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Previous studies have indicated that in man, al-
cohol ! ingestion can lead to the development of
fatty liver despite adequate dietary intake (2, 3).
The origin of the fat accumulated in the liver, how-
ever, has not yet been reported in human studies,
whereas in rats, conflicting findings have been
published. Liver triglycerides resembling adipose
tissue lipids have been found by several authors
after the acute administration of a single large dose
of alcohol (1, 4-6). In contrast, after repeated
administration of more moderate amounts of al-
cohol (with adequate nutrition) over prolonged
periods of time, we found that fat which accumu-
lated in the liver differed markedly from adipose
tissue lipids, with a large component of dietary
fatty acids when the ethanol was given with fat-
containing diets, and of endogenously synthesized
fatty acids when the ethanol was fed with low fat
diets (1, 6). It was the purpose of the present in-
vestigation to extend these studies on the effect of
prolonged ethanol intake to man.
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1In this paper, alcohol and ethanol are used synony-
mously.

Methods

Subjects. Five volunteers were studied on the meta-
bolic unit of the Second (Cornell) Medical Division,
Bellevue Hospital. Three were males, aged 39 (A.L.),
35 (F.A.), and 45 (R.].), and two were females, aged 52
(S.S.) and 57 (J.S.). All had a history of alcoholism,
but at the time of the study they had abstained from al-
cohol during periods of hospitalization varying from 2 to
5 months; none had clinical or laboratory evidence of
liver disease, and liver morphology was normal, as in-
dicated by the biopsies done during the initial control
periods (Figures 1A to 5A).

Diets and procedure. Before the actual study period
with strict dietary control, subjects were given ad libitum
a nutritious conventional diet rich in corn oil (subjects
AL, RJ., and S.S.), coconut oil (J.S.), or linseed oil
(F.A.). These oils were selected because of their char-
acteristic fatty acid composition, indicated in Table I.
Corn and linseed oils are rich in linoleate (18:2) and
linolenate (18:3), respectively, which are especially suit-
able as fatty acid markers because neither can be syn-
thesized in the liver. Coconut oil contains laurate + my-
ristate (12:0+14:0), which are normally present in
only small amounts in human tissues. During this pre-
liminary 1- to 2-month period, the subjects (who had
been underweight on admission to the hospital) had a
restoration of normal body weight.

The amount, composition, and duration of each diet
given during the actual study periods with strict dietary
control have been indicated individually in Figures 1 to

TABLE 1
Fatty acid composition of the dietary oils*

Coconut Corn Linseed

Fatty acidst ~ oil oil oil
8:0 4 10:0 13.7
12:0 + 14:0 57.3

16:0 11.7 - 119 6.7

18:0 2.2 1.6 5.7

18:1 10.9 27.6 21.4

18:2 4.0 58.9 18.6

18:3 47.7

* Expressed as per cent of total fatty acids.
1 Designated as chain length:double bond (7).
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Fic. 1. CoMPOSITION OF THE DIET, BODY WEIGHTS, AND SERUM ETHANOL CONCENTRA-
TIONS IN THEIR RELATIONSHIP TO THE LIVER AND ADIPOSE BIOPSIES DONE IN SUBJECT S. S.
Hepatic morphology (hematoxylin-eosin stains) before and after each ethanol period are
indicated in 1A-1D. The results of lipid analysis of the biopsies are reported in Table II.
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FiG. 2. CoMPOSITION OF THE DIET, BODY WEIGIITS, AND SERUM ETHANCL CONCENTRA-
TIONS IN THEIR RELATIONSHIP TO THE LIVER AND ADIPOSE BIOPSIES DONE IN SUBJECT A. L.
Hepatic morphology (hematoxylin-eosin stains) before and after each ethanol period are
indicated in 2A-2D. The results of lipid analysis of the biopsies are reported in Table III.
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Fic. 3. CoMPOSITION OF THE DIET, BODY WEIGHTS, AND SERUM ETHANOL CONCENTRA-
TIONS IN THEIR RELATIONSHIP TO THE LIVER AND ADIPOSE BIOPSIES DONE IN SUBJECT R. J.
Hepatic morphology (hematoxylin-eosin stains) before and after each ethanol period are
indicated in 3A-3D. The results of lipid analysis of the biopsies are reported in Table IV,
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Fi1c. 4. CoMPOSITION OF THE DIET, BODY WEIGHTS, AND SERUM ETHANOL CONCENTRATIONS IN
THEIR RELATIONSHIP TO THE LIVER AND ADIPOSE BIOPSIES DONE IN sUBJECT J. S. Hepatic- mor-

phology (hematoxylin-eosin stains) before and after the ethanol period are indicated in 4A-4D.
The results of lipid analysis of the biopsies are reported in Table V.



DIETARY AND ENDOGENOUS FATTY ACIDS IN HUMAN ALCOHOLIC FATTY LIVER

1405

100 —|2650
% of Total cal.
cal. per day
S\ wl 7 24 1325
LINSEED OIL
\PROTEIN
0 -0
—120
Serum ethanol i mg %
Kg =0
60
Body wt.
50 [ T R T Lo by
0 10 20 30 ' 40 45 50 55
Days
FJ(;. 5 C()RII"()SIT]ON OF THE DIET, BODY WEIGHTS, ANDB SERUM ETIHANOL CONCENTRA-

TIONS 1IN THEIR RELATIONSIIIP TO TIIE LIVER AND ADIPOSE BIOPSIES DONE IN SUBJECT F. A.
Hepatic morphology (hematoxylin-eosin stains) before and after the ethanol period are
indicated in A and 5B. The results of lipid analysis of the biopsies are reported in Table
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5. The diets were given either as liquid or solid foods.
All the diets had an adequate content of nutrients, in-
cluding amounts of vitamins and minerals above the daily
recommended dosage (8). Special care was given to the
maintenanze of constant food intake, and the individuals
had stable body weights throughout the study (Figures 1
to 5). During the metabolic study period, feeding of corn,
coconut, or linseed oil continued: the per cent of calories
contributed by fat in the fat-containing diet was 36%,
which is comparable to the lipid content of an average
American diet.

Subjects S.S. and A.L. were first given a liquid diet
containing 369 of total calories as fat (corn oil) divided

After the control period, al-
considered to have a caloric
(8) was administered with the

in five equal daily doses.
cohol (as 95% ethanol)
value of 7 calories per g
liquid diet in increasing
ing carbohydrate given during the control period (Fig-
ures 1 and 2). The amounts of alcohol given produced
mild euphoria without gross intoxication. During the
ethanol administration, the corn oil was replaced by co-
conut oil to allow subscquent differentiation in the liver
triglycerides between fatty acids originating in the diet
and those mobilized from adipose tissue. At the end of
the first 18-day ethanol period, both subjects were given
a diet composed of solid conventional foods which, dur-

amounts, isocalorically replac-
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ing the first half of the second control period, was rich
in corn oil, whereas during the second half of the con-
trol period it consisted of a low fat diet with only ap-
proximately 5% of the total calories as fat as calculated
from food composition tables (9) and determined by
analysis of total lipid content of a sample of the diet. The
solid diet consisted of an identical daily intake of the
same items divided into three meals. All the food with
the exception of lettuce was utilized from a single lot
purchased at the start of the experiment. Black coffee and
tea were allowed as desired. At the end of the low fat
control period, carbohydrates were again isocalorically re-
placed by increasing amounts of ethanol in exactly the same
dosage given previously with the fat-containing diet (Fig-
ures 1 and 2). When administered with the solid food,
ethanol was given in a 15% aqueous solution with vari-
ous flavorings and divided into five equal daily doses.
In subject R.J., a similar study was done, starting out
with the solid low-fat diet (Figure 3). When ethanol
was administered with a fat-containing diet (over 16
days) the switch of oils was from corn to linseed in-
stead of corn to coconut. Between the two tests, sub-
ject R.J. received a conventional diet rich in corn oil.
Subjects F.A. and J. S. were given fat-containing liquid
diets (linseed oil to F.A., coconut oil to J. S.) whose
composition was continued unchanged when ethanol was
introduced (Figures 4 and 5) to rule out possible effects
of a switch of dietary oils per se on hepatic fat accumula-
tion. Ethanol was given for 16 days in subject F.A. and
18 days in subject J.S. Subsequently, after a second con-
trol period, subject J.S. was again given ethanol for 18
days, this time with a low fat diet (Figure 4) similar
to the low fat diet given the other subjects. Throughout
the entire study, subject J.S. received a daily supplement
of 10 g choline chloride to assure the availability of an
excess of lipotropic agents.

Before and after each of the ethanol periods, adipose
tissue was sampled according to the technique of Hirsch
and associates (10), and liver biopsies were performed
with a Menghini needle. Hepatic tissue was fixed in 10%
neutral formalin for histological processing and hema-
toxylin-eosin staining. When the liver biopsy yielded
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enough tissue, lipid analysis (described below) was car-
ried out on the sample of hepatic tissue not used for the
histological examination. To minimize weight changes
through water evaporation, the liver biopsy specimens
were carried from the bedside to the balance in a small
stoppered weighing bottle on a saline-moistened sponge.
For blood alcohol determinations, samples were col-
lected in the afternoon 13 hours after the alcohol feed-
ing. Serum was obtained and frozen at — 18° C until
analysis.

Chemical analysis. Serum alcohol was determined ac-
cording to the procedure of Bonnichsen (11).

Total lipids were determined in liver biopsy material
by the method of Amenta (12) after extraction with
ethanol : ethyl ether (3:1). These values as well as
triglyceride contents were related to wet weight of the
specimen determined immediately after the performance
of the biopsy in a tared balance accurate to 0.0001 g.
Total weight of the biopsy material for chemical analysis
ranged from 9 to 41 mg. Liver triglyceride was deter-
mined on a sample of the ethanol: ethyl ether extract in
specimens whose weight exceeded 20 mg. An internal
standard of trimargarin? was added to the sample and
the extract evaporated and applied to a 0.5-mm silicic
acid chromatoplate (13) that had first been washed with
methanol : acetic acid (50:1). The chromatoplate was
developed in ethyl ether: heptane (15:100) and sprayed
with rhodamine B. The triglyceride area was identified
by an appropriate standard and recovered from scrapings
from the plate by the method of Goldrick and Hirsch
(14). The triglyceride content of the sample was de-
termined after gas-liquid chromatography (see below)
by the following formula: Triglyceride = (area of methyl
esters other than methyl margarinate X weight of tri-
margarin) /area of methyl margarinate.

Gas-liquid chromatography was carried out on methyl
esters of liver triglyceride fatty acids and ethanol: ethyl
ether (3:1) extract of adipose tissue or dietary oils. In
all instances hydrolysis was carried out in 4% KOH in
94% ethanol, and methyl esters were prepared with 3%

2 Applied Science Iaboratories, State College, Pa.

TABLE II

Fatty acid composition* of adipose tissue lipids and liver triglycerides in subject S.S. (Figure I)

Control corn oil diet

Ethanol coconut oil diet

Control low fat diet Ethanol low fat diet

Biopsies A Biopsies B Biopsies C Biopsies D
Fatty acids Liver Adipose Liver Adipose Liver Adipose Liver Adipose
12:0 + 14:0 1.6 16.4 29 3.0 2.9
16:0 23.0 36.8 23.5 19.6 27.3 19.6
16:1 8.7 8.1 9.6 9.5 4.5 10.4
18:0 4.0 1.8 6.1 1.6
18:1 47.6 28.0 45.1 44 4 56.1 44.7
18:2 19.0 5.5 17.8 19.4 6.1 20.1
Total lipids
(mg/g) 155.5 43.5 63.4
Triglycerides
(mg/g) 108.2 32.1

* Expressed as per cent of total fatty acids.
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: TABLE I
Fatty acid composition* of adipose tissue lipids and liver triglycerides in subject A.L. (Figure 2)

Control corn oil diet

Ethanol coconut oil diet

Control low fat diet Ethanol low fat diet

Biopsies A Biopsies B Biopsies C Biopsies D
Fatty acids Liver Adipose Liver Adipose Liver Adipose Liver Adipose
12:0 4+ 14:0 6.1 15.4 85 6.1 4.7 6.9
16:0 16.0 26.6 14.3 26.6 14.2 40.6 16.1
16:1 13.1 5.6 13.1 8.5 14.6 9.4 12.2
18:0 4.5 5.9 9.0 22.6 5.3 1.6 6.6
18:1 35.1 35.8 31.8 35.6 35.0 344 34.0
18:2 25.2 10.8 23.3 6.8 24.8 9.4 24.4
Total lipids
(mg/g) 294 118.1 29.7 35.7
Triglycerides
(mg/g) 83.3 7.8 15.9
* Expressed as per cent of total fatty acids.
boron trifluoride in methanol (15). Chromatographic individual, chemical analysis was performed on at

analyses were carried out at 197° C in a model 400 F&M
chromatograph equipped with a 6-foot glass column with
15% diethylene glycol adipate utilizing a flame ionization
detector. The instrument had been standardized with Na-
tional Institutes of Health standard solutions A-E (16)
and known combinations of methyl linolenate and methyl
oleate. Deflection areas were determined with a disc
integrator. Major components were within 2% and
minor within 8% of expected values.

Results

The morphologic changes produced by ethanol
in the liver are represented in Figures 1A-D,
2A-D, 3A-D, 4A-D, and 5A, B. The results of
chemical lipid analyses are listed in Tables II-VI.

During the nine control periods in all five indi-
viduals, liver morphology was normal (biopsies
1A, 1C in subject S.S.; 2A, 2C in A.L.; 3A, 3C
inR.J.;4A,4Cin J.S.;and 5A in F.A.). Ineach

least one control liver biopsy (Tables II-VI);
total lipids of the control biopsies were all below
55 mg per g.

In all five individuals, at the end of each of the
nine ethanol periods, fat accumulation was ob-
served in the liver on morphological examination,
ranging from minimal (Figures 1D, 2D) to mod-
erate or marked steatosis (Figures 1B, 2B, 3B,
3D, 4B, 4D, and 5B). When sufficient tissue was
available, steatosis was confirmed on chemical
analysis (Tables II-VI). The striking differ-
ence in the degree of steatosis depended in part
upon the fat content of the diet fed with the
ethanol. Despite the fact that the same amount of
ethanol was given with the fat-containing as with
low fat diets, steatosis was much less evident on
the low fat than on the fat-containing diet in each

TABLE 1V
Fatty acid composition* of adipose tissue Lipids and liver triglycerides in subject R.J. ( Figure 3)

Control low fat diet

Ethanol low fat diet

Control corn oil diet Ethanol linseed oil diett

Biopsies A Biopsies B Biopsies C Biopsies D
Fatty acids Liver Adipose Liver Adipose Liver Adipose Liver Adipose
12:0 4 14:0 2.0 2.5 5.0 4.4 0.9 4.3
16:0 22.8 23.9 21.5 23.2 20.0 11.7 19.0
16:1 109 74 15.0 7.4 11.6 31 11.2
18:0 3.2 6.1 3.9 4.8 4.8 5.7 4.6
18:1 50.9 58.8 45.6 39.6 39.0 26.9 39.0
18:2 9.5 3.7 11.4 20.1 20.3 23.1 20.7
18:3 28.6 1.4
Total lipids
(mg/g) 472 116.0 48.3
Triglycerides
(mg/g) 85.9 23.9

* Expressed as per cent of total fatty acids.

t When given with the linseed oil diet, the ethanol period was 16 days instead of 18 days.
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TABLE V
Fatty acid composition* of adipose tissue lipids and liver triglycerides in subject J.S. (Figure 4)

Control coconut oil diet

Ethanol coconut oil diet

Control low fat diet Ethanol low fat diet

Biopsies A Biopsies B Biopsies C Biopsies D
Fatty acids Liver Adiposet Liver Adipose Liver Adipose Liver Adipose
12:0 + 14:0 27.8 25.0 15.1 5.4 18.3 17.9
16:0 28.3 20.5 16.8 32.4 17.9 33.3 21.0
16:1 10.3 13.2 14.2 9.5 13.1 . 9.5 13.0
18:0 4.0 4.2 4.0 2.3 2.2 9.5 2.2
18:1 28.3 29.2 36.5 45.9 39.9 47.6 40.0
18:2 4.3 7.9 12.1 4.1 8.7 6.1
18:3 0.8
Total lipids
(mg/g) 47.7 140.0 54.8 77.4
Triglycerides
(mg/g) 19.6 102.2 14.3 42.1

* Expressed as per cent of total fatty acids.

t The initial adipose biopsy was accidentally discarded.

of the four subjects tested with the two diets.
This is shown by a comparison of Figures 1D and
1B in subject S.S., 2D and 2B in subject A.L,,
3B and 3D in subject R.]., and 4B and 4D in sub-
ject J.S. In three of the four subjects, morpho-
logic comparison was substantiated by chemical
analysis of the liver biopsies; hepatic triglycerides
were 108.2, 83.3, and 102.2 mg per g after feeding
of ethanol and fat-éontaining diet, and only 32.1,
15.9, and 42.1 mg per g after ethanol and low fat
diet in subjects S.S., A.L., and J.S., respectively
(p<001) (Tables II, III, V). In general,
correlation between chemical analysis and histo-
logical appearance was good. In all instances
variation of the degree of steatosis in each indi-
vidual was directly related to the chemical values.
The degree of response, however, to the ethanol

TABLE VI

Fatty acid composition* of adipose vissue lipids and liver
triglycerides in subject F. A. (Figure 5)

Control linseed Ethanol linseed

oil diet oil diet
Biopsies A Biopsies B
Fatty acids Liver Adipose  Liver Adipose
12:0 4 14:0 3.6 2.6 4.3
16:0 30.6 20.4 33.7 16.6
16:1 4.1 12.0 6.5 11.8
18:0 5.1 2.4 2.9 4.6
18:1 34.7 50.4 18.8 43.2
18:2 11.2 10.8 6.5 17.2
18:3 14.3 29.1 2.4
Total lipids
(mg/g). 39.7
Triglycerides
(mg/g) 5.0 44.5

* Expressed as per cent of total fatty acids.

varied from one individual to another, with, for
instance, as much hepatic steatosis in R.J. on a
low-fat diet (Table IV, biopsy B) as in A.L. on
a fat-containing diet (Table III, biopsy B), and
more than in F.A. (Table VI, biopsy B), also on
a fat-containing diet. In addition to the difference
in concentration in hepatic triglyceride and total
lipids, the composition of hepatic triglyceride fatty
acids varied also, depending upon the fat content
of the diet administered with the ethanol. When
given with fat-containing diets, hepatic triglycer-
ide fatty acids had a large percentage of dietary
fatty acids: laurate and myristate (12:0 4+ 14:0)
in the subjects given coconut oil (S.S., Table II,
biopsy B; A.L., Table III, biopsy B; and ].S.,
Table V, biopsy B) and linolenate (18:3) in the
subjects given linseed oil (R.]., Table IV, biopsy
D; and F.A,, Table VI, biopsy B). In all in-
stances, the composition of the fatty acids of the
hepatic triglycerides after ethanol ingestion was
strikingly different from adipose tissue. In sub-
jects S.S., AL., and ]J.S., in whom ethanol was
given with coconut oil, hepatic triglycerides had a
fatty acid composition with considerably more lau-
rate and myristate (12:0 + 14: 0) than the adipose
tissue. Conversely, the linoleate (18:2) content
was markedly less in the hepatic triglyceride fatty
acids than in adipose tissue (Tables II, ITI, and
V, biopsies B). In subjects R.J. and F.A., in
whom ethanol was fed with linseed oil, concen-
tration of linolenate (18:3) was 28.6 and 29.1%,
respectively, in hepatic triglyceride fatty acids
compared to only 1.4 and 2.4%, respectively, in
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adipose tissue (Table IV, biopsy D; Table VI,
biopsy B).

When low fat diets were given with ethanol
("Table II, biopsy D; Table III, biopsy D; Table
IV, biopsy B; and Table V, biopsy D) or without
ethanol (Table IV, biopsy A ; Table V, biopsy C),
endogenously synthesized fatty acids such as pal-
mitate (16:0) or oleate (18:1) predominated in
hepatic triglycerides and were more abundant
than in the corresponding adipose tissue. Con-
versely, the linoleate (18:2) concentration in
hepatic triglyceride fatty acids was, on the aver-
age, less than one-third that of adipose tissue
(p <0.02).

Serum alcohol concentrations have been indi-
cated in Figures 1 to 5; they were moderate, never
exceeding 120 mg per 100 ml, which correlates
with the appearance of mild euphoria without
gross signs of intoxication.

Discussion

The main goal of the present study was to deter-
mine the origin of the fatty acids that appear in
liver triglycerides after prolonged ethanol intake
in man when given with an otherwise adequate
diet (2). It was found that the fatty acid compo-
sition of the alcoholic fatty liver is largely deter-
mined by the nature of the diet ingested with the
alcohol.

Each of the five individuals studied had higher
hepatic lipids at the end of the 16- to 18-day ethanol
periods than in the control biopsies (Tables II-
VI). The control values for hepatic total lipid
concentrations were similar to those reported
previously by Billing and co-workers (17). To
our knowledge, there are no previously reported
direct measurements of hepatic triglycerides in
needle biopsies in man ; the values we found, how-
ever, agree with those observed in rats given simi-
lar diets (6).

When given with fat-containing diets, prolonged
ethanol intake was found to result in hepatic ac-
cumulation of fatty acids resembling in part die-
tary lipids (Tables II-VI). These results paral-
lel closely the ones we obtained previously in rats
studied under similar experimental conditions (1,
6). Our previous observations of a decrease of
fatty acid oxidation (18) in liver slices incubated
with ethanol support the hypothesis that dietary
lipids accumulate in the liver because of a reduc-
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tion in their hepatic oxidation, but this possible
mechanism for the hepatic accumulation of dietary
fatty acids upon the ingestion of ethanol has not
been investigated directly in the present study.
The importance of dietary fat in the pathogene-
sis of the alcoholic fatty liver is indicated not only
by the nature of the fatty acids accumulating in the
liver, but also by the striking diminution in hepatic
steatosis, both morphologically (Figures 1B, D;
2B, D; 3B, D; and 4B, D) and chemically (Ta-
bles II, III, and V), when the fat content of the
diet was decreased while the amount of ethanol
remained the same. Although the experiments
we have carried out in man are limited in number
and reveal some variability among individuals,
their significance is enhanced by their close agree-
ment with the findings of a larger series of simi-
lar studies carried out in rats (6). With the in-
gestion of low fat diets, with or without ethanol,
endogenously synthesized fatty acids such as pal-
mitate and oleate were the predominant compo-
nents of hepatic triglycerides and exceeded those
of adipose tissue (Tables II-V), as was previously
found in rats (6). The mechanisms by which al-
cohol produced the accumulation of endogenously
synthesized fatty acids under these experimental
conditions have not been clarified. A plausible ex-
planation would be increased hepatic fatty acid
synthesis, decreased hepatic fatty acid oxidation,
or both, shown previously to be produced by
ethanol in the liver in vitro in association with a
change in the cytoplasmic ratio of oxidized/re-
duced diphosphopyridine nucleotide (18, 19).
The relative importance of these two mechanisms,
however, has not yet been dissociated (18, 20).
Although these results indicate that hepatic tri-
glyceride fatty acids many arise from different
sources depending on the availability of dietary fat,
in no instance were hepatic and adipose fatty acids
similar. These findings contrast with experi-
ments in which a single large dose of alcohol pro-
duced an increase in liver triglycerides with a fatty
acid composition similar to that of adipose tissue
(1, 4, 5). In the latter experimental model, the
similarity of adipose and hepatic triglyceride fatty
acids led to the concept of enhanced peripheral fat
mobilization as the cause for the alcoholic fatty
liver (4), whereas other data incriminated a de-
crease in the hepatic metabolism of fatty acids
mobilized from adipose tissue at a normal rate
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(21). Our studies in the rat have led us to sug-
gest that the dose and duration of alcohol adminis-
tration as well as the availability of dietary fat will
determine the fatty acid pattern of ethanol-induced
fatty liver. We confirmed the fact that in rats,
one large dose of ethanol leads to deposition, in
the liver, of fatty acids resembling adipose tissue,
especially in their linoleate content. After pro-
longed ethanol intake, however, we found that
hepatic triglyceride fatty acids differed in many
respects from those of adipose tissue, particularly
with regard to the linoleate concentration (6).
The present study confirms these results in man.
Despite the difference in composition between the
liver and adipose tissue fatty acids, it is conceiv-
able that liver fatty acids could have derived from
adipose tissue through a process of selective free
fatty acid mobilization, or as a consequence of a
difference in the rate of hepatic metabolism of the
various fatty acids. That such factors, however,
are not likely to play major roles is suggested by
the fact that when a fatty liver is produced through
enhanced peripheral fat mobilization, after epineph-
rine for instance, fatty acids accumulating in the
liver do indeed resemble adipose tissue (22).
Since the fatty acid composition of the fatty liver
produced in rats by a large dose of ethanol differs
from that after prolonged intake of more moderate
amounts (1, 4-6) it is possible that in humans
too, when very large quantities of ethanol are in-
gested, adipose tissue may play a greater role than
in the present study. That the dose of alcohol
was moderate in the present study is indicated
both by the absence of marked ethanol intoxica-
tion and by serum alcohol concentrations lower
than those of a group of patients hospitalized for
pronounced inebriation (23). Our previous data
(2, 3) as well as the present study indicate, how-
ever, that even moderate amounts of ethanol can
lead to the production of a fatty liver despite ade-
quate diets, and that the triglycerides of this type
of alcoholic fatty liver contain fatty acids that do
not derive primarily from fat depots but consist of
endogenously synthesized and, when available,
dietary fatty acids.

Summary

Five alcoholic volunteers were given ethanol
and adequate diets under metabolic ward condi-

CHARLES S. LIEBER AND NORTON SPRITZ

tions to study the origin of the fatty acids of the
alcoholic fatty liver.

After each of the nine alcohol-feeding periods
lasting 16 to 18 days, hepatic steatosis was pro-
duced, with a fatty acid composition of the hepatic
triglycerides markedly different from that of adi-
pose tissue. When given with a low fat diet, he-
patic triglycerides had a linoleate content less than
one-third that of adipose tissue, with instead more
endogenously synthesized fatty acids, such as pal-
mitate. When ethanol was given with a diet con-
taining 36% calories as fat, whether saturated
(coconut oil) or unsaturated (linseed oil), much
more dietary fatty acids were present in liver tri-
glycerides than in adipose tissue, indicating that,
when available, dietary lipids represent a major
source for the fatty acids accumulating in the fatty
liver produced by prolonged alcohol intake. In
the four individuals given the two types of diets
during two different test periods, significantly
less steatosis developed when ethanol was adminis-
tered with low fat (5% of calories) than with
fat-containing (36% of calories) diets.
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