two to four quarts of beer a day for 25 years. During
this time he ate a good diet and was regularly employed
as a cook. Six weeks before hospitalization, however, his
alcoholic intake markedly increased and consisted of hard
liquor as well as of beer. He ate:only an occasional
sandwich or bowl of soup, and noted that he was jaundiced
two days before admission. Patient M. P., a 31-year-old
housewife, consumed moderate amounts of whiskey, beer,
and wine since she was 17 years old. For the three years
preceding the present admission she drank at least a pint
to a quart of wine daily, often throughout the day, and
ate poorly. She was hospitalized because of jaundice two
years before the present admission, and for jaundice and
delirium tremens 18 months later. She then gave up
drinking entirely until one month before entry, but then
began to drink very heavily of wine and ate only an
occasional meal. Jaundice was noted two days before the
present hospitalization. The third patient, F. C., was a
36-year-old waitress who freely admitted to excessive beer
drinking for 12 years. On many occasions her drinking
became even heavier and then interfered with her eating.
When she noted that she was tremulous, she voluntarily
stopped drinking. She was jaundiced seven years before
the present admission for a period of one week. Follow-
ing a five months’ abstinence from alcohol, she again
began to drink heavily two and one-half months before
entry. She noted jaundice five days before hospitalization.

The patients were hospitalized on the Thorndike meta-
bolic ward throughout the study, and were under constant
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EFFECT OF PROTEIN STARVATION AND OF A NUTRITIOUS DIET ON THE

NITROGEN BALANCE AND Liver FuncTioN ofF Patient J. S.

supervision. During the first period of study each patient
was provided with a purified diet adequate in calories but
essentially devoid of protein, supplying from 0.2 to 0.4
gram of nitrogen daily as determined by macro-Kjeldahl
analysis. The composition of the diet and its ability to
maintain nitrogen balance with the addition of adequate
amounts of whole protein orally or of hydrolyzed protein
intravenously to normal subjects and to patients with
liver disease have been described previously (6, 8). The
diet contained no source of the vitamin B complex except
choline in small amounts, estimated to be from 30 to 100
mgm. daily (9, 10). A capsule containing vitamins A,
C, D, B,, B, niacin, Bs, and pantothenic acid was given
daily. Patients M. P. and F. C. received the protein-free
diet immediately upon hospitalization. The study of pa-
tient J. S. was not begun until the fourth hospital day,
although during this time his protein intake was estimated
to be under 40 grams daily. During the first experimen-
tal period he received, in addition to the protein-free diet,
a vegetable salad, a cup of soup, and two slices of bread
each day. This food increased the protein intake to ap-
proximately 15-grams daily (0.2 gram protein per kilo-
gram of body weight), and the choline intake to roughly
225 mgm. daily. Food supplements were not allowed the

5 “Dayamin,” furnished through the courtesy of the
Abbott Laboratories, North Chicago, Illinois, and con-
taining per capsule: Thiamine hydrochloride 5 mgm.,
riboflavin 5 mgm., nicotinamide 25 mgm., pantothenic acid
S mgm., pyridoxine 1.5 mgm., ascorbic acid 100 mgm.,,
vitamin A 10,000 U.S.P. units, and vitamin D 1,000
U.S.P. units.

other patients. The nitrogen content of the choline ¢ ad-
ministered orally to patient F. C. during part of the
initial protein-free diet was determined by macro-Kjeldahl
analysis. A nutritious diet containing the foods ordinarily
eaten in a well-balanced diet was supplied each patient
during the second period of study. The nitrogen content
was calculated from standard food tables (11, 12), and
the diet provided at least 1.1 grams of protein per kilo-
gram of body weight daily.

The daily urine and pooled stool nitrogen analyses were
determined by the standard micro- or macro-Kjeldahl
methods. As measurements of liver function, the serum
bilirubin (13), thymol turbidity (14) and flocculation,
cephalin cholesterol flocculation (15),7 plasma prothrom-
bin concentration (16), per cent retention of intravenously
administered bromsulphalein dye (5 mgm. per kilogram
of body weight at 45 minutes), and urine urobilinogen
and bile were determined. The serum albumin concen-
tration was determined in J. S. and M. P. by the Howe
method of protein separation (17) and in F. C. by an
immunological method employing anti-human serum albu-
min horse serum (18).

Liver tissue was obtained from each patient by punch
biopsy before and during the protein starvation period
and during the increased protein feeding period. The
biopsies were performed approximately four hours after
breakfast. The “Vim”-Silverman needle was employed,

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

7 Determined at the Boston City Hospital Surgical Re-
search Laboratory, Dr. Stephen J. Maddock, Director.
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and an anterior approach beneath the lowest rib margin
at the midclavicular line, or a posterior approach through
the diaphragm at the ninth intercostal space at the poste-
rior axillary line was used. It was intended that the
same biopsy site be used in the same patient, but the
decrease in liver size in patient F. C. necessitated chang-
ing from an anterior to a posterior approach for the last
two biopsies. To obtain adequate tissue for study, the nee-
dle was usually reinserted to obtain two pieces of tissue
each measuring approximately 2 mm. in width and from 2
to 3 cm. in length. There were no untoward effects from
these multiple biopsy procedures, save for transient local
pain, occasionally radiating to the right shoulder. The
following fixatives and staining procedures were employed.

1. Fat. No specific fat stains were used. Neutral fat
was easily identified in the liver cells as large, non-
staining vacuoles remaining after passage of the tissue
through fat solvents. Estimation of fat was made from
the formalin-fixed tissue (routine sections) as well as
from the pentose nucleic acid, glycogen, and alkaline phos-
phatase sections.

2. Pentose nucleic acid. Tissues were fixed in Zenker’s
fluid and stained with methylene blue and eosin. Of the
variety of basophilic substances which are stained by
methylene blue, only pentose nucleic acids are known to
occur in the cytoplasm of the liver parenchymal cells (19,
20). In this report, the alteration in the cellular content
of pentose nucleic acid (frequently designated as ribo-
nucleic acid) is considered an index of the protein content
of the liver. The evidence relating nucleic acids to pro-
tein synthesis has been reviewed by others (21, 22).
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3. Glycogen. Tissues were fixed in Rossman’s fluid
(picric acid-alcohol-formalin) at 0° C. to ensure an even
distribution of glycogen (23). Following hydrolysis of
the glycogen molecule with periodic acid, the exposed
aldehyde groups were stained with Schiff’s leucofuchsin
reagent (24). Control sections were treated with saliva
for 30 minutes prior to staining.

4. Alkaline phosphatase. Tissues were fixed in cold 80
per cent alcohol, and the enzyme demonstrated by the
Gomori technique (25). Fructose diphosphate was used
as the substrate since Deane has shown fructose diphos-
phatase to be the most widely distributed alkaline phos-
phatase in the livers of a variety of species (26). Sec-
tions of each tissue were incubated in the substrate for
three, six, and 24 hours.

5. For routine pathological examination, a sample from
each biopsy was fixed in 10 per cent formalin and stained
with hematoxylin and eosin.8

RESULTS

The effect of protein starvation and of a nutri-
tious diet upon the nitrogen balance and liver func-
tion of the three patients is shown in Figures 1-3.

The nitrogen balance was persistently negative
during the initial period while J. S., M. P., and

8 The authors are indebted to the staff of the Mallory
Institute of Pathology, Boston City Hospital, for the
preparation and staining of the formalin-fixed liver tissue.
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F. C. received the diets grossly deficient in or de-
void of protein for eight, 11, and 13 days, respec-
tively. The negative nitrogen balance decreased
moderately when F. C. was given 12 grams of
choline chloride orally daily during part of the
protein-free diet period. This decrease represented
the quantity of nitrogen (1.2 grams) contained in
the choline. Nitrogen balance became positive
only when the patients were provided with the nu-
tritious diet containing approximately 100 grams
of protein daily, and averaged + 9.5, + 9.8, and
+ 7.6 grams daily for J. S.,, M. P, and F. C,, re-
spectively.

Because of the short duration of these studies,
the fluctuations noted in the patients’ body weights
(Figures 1-3) are difficult to evaluate. Edema
and ascites were not discernible in any of the pa-
tients.

A marked improvement in liver function was ob-
served for each patient during the initial protein
starvation period (Figures 1-3).° There was a

® Although J. S. received an inadequate diet for the
three days preceding the study, the liver already had de-
creased 2 cm. in size (from 11 to 9 cm.) and had become
less tender, the icteric index had fallen from 75 to 50

units, and the urine urobilinogen had decreased from
1:512 to 1:128.

pronounced and rapid fall in the total serum
bilirubin from 4.2 to 1.9 mgm. per cent for .J. S,,
from 9.5 to 2.1 mgm. per cent for M. P., and from
8.9 to 1.1 mgm. per cent for F. C. The marked de-
crease in the retention of bromsulphalein dye,
measured serially in F. C,, paralleled that of the
serum bilirubin. The most marked changes in
both of these tests occurred in this patient prior
to the administration of choline. The urine uro-
bilinogen and bile, initially abnormal and elevated
for each patient, also progressively decreased to-
ward or to normal during this period. Changes in
the thymol turbidity were variable. The values
were elevated for each patient at the start of the
study (normal value below 1.7 cc. BaSO,), and
declined to normal in F. C,, decreased slightly in
M. P., and remained unchanged in J. S. There
was a decrease in liver size and tenderness (not
present in F. C.) while the patients received the
diets containing insufficient protein to maintain
nitrogen balance. Improvement in liver function
continued for each patient when adequate dietary
protein was provided and positive nitrogen balance
was achieved. Because of the extent of previous
change, however, the further improvement with the
nutritious diet appeared less marked than that
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during the protein-deficient period. The thymol
and cephalin flocculation tests, serum albumin
concentration, and prothrombin time showed no
- consistent pattern of change during either period
of study.

In addition to the markedly improved liver
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function observed during the initial period in
which nitrogen balance was persistently negative,
each patient manifested a definite clinical improve-
ment. This was evidenced by increased physical
and mental activity and an enhanced sense of well-
being. Although the patients were permitted un-

TABLE 1

Effect of protein starvation and of a nutritious diet upon nitrogen balance, serum bilirubin concentration, and
liver content of fat, pentose nucleic acid, and glycogen in three patients with fatty alcoholic cirrhosis

Nitrogen Total Liver histology*
Day of study and condition of study (23:‘:;'5) %ﬂirml'l‘m
gm./day mgm. /100 cc. Fat ‘‘Protein’’ Glycogen
0to4+ 0to4d+ Otod+
Control _ 4.2 24 24 24
J.S. After seven days protein- —-3.1 1.9 24 1+ 4+
poor diet
15
After six days nutritious +9.5 1.7 + 3+ 3+
diet
Control — 9.5 4+ 24 24
After six days protein-free -3.5 2.8 - 44+ 1+ 3+
diet
11
M. P -| After ten days protein-free —2.6 2.1 44+ + —
diet
19
After seven days nutritious +9.8 1.4 3+ 24 —
diet
31
Agger 19 days nutritious (Home) 0.6 24 34 44
1et
1
Control — 8.9 3+ 2+ 2+
After four days protein-free —-2.35 3.0 3+ 24 3+
diet
11
F.C. After ten days protein-free —-1.0 1.5 24 14 44
diet+six days choline
14
After 13 days protein-free —-3.3 1.1 t — —
diet
21 :
After seven days nutritious +8.7 0.5 2+ — —
diet
38
After 24 days nutritious diet +7.1 0.6 + 3+ 44

* Based on arbitrary normal values of 0 for fat and of 44 for protein and glycogen.

t Insufficient tissue for adequate examination.
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Fic. 4.
The liver fat is seen as non-staining vacuoles in the cell cytoplasm. The liver of

M. P. initially contained large amounts of fat.

This remained unchanged after the

protein-free diet was given for ten days (Biopsy No. 3), and decreased moderately after

the nutritious diet was provided for 19 days (Biopsy No. 5).

restricted activity, they were too ill when the
study was begun to participate in the usual ward
activities. By the end of the protein starvation
period, however, they were considerably more ac-
tive and were up and about the ward throughout
the day, assisting in making beds and cleaning
their rooms. After several days the anorexia
initially present had completely abated, and with
the return of appetite each expressed a manifest
dislike for the purified diet and pleaded for more
substantial food. After the conclusion of the pro-
tein starvation regime, the subjects ate very well
of the normal diet containing approximately 100
grams of protein daily.
charged on the 19th, and M. P. on the 21st hos-
pital day.** The study of F. C. was completed
by her 21st hospital day, by which time the tests
of liver function were within the limits of normal.
She voluntarily remained on the ward for three
more weeks for additional metabolic studies.
The results of histochemical studies of liver tis-
sue obtained by biopsy from the three patients be-

10 Patient M. P. continued to eat a nutritious diet and
to abstain from alcohol after discharge, and was read-
mitted in ten days for a final liver biopsy.

Patient J. S. was dis-

X 30.

fore and during the protein starvation period and
during the increased protein feeding period are
presented in Table I and described below.!
Photomicrographs of liver tissue from individual
patients illustrating representative changes in
morphology are shown in Figures 4-7.

1. Fat. The initial biopsies revealed a moderate
to marked content of fat which appeared as vari-
ably sized vacuoles distending the parenchymal
cells. No significant change was seen during the
period of protein deprivation. Liver fat decreased
moderately during the oral supplementation of

11 The interpretation of the liver sections was subject
to certain limitations, principally that imposed by the
small size of the sample of tissue obtained. Histochemical
techniques can not, as yet, be adequately quantitated, espe-
cially with a tissue as heterogeneous as the pathological
liver, and the “quantitative” values listed in Table I are
to be considered as only rough approximations. To mini-
mize the factor of biopsy size, two samples of tissue were
usually obtained at each biopsy. All biopsies were per-
formed four hours after breakfast to assure a uniformity
of factors of food intake, time of day, and state of activity.
To reduce the sampling error, the same site was chosen
for biopsy in the same patient, whenever possible. The
final interpretation was the result of independent exami-
nations of unmarked slides by the authors.
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the protein-free diet with 12 grams of choline
chloride daily for six days in patient F. C. After
receiving the nutritious diet containing approxi-
mately 100 grams of protein daily, all patients
showed an extensive decrease in fat content con-
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sisting of a decrease in the size and number of fat
vacuoles. _
2. Pentose nucleic acid. In all subjects there
was an initial low concentration of pentose nu-
cleic acid granules which were distributed about

Fic. 5.

Pentose nucleic acid appears as dark-staining granules in the cytoplasm of the liver cells.
These granules in the initial liver biopsy of J. S. were clustered in moderate amounts

in some cells, but were deficient in others (Biopsy No. 1).

After receiving the diet

deficient in protein for seven days, pentose nucleic acid was depleted in all cells (Biopsy

No. 2).

After six days of increased protein feeding, there was a return of the granules

which were uniformly distributed throughout the cell cytoplasm (Biopsy No. 3). X 160.

plasm, and fat is seen as clear vacuoles of varying size.

F1e. 6.
The glycogen in this preparation appears as dark-staining material in the cell cyto-

The cell nuclei are not stained.

The moderate quantity of glycogen initially present in the liver of J. S. (Biopsy No. 1)
increased after the patient received an adequate caloric but protein-poor diet for seven

days (Biopsy No. 2).

Liver glycogen, although slightly decreased, remained abundant
after six days of the 100 gram protein diet (Biopsy No. 3).

X 160.
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Fic. 7.

The distribution of alkaline phosphatase in the initial liver biopsy of F. C. is shown
in this preparation of tissue incubated for six hours in fructose diphosphate substrate.
The enzyme was found in Kupffer cells, in the sinusoidal and blood vessel linings, and

in bile canaliculi. X 100.

the nuclei or clumped around the bile canaliculi.
During the period of negative nitrogen balance,
and including the period in which F. C. received
choline in addition to the protein-free diet, the ini-
tial low cellular pentose nucleic acid content was
further diminished in every instance. After the
nutritious diet was provided and positive nitrogen
balance was achieved, there was a progressive in-
crease in pentose nucleic acid. The clumping of
granules then was replaced by a’ uniform cyto-
plasmic distribution.

3. Glycogen. The histologic findings were sim-
ilar for each subject. The moderate quantity of
glycogen initially present in the liver parenchymal
cells increased during the protein-deficient diet
period. In the second period when adequate
dietary protein was provided the liver cells re-
mained filled with glycogen.

4. Algaline phosphatase. The enzyme was lo-
calized mainly in the Kupffer cells, sinusoidal and
blood vessel linings, and bile canaliculi. No con-
sistent changes in content or distribution were
noted during either period of study.

5. General morphology. All liver biopsy sec-
tions showed minimal to moderate fibrosis of the
portal areas which did not change significantly
during the course of the study. Necrosis was not
observed. The individual cells of the initial biop-
sies showed marked variation in size and shape.
During the protein-deficient diet period, the non-
fat containing cells appeared more swollen and
rounded. When adequate exogenous protein was
provided and positive nitrogen balance was
achieved, the cellular appearance returned toward
normal, Distended bile canaliculi, occasionally
seen in the initial biopsies, were less frequent in
later sections.

DISCUSSION

It was observed in this study that each of three
deeply jaundiced patients with active fatty alco-
holic cirrhosis exhibited marked improvement in
clinical status and in liver function while in nega-
tive nitrogen balance occasioned by diets contain-
ing only 0.2, 0.0, and 0.0 gram of protein per
kilogram of body weight daily for eight, 11, and
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13 days, respectively. Similar changes were ob-
served previously in a patient given insufficient
amino acids by vein and in negative nitrogen bal-
ance for 24 days (6). Since the diets in each in-
stance were either grossly deficient in or devoid of
protein and supplied only small amounts of cho-
line, the improvement noted could not be attributed
to exogenous protein or lipotropic substances.
It was previously conjectured that the improved
liver function might have resulted from mobiliza-
tion of tissue proteins to the liver (6), since other
studies demonstrated that tissue repair could take
place during periods of insufficient dietary protein
intake and negative nitrogen balance by the diver-
sion of nitrogen from one organ of the body to
another (27-30). This did not appear to be the
case, since liver histology failed to reflect the
clinical and functional improvement.

The factors responsible for the improvement in
clinical status and in liver function noted in these
patients are not defined, except to demonstrate the
subsidiary role of protein and of lipotropic sub-
stances. Additional studies will be required to
determine the relative importance of withdrawal of
alcohol, of diminished physical activity and in-
creased bed rest, of improved hydration, of dietary
factors other than protein and choline (calories,
vitamins), and perhaps of other yet unknown
factors. Because of the rapidity of improvement
noted in these patients, it would be difficult to as-
certain whether improvement could be more
promptly achieved by an adequate rather than
by an inadequate protein intake, or by diets con-
taining supplements of additional protein or of
lipotropic substances. In fact, the jaundice in pa-
tient M. P. subsided as promptly at the present ad-
mission as at two previous hospitalizations at which
time she received a nutritious high-protein diet
with added vitamins and liver extract, although the
initial icterus in each instance was of comparable
degree.

The favorable results reported here occurred in
acutely ill and markedly jaundiced patients with
fatty (alcoholic) liver disease. Patients with acute
infectious hepatitis, likewise, may exhibit an un-
eventful recovery even though provided with in-
sufficient protein and in negative nitrogen balance
(7). This observation by Popper et al. confirms
our clinical impression that patients with acute in-
fectious hepatitis may improve while eating grossly
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inadequate diets, and that their enhanced desire for
food may appear only after they have demon-
strated improvement clinically and by liver func-
tion tests.

Histologic improvement in the liver occurred in
two instances: First, with the provision of ade-
quate exogenous protein and the maintenance of a
positive nitrogen balance, the liver tissue in each
patient showed a marked increase in protein con-
tent, a progressive decrease in fat, and a return of
cell size and appearance toward normal. Second,
in one patient, choline administration (12 grams
choline chloride orally daily for six days) was ac-
companied by a moderate decrease in liver fat.
However, the other morphologic changes were un-
altered from those noted in the other patients while
receiving only the protein-deficient diets. Because
the tests of liver function had improved so mark-
edly before either the nutritious diet or choline
was given, it was not possible to attribute the pa-
tients’ continued, although less dramatic, improve-
ment to the changes in liver histology.

The increase in the parenchymal cell glycogen
content observed during the period of negative ni-
trogen balance in all subjects can fairly be attrib-
uted to the high caloric and carbohydrate diet pro-
vided. The increase in cellular glycogen possibly
accounted for the more rounded appearance of the
non-fat containing liver cells during protein star-
vation. Cellular necrosis did not occur during this
short period. Hepatic fibrosis remained essen-
tially unchanged throughout both periods of study,
as did liver alkaline phosphatase. The significance
of this latter observation is difficult to evaluate be-
cause of the limited data available concerning the
role of this enzyme in human liver.

The persistence in the liver of a low cellular pro-
tein content, abundant fat, and abnormality of cel-
lular appearance during the period of deficient
protein intake and negative nitrogen balance, con-
trasts sharply with the rapid improvement noted
in clinical status and in liver function. This con-
trast might have been less dramatic had other
tests been utilized, for some of the many func-
tions of the liver might not have improved, and
perhaps might have been adversely affected.
Similarly, the failure to observe histologic liver
improvement during this period does not exclude
the possibility that other histological procedures
might have shown improvement. The diversified
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activities of the liver cannot yet be fully exposed by
either functional or histochemical tests, and it is
conceivable that the activities most directly related
to the well-being of the patient were not under
investigation at all.

The results of the present study can not be con-
sidered at variance with the studies previously re-
ported in animals and in man concerning the role
of dietary protein in liver disease. - It must be em-
phasized that our patients received the protein
starvation diets for omly short periods of time.
The effect of more prolonged protein deprivation
on liver function and histology in man can merely
be conjectured. Such a study would appear un-
wise in view of the demonstrated adverse effects
upon the functional and morphologic integrity of
the livers of experimental animals provided with
diets low in protein for protracted periods of time
(1-4). The present study, however, demon-
strates that the provision of diets grossly inade-
quate in protein for short periods of time to pa-
tients with acute liver disease (fatty alcoholic cir-
rhosis) does not militate against improvement in
clinical status and in liver function. Because of
the rapidity of change that may occur in acute liver
disease, together with the individual variability
that exists among patients, it is necessary to exer-
cise caution in assessing the efficacy of a single
therapeutic agent unless adequate control studies
are simultaneously provided.

SUMMARY AND CONCLUSIONS

1. Three deeply jaundiced patients with active
fatty alcoholic cirrhosis were selected for a study
of the effect of protein starvation and of subsequent
re-feeding upon their clinical course, liver func-
tion, and liver histochemistry.

2. During an initial protein starvation period
the subjects were provided with food adequate in
calories but not sufficient in protein to maintain
nitrogen equilibrium (0.2, 0.0, and 0.0 gram of
protein per kilogram of body weight daily for
eight, 11, and 13 days, respectively). During
part of this period, one patient received orally 12
grams of choline chloride daily for six days. Dur-
ing a subsequent nutritious diet period, the sub-
jects received at least 1.1 grams of protein per
kilogram of body weight daily for six, 19, and 24
days, respectively.

3. During protein starvation, although the ni-
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trogen balance was persistently negative, each pa-
tient manifested clinical improvement, a decrease
in liver size and tenderness (not present in one
patient), a rapid fall in serum bilirubin, in urine
bile, and in bromsulphalein retention (measured
serially in only one patient), and a progressive de-
crease in urine urobilinogen. The most marked
changes in these tests preceded choline adminis-
tration to one patient. Nine liver punch biopsies
during the protein starvation period showed mod-
erate to marked fat which remained unaltered ex-
cept for a moderate decrease during choline ad-
ministration, an initial low cellular protein content
which further diminished, and a moderate cel-
lular glycogen content which progressively in-
creased. Necrosis was not observed.

4. During the increased protein feeding period
a marked positive nitrogen balance was attained.
Improvement in clinical status and in liver func-
tion continued but appeared less marked than that
during the protein-deficient diet because of the ex-
tent of previous change. Five liver punch biopsies
obtained during the protein feeding period showed
a progressive decrease in fat, a marked increase in
protein content, and a return of cell size and ap-
pearance toward normal. Liver glycogen remained
abundant. Hepatic fibrosis (minimal) and alka-
line phosphatase remained unchanged during both
periods of study.

5. It is concluded that, under the conditions of
this study, improvement in clinical status and in
liver function occurred in spite of negative nitro-
gen balance occasioned by diets grossly deficient
in or devoid of protein. Liver histology, however,
failed to reflect this improvement, and except for
a moderate reduction in liver fat during choline
administration, morphologic improvement ap-
peared only with the provision of adequate exoge-
nous protein and the maintenance of positive ni-
trogen balance.
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