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Abstract

The effects of acute ethanol ingestion on whole body and
hepatic protein metabolism in humans are not known. To
simulate social drinking, we compared the effects of the
association of a mixed meal (632 kcal, 17% amino acids,
50% glucose, 33% lipids) with a bottle of either table wine
(ethanol content 71 g) or water on the estimates ([1-'4C]-
leucine infusion) of whole body protein breakdown, oxida-
tion, and synthesis, and on the intravascular fractional se-
cretory rates (FSR) of hepatically (albumin, fibrinogen)
and extrahepatically (IgG) synthesized plasma proteins in
two randomized groups (ethanol n = 7, water n = 7) of
healthy nonalcoholic volunteers. Each study was carried out
for 8 h. Protein kinetics were measured in the overnight
post-absorptive state, over the first 4 h, and during a meal
infusion (via a nasogastric feeding tube at constant rate)
combined with the oral ingestion of wine or water, over the
last 4 h. When compared with water, wine ingestion during
the meal reduced (P < 0.03) by 24% the rate of leucine
oxidation, did not modify the estimates of whole body pro-
tein breakdown and synthesis, reduced (P < 0.01) by
- 30% the FSR of albumin and fibrinogen, but did not
affect IgG FSR. In conclusion, 70 g of ethanol, an amount
usual among social drinkers, impairs hepatic protein metab-
olism. The habitual consumption of such amounts by reduc-
ing the synthesis and/or secretion of hepatic proteins might
lead to the progressive development of liver injury and to
hypoalbuminemia also in the absence of protein malnutri-
tion. (J. Clin. Invest. 1995. 95:1472-1479.) Key words: alco-
hol * leucine metabolism * albumin * fibrinogen * immuno-
globulins

Introduction

Despite the common presence of alcohol in the diet of western
countries (1), very few data are available on the potential inter-
actions between acute or short-term ethanol ingestion and pro-
tein metabolism in humans. Acute ethanol administration inhib-
its protein synthesis in vitro in isolated hepatocytes (2), in
perfused livers (3), and in vivo in rat liver (4). In humans it is
known that the intravenous infusion of ethanol reduces urinary
nitrogen excretion (5); whereas the isocaloric replacement of
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glucose and lipids with ethanol in a 3-6-wk diet of normal (6)
or alcoholic subjects (7, 8) results in a negative nitrogen balance
and weight loss. The presence of adequate amounts of amino
acids in the diet of these subjects (6, 8) rules out the possibility
that protein malnutrition, commonly indicated as the cause of
many complications of chronic alcoholism (9), was responsible
for the negative nitrogen balance. Thus a direct "toxic" effect
of ethanol ingestion on protein metabolism must be considered.
However, nitrogen balance studies (6-8) cannot provide any
insight into the mechanism(s), i.e., increased protein break-
down and/or decreased protein synthesis, by which ethanol
leads to net protein catabolism.

The aim of this study was to establish the effects of acute
ethanol ingestion on the rates of whole body protein breakdown,
synthesis, and oxidation in the absorptive state. Additionally,
since ethanol is almost exclusively metabolized by the liver
(10), the effects on the secretion rates of the two most repre-
sented plasma proteins synthesized by the liver (albumin and
fibrinogen) were determined and compared with those of the
extrahepatically synthesized immunoglobulin G (IgG). To sim-
ulate a common situation of social drinking, i.e., alcohol with
a meal, the effects of the ingestion of a bottle of table wine (71
g of ethanol over 3 h) were compared with those of mineral
water during the intragastric infusion of a mixed meal in two
randomized groups of healthy volunteers.

Methods
Materials. Purity, sterility, and radio purity of L-[1-'4C]leucine (sp
act 57 mCi/mmol; Amersham International, Buckinghamshire, United
Kingdom) were determined before use (11).

Protocol. After receiving Institutional Review Board approval, in-
formed consent was obtained from 14 healthy volunteers (2 females,
12 males), with normal physical examination, routine blood analysis,
and without any serological evidence of viral hepatitis. All of them
reported to be occasional consumers of moderate amounts of alcoholic
beverages, usually < 120 g/wk. The subjects were randomly divided
into a water (n = 7) or an ethanol (n = 7) group, and matched for sex,
age (water 23±1, ethanol 24±1 yr), weight (water 67± 1, ethanol 68±4
kg), and body mass index (water 22.0±0.4, ethanol 22.1±0.7 kg/M2).
All subjects were studied 3 d after consuming a weight-maintenance
diet of 35 kcal kg-' d-' containing 55, 30, and 15% carbohydrate,
fat, and protein, respectively, and not drinking alcoholic beverages.
After fasting overnight, the volunteers were admitted to the Clinical
Research Unit of the Dipartimento di Medicina Interna e Scienze Endo-
crine e Metaboliche of the University of Perugia, at - 07:30 h. At

- 08:00 h an 18-gauge plastic catheter needle was placed in an antecubi-
tal vein for the infusion of [1- 4C]leucine (Harvard syringe pump;
Harvard Apparatus, South Natick, MA) and saline (0.5 ml min-'; Vial
Medical, Grenoble, France). A contralateral hand vein was cannulated
in a retrograde fashion with a 19-gauge butterfly needle and was main-
tained at 65'C in a thermoregulated Plexiglas box to permit intermittent
sampling of arterialized venous blood (12), and a feeding nasogastric
tube was inserted for intragastric (ig)' meal infusion (Vial Medical).

1. Abbreviations used in this paper: FSR, fractional secretory rates; ig,
intragastric; KIC, a-ketoisocaproic acid; SA, specific activity.
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At 09:00 h (0 min), a primed-constant intravenous infusion of L- [1-
"'C] leucine (9 1iCi prime, 0.3 liCi min-') was started and continued
for 8 h. At 240 min, after blood and breath sampling, the ig infusion
of a liquid mixed meal was started at a rate of 1.75 mlmin-' and
continued until the end of the study (480 min). The meal provided 17%
of total calories from amino acids, 33% from lipids, and 50% from
carbohydrates, for a total amount of 632 kcal. It was prepared by mixing
a complete formula (IsopuraminD Plus 10%; Bieffe Medical, Modena,
Italy) of nonessential and essential amino acids (leucine infusion rate
1.25±0.02 and 1.27±0.06 ,mol * kg -' min -', in the water and ethanol
group, respectively) with 84 g of glucose and a mixed oil solution
(Lipofundin® S.; B. Braun, Melsungen, Germany). When the ig infusion
was started, 150 ml of either mineral water (Nocera Umbra SpA, Cas-
erta, Italy) or table white wine (12% vol/vol ethanol content, Rondb's
Lungarotti, graciously provided by Cantine Lungarotti srl, Torgiano,
Italy) was drunk by the volunteers. Then, 50 ml of water or wine was
given every 15 min from 265 to 420 min, for a total amount of 750 ml.
Since the meal composition of the water and ethanol studies was the
same, the two studies differed in energy content by 500 kcal, i.e., the
amount of calories provided by ethanol (71 g of ethanol per 7.1 kcal).
This variable was preferred to the isocaloric substitution of other fuels
with ethanol, because a different supply of glucose and/or lipids could
per se affect the rates of leucine kinetics (13), complicating the interpre-
tation of the results.

8 ml of blood and 2-min breath samples were collected at -15, 0,
60, 120, 180, 200, 220, 240, 300, 360, 420, 440, 460, and 480 min to
measure the plasma concentrations of glucose, insulin, isoleucine, leu-
cine, and a-ketoisocaproic acid (KIC), the plasma specific activity (SA)
of leucine and KIC, the rates of expired total CO2, total 14CO2, and of
"4CO2 SA. 8 ml of blood was withdrawn at 180, 210, 240, 420, 450,
and 480 min to measure the plasma concentrations and leucine SA of
albumin, fibrinogen, IgG, and VLDL-apo-B100. Blood samples (0.5
ml) to measure plasma ethanol concentrations were collected from 240
to 480 min, every 30 min.

Analytical methods. The plasma concentrations of glucose (Beck-
man glucose analyzer; Beckman Instruments, Palo Alto, CA), insulin
(14), ethanol (Sigma Immunochemicals, St. Louis, MO) (15), albumin
(16), fibrinogen (17), and IgG (radial immunodiffusion, Boehringer
Mannheim, Mannheim, Germany) (18) were determined as previously
described.

The plasma concentrations of isoleucine, leucine, and KIC, the leu-
cine concentration into the infused mixed meal, and the SA of leucine
and KIC were determined by high-performance liquid chromatography
(19). Precisely measured volumes of the tracer leucine infusate were
mixed with known amounts of unlabeled leucine and analyzed simulta-
neously by the same means to determine radioactivity and to calculate
the infusion rates of the tracers (20).

Expired rates of "CO2 were measured by aspirating 2-min collec-
tions of expired air through an ethanolamine solution (20). The SA of
breath 14CO2 was determined at each breath sampling time by aspirating
expired air through hyamine hydroxide (20).

The leucine SA in plasma fibrinogen and albumin was determined
as previously described (20). Plasma IgG were purified from 2 ml of
serum using protein A-Sepharose high performance affinity gel, packed
in a column C 10/10 (Pharmacia AB, Uppsala, Sweden), that specifi-
cally binds the subclasses 1, 2, and 4 of human IgG (21). Before loading
the sample, lipids were removed by hexane extraction (21), and five
column volumes of phosphate buffer 0.02 M were used for gel equilibra-
tion. After loading the sample, the column was washed with three col-
umn volumes of starting buffer, followed by two column volumes of
starting buffer plus 0.5 M NaCl to remove nonspecifically bound pro-
teins. The IgG fraction was eluted with 1.5 column volumes of 0.1 M
citric acid, pH 3.3 (22). The purity of the IgG fraction was tested by
SDS-PAGE, using standard human IgG (Sigma Immunochemicals).
Plasma VLDL-apo-B100 were purified by ultracentrifugation, as pre-
viously described (23).

The 14C radioactivity in KIC, leucine, and CO2 was determined with
a Tri-Carb 4000 series liquid scintillation system (Packard Instruments,

Downers Grove, IL) with an efficiency > 95%. Each sample corre-
sponding to the leucine peak derived from the hydrolyzed proteins was
counted for a period of 40 min to reduce the coefficient of variation to
< 3.5%.

Calculations. Rates of radiolabeled isotope administration were de-
termined multiplying the disintegrations per minute (dpm) per milliliter
of infusate by the infusion rate (ml min ). Estimates of whole body
leucine metabolism were made at near substrate and isotopic steady
state between 180-240 min (post-absorptive state) and 420-480 min
(absorptive state). The rate of total leucine appearance (Qmol kg -'
min') was calculated by dividing the infusion rate of ['4C] leucine
(dpm -kg-' -min-') by the plasma [ 14C]KIC SA (dpm/umol) (11).
During meal infusion, the rate of endogenous leucine appearance
(tsmol kg-' min'), an index of whole body proteolysis, was calcu-
lated by subtracting the ig leucine infusion rate from the rate of total
leucine appearance. This assumes that (a) the ig delivered leucine is
completely absorbed and reaches the systemic pool in the form of leucine
or KIC (24); and (b) acute ethanol administration does not affect the
enteral absorption of amino acids (7). The rate of leucine oxidation
(Omol kg-l mind) was calculated by dividing the expired rate of
14CO2 (dpm kg-' min') by the plasma [14C]KIC SA (dpm/pmol)
(11), and assuming a 70 and an 82% C02 recovery in the post-absorp-
tive and in the absorptive state (25), respectively. The rate of nonoxida-
tive leucine disposal (Amol kg-l min'), an estimate of whole body
protein synthesis, was calculated by subtracting the rate of leucine oxida-
tion from the total leucine flux. Net leucine balance (,umol kg-l'
min -') was calculated by subtracting the endogenous leucine flux from
the nonoxidative leucine disposal. The rate of leucine transmembrane
exchange (ymol * kg -l min -') between the intra- and the extracellular
compartments was calculated by dividing the leucine infusion rate by
the difference between plasma leucine and KIC SA (26).

The fractional secretory rates (FSR, percent- d -') of plasma albu-
min, fibrinogen, and IgG were calculated by dividing the increase
(slope) in the SA of leucine derived from hydrolyzed proteins
(dpm - nmol -' min -') from 180 to 240 min (post-absorptive state) and
from 420 to 480 min (absorptive state) by the mean plasma KIC SA
(dpm/nmol) over the same time periods and corrected to a daily FSR.
The assumptions for the measurement of plasma protein FSR have been
recently discussed in detail (27). Experimental evidence suggests that
plasma KIC SA closely reflects the precursor pool SA for hepatic protein
synthesis in the post-absorptive state (27). To validate the use of plasma
KIC SA also during the absorptive period and ethanol ingestion, we
determined in three subjects of both groups the SA of leucine derived
from the hydrolysis of the apolipoprotein VLDL-apo-B100. This pro-
tein was used as a noninvasive method to measure the intrahepatic
leucine SA for the following reasons: (a) apo-B 100 is almost exclu-
sively synthesized by the liver and secreted as VLDL (28); (b) the
time required to completely change the plasma protein pool is relatively
short (- 5 h) (29, 30); (c) once the whole plasma pool has been
replaced, the SA of leucine bound to the apolipoprotein reaches a plateau
value that equals the SA of its leucyl-tRNA (29, 30); and (d) after
secretion the VLDL are continuously converted to LDL (28), thus the
SA of leucine-VLDL-apo-B100 represents a sensitive monitor of the
changes in the intrahepatic SA of its tRNA (see Results and Fig. 4 for
the decline in SA occurring during meal administration). IgG FSR was
estimated using either the plasma leucine or KIC SA.

Statistics. Statistical analysis was performed by SAS/STAT soft-
ware rel. 6.08 (SAS Institute, Cary, NC). The effect of treatment on
response variables in the postabsorptive and absorptive state was ana-
lyzed using ANOVA for repeated measures (31). Data are expressed
as mean±SE. Linearity of label incorporation into plasma proteins was
tested according to the method suggested by Snedecor and Cochran
(32).

Results

Plasma concentrations of ethanol, glucose, and insulin. The
plasma ethanol concentrations were undetectable in the water
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Figure 1. Plasma ethanol, glucose, and insulin concentrations in two
groups of healthy volunteers during the post-absorptive (0-240 min)
and absorptive (240-480 min) periods. The mixed glucose-lipid-amino
acid meal was given through a nasogastric feeding tube and associated
with the ingestion of either 750 ml of table wine (12% vol/vol ethanol,
filled circles) or water (empty circles). The plasma glucose and insulin
concentrations did not differ between the two groups.

group. Plasma ethanol concentrations in the ethanol group were
undetectable at 240 min; after 30 min they increased to 8.2±1.3
mM and reached a peak of 16.5± 1.3 mM at 420 min (Fig. 1).
The plasma concentrations of glucose and insulin were in-
creased (P < 0.001) by the meal absorption and were not
different between the two groups (Fig. 1).

Plasma concentrations ofleucine, isoleucine, and KIC. Dur-
ing the post-absorptive period (0-240 min), the plasma concen-
trations of leucine, isoleucine, and KIC were not different be-
tween the water and ethanol groups. Meal administration in-
creased (P < 0.001) the plasma concentrations of leucine and
isoleucine in both groups (Fig. 2). The mean leucine and isoleu-
cine plasma concentrations were greater in the ethanol group (P
< 0.02). During meal absorption, the plasma KIC concentration
increased in the ethanol and decreased in the water group (P
< 0.01). In each study the plasma concentrations of leucine
and KIC were nearly at steady state over the last hour of the
post-absorptive (180-240 min) and absorptive (420-480 min)
periods.

Leucine kinetics. The infusion rate of radioactive leucine
was 7.40±0.42 and 7.25±0.34 - 103 dpm kg -' min -' during
the water and the ethanol studies, respectively. In each study
14CO2, [14C]KIC, and leucine SA were nearly at steady state
over the last hour of the post-absorptive (180-240 min) and
absorptive (420-480 min) periods (Fig. 2). The rate of leucine
transmembrane exchange between the intra- and extracellular
compartments was not affected by ethanol (water 6.19±0.90,
ethanol 5.62±0.50 umol kg-' min', P = NS). During the
post-absorptive period, leucine rates of appearance *(water
2.48±0.09, ethanol 2.45±0.10 Amol*kg'-min'-), oxidative
disposal (water 0.37±0.06, ethanol 0.37±0.07 ,umol kg-l'

mink), and non-oxidative disposal (water 2.11±0.09, ethanol
2.09±0.08 pmol- kg-l' min ') were not different between the
two groups (Fig. 3). Meal administration decreased (P
< 0.001) by - 30% the rate of endogenous leucine appearance
(water 1.76±0.15, ethanol 1.62±0.10 mol kg-'-min' ), in-
creased (P < 0.01) by 10% the rate of nonoxidative leucine
disappearance (water 2.33±0.16, ethanol 2.38±0.09 timol
kg-' min -') and resulted in a positive net leucine balance (wa-
ter 0.55±0.09, ethanol 0.74±0.06 ILmol * kg-' min '), without
significant differences between the water and the ethanol
groups. The rate of leucine oxidation was increased (P < 0.001)
by meal infusion in both groups; however, when compared with
water (0.67±0.08 1zmol * kg-' mink'), wine administration
blunted the increase in leucine oxidation rate (0.51±0.04
Iumol kg -' min' ) by 24% (P < 0.03).

Concentrations and FSR of plasma proteins. The plasma
concentrations of albumin, fibrinogen, and IgG were not differ-
ent between the ethanol and water group and were not affected
by meal administration (data not shown). The SA of leucine
derived from the hydrolysis of VLDL-apo-B100, determined
in three subjects of the water and of the ethanol group, reached
a plateau after 5 h, matching the plasma KIC SA used to calcu-
late the plasma protein FSR during the absorptive state
(Fig. 4).

The SA of leucine derived from hydrolyzed albumin, fi-
brinogen, and IgG increased linearly (P < 0.001) from 180 to
240 min and from 420 to 480 min (Table I and Fig. 5). A
straight line fit was adequate to describe the time course of
label incorporation for the data from each subject during both
studies. During the post-absorptive period, the estimated daily
FSRs of albumin (water 8.6±0.5, ethanol 10.2±0.8%), fibrin-
ogen (water 28.3±3.0, ethanol 26.8±1.7%), and IgG (water
4.9±0.5, ethanol 4.5±0.3%) were not significantly different
between the two groups. In the absorptive state, wine ingestion,
when compared with water, resulted in a decrease of 30% in
albumin (P < 0.001) and fibrinogen FSR (P < 0.01), whereas
it did not affect IgG FSR. Meal administration in the water
group, when compared with the previous post-absorptive period,
increased albumin FSR by 35% (11.6±1.0% -d-', P < 0.01 ),
IgG FSR by 33% (6.5±0.8% d-', P < 0.01), and did not
significantly affect fibrinogen FSR (32.6±3.8% d-', P
= 0.08). Meal administration in the wine group, when com-
pared with the previous post-absorptive period, decreased the
FSR of albumin by 23% (7.9±0.6%, P < 0.02), the FSR of
fibrinogen by 14% (23.0±1.4%, P < 0.01), and increased the
FSR of IgG by 29% (5.8±0.5%, P < 0.05). When the FSR of
IgG were calculated using plasma leucine SA as precursor pool
for protein synthesis, similar statistical results were obtained
(data not shown).

Discussion

These data indicate that, compared with water, the ingestion of
a bottle of table wine during a meal decreases the rate of leucine
oxidation and does not affect the estimates of whole body pro-
tein breakdown and synthesis and the FSR of IgG, whereas it
markedly reduces the FSR of hepatic proteins (albumin and
fibrinogen).

The suppressive effect of wine ingestion on the rate of leu-
cine oxidation is in agreement with the data of Shelmet et al.
(5). These authors originally reported that, during a combined
glucose plus ethanol infusion, ethanol was used as preferred
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fuel, decreasing protein oxidation by 39% (urinary nitrogen
excretion) and to a larger extent glucose and lipid oxidation
(indirect calorimetry). It is likely that since our volunteers were
not chronic alcoholics, most of ethanol oxidation was performed
in the liver by alcohol dehydrogenase (10). However, the de-
gree of reduction in leucine oxidation (24%) indicates that the
substrate competition for oxidation took place not only in the
liver but occurred also in extrahepatic tissues. In the liver, alco-
hol dehydrogenase converts ethanol to acetaldehyde, which is
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Figure 2. Plasma concentrations of leu-
2 cine, isoleucine, and KIC, SA of ex-

3.5 pired CO2, and plasma SA of leucine
and KIC in two groups of healthy vol-
unteers (water, empty circles; wine,

2.5 dpm/nmol filled circles) during the post-absorp-
tive (0-240 min) and absorptive (240-
480 min) periods. In the absorptive

1.5 state the plasma leucine, isoleucine, and
KIC concentrations were significantly
greater (P < 0.05) during wine inges-
tion.

subsequently oxidized to acetate (10). In contrast to acetate,
acetaldehyde, at the plasma ethanol concentrations obtained in
this study, does not reach the systemic circulation because it is
completely oxidized in the hepatocytes (5). Consequently, ace-
tate must be the primary ethanol substrate responsible in extra-
hepatic tissues for the reduced oxidation of amino acids and
other fuels (5). It should be pointed out that in both this and
the Shelmet study the suppressive effect of ethanol on protein
oxidation (39 and 24%, respectively) might have been overesti-
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Figure 4. SA of plasma leucine, KIC, and of
leucine derived from the hydrolysis of the
hepatic protein VLDL-apo-B100 in three
subjects of the water (empty circles) and of
the ethanol (filled circles) group. After start-
ing a constant infusion of [1- '4C] leucine at
0 min, the SA of leucine-VLDL-apo-B100
progressively increased to reach the plateau
after 5 h, i.e., the time required to completely
replace the pool of circulating VLDL-apo-
B100. Since under this condition the SA of
leucine-VLDL-apo-B100 equals the SA of
its leucyl-tRNA, it can be used to determine
the SA of the intrahepatic precursor pool of
protein synthesis. During the absorptive pe-
riod, the SA of plasma KIC at steady state
(420-480 min) was very close to the SA of
leucine-VLDL-apo-B100 in all subjects,
whereas the SA of plasma leucine overesti-
mated it by - 30-40%.

mated. In both studies ethanol was added, not isocalorically
substituted, to the other nutrients; therefore, it remains to be
established if the greater caloric content of the meal alone con-
tributed to the reduction of the oxidative rates.

To minimize the potential methodological errors deriving
from an inappropriate use of Waterlow's equation (27), the
rates of leucine kinetics were calculated only over the last hour
of the post-absorptive and absorptive period, i.e., when the
plasma concentrations and SA of leucine and KIC reached an
apparent steady state. Over this time period, the plasma concen-
trations of leucine and KIC were significantly higher in the
ethanol group due to a previous progressive rise which started
-1 h after the enteral infusion of the mixed meal and continued
until 420 min (Fig. 2). Theoretically, ethanol ingestion caused
the increase in plasma leucine concentration by either increasing
the rate of leucine appearance or decreasing the rates of trans-

membrane leucine transport or of intracellular leucine disposal.
The last hypothesis appears to be the most likely because: (a)
acute ethanol ingestion does not interfere with the enteral ab-
sorption of amino acids (7); (b) over the steady state period
the rate of endogenous leucine appearance was not different
between the ethanol and the water studies; (c) ethanol has no
effect on the L transport system (33, 34); (d) the rates of
leucine transmembrane exchange between the intra- and the
extracellular compartments were similar between the two
groups; and (e) over the steady state period the rate of oxidative
leucine disposal was significantly decreased by ethanol inges-
tion. Thus, it is probable that the preferential oxidation of etha-
nol and its metabolites resulted in an expansion of the intra-
and extracellular pools of leucine and other amino acids. In this
regard, it is interesting to underline the result of the increased
plasma KIC concentration during the absorptive state of the

Table I. Increase in the SA of Leucine Derived from Hydrolyzed Albumin, Fibrinogen, and Immunoglobulins (IgG), Plasma KIC SA, and
FSR of the Plasma Proteins in Two Groups of Healthy Volunteers over the Last Hour of the Post-absorptive and Absorptive Periods

Post-absorptive state

Albumin Fibrinogen Immunoglobulins

Water Ethanol Water Ethanol Water Ethanol

SA increase (10-3 dpm-nmol-' min-') 0.177±0.015 0.210±0.019 0.585±0.045 0.550±0.043 0.101±0.009 0.922±0.008
Plasma KIC SA (dpm/nmol) 2.98±0.20 2.96±0.23 2.98±0.20 2.96±0.23 2.98±0.20 2.96±0.23
FSR (%- d-) 8.6±0.5 10.2±0.8 28.3±3 26.8±1.7 4.9±0.5 4.5±0.3

Absorptive state

Albumin Fibrinogen Immunoglobulins

Water Ethanol Water Ethanol Water Ethanol

SA increase (10-3 dpm nmol-' min-') 0.199±0.016 0.139±0.010 0.559±0.063 0.402±0.036 0.111±0.009 0.102±0.008
Plasma KIC SA (dpm/nmol) 2.47±0.17 2.52±0.15 2.47±0.17 2.52±0.15 2.47±0.17 2.52±0.15
FSR (% d-') 11.6±1.0 7.9±0.6 32.6±3.8 23.0±1.4 6.5±0.8 5.8±0.5

In the post-absorptive state the plasma protein FSR were not different between the control (water) and the ethanol group. Meal plus water
administration increased (P < 0.01) albumin and IgG FSR, whereas meal plus wine administration increased (P < 0.05) only IgG FSR and decreased
(P < 0.02) below the post-absorptive values the FSR of the hepatic proteins albumin and fibrinogen.
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Figure 5. Plasma KIC SA, SA of leucine
derived from hydrolyzed albumin, fibrino-
gen, and immunoglobulins (IgG), and FSR
of the plasma proteins in two groups of
healthy volunteers (water, empty circles;
wine, filled circles) during the post-absorp-
tive (FAST, 0-240 min) and absorptive
(FED, 240-480 min) periods. In the post-
absorptive state the plasma protein FSRs
were not different between the control (wa-
ter) and the ethanol group. In the absorptive
state, wine ingestion, when compared with
water, resulted in an - 30% decrease in albu-
min (P < 0.001) and fibrinogen FSR (P
< 0.01), whereas it did not affect IgG FSR.

ethanol study in contrast with the reduced concentration of the
control study. This exquisite sensitivity of plasma KIC to the
changes in the rates of leucine oxidation can be explained by
the strategic position of KIC in the chain of intracellular leucine
catabolism, immediately preceding the irreversible oxidative re-
action.

A question that the data of this study cannot address regards
the subsequent fate of the amino acids temporarily saved by
ethanol oxidation. A previous study, also performed by giving
ethanol with meals to nonalcoholic healthy volunteers, reported
an increased urinary nitrogen excretion in the following over-
night hours (35), suggesting that these amino acids are subse-
quently lost through oxidation. However, the habitual consump-
tion of ethanol would lead to a steady expansion of the free
amino acid pool according to studies in alcoholic humans (36,
37) or chronically ethanol fed rats (38, 39), showing increased
concentrations of branched chain amino acids in plasma (36-
39) and tissues (38, 39).

The most significant result of this study regards the substan-
tial reduction in the FSR of albumin and fibrinogen observed
in the ethanol group. Theoretically, since the water and ethanol
studies differed for two variables, i.e., the ingestion of wine
and the resultant greater caloric content of the meal, the inhibi-
tory effect on the FSR of the two hepatic proteins could be due
to one or both of these variables. However, it is more reasonable
to hypothesize that a greater energy intake should increase, not
decrease, the synthesis of hepatic proteins; thus if this variable
played any role it resulted in an underestimate of the inhibitory
effect of ethanol on hepatic protein metabolism. Despite the
fact that estimates of whole body protein synthesis were not
significantly affected by ethanol, the FSR of the two most repre-
sented plasma proteins synthesized by the liver was reduced by
- 30%. Assuming that from the rates of nonoxidative leucine
disposal it is possible to accurately calculate the mean rates of
whole body protein synthesis (40, 41), this result could be
explained either by the fact that a 30% reduction in hepatic
protein synthesis might not significantly change the estimates

of whole body protein synthesis, due to the limited contribution
(- 10%) of liver to whole body protein metabolism (42), or
by the fact that ethanol impaired the secretion rather than the
synthesis of albumin and fibrinogen. Both hypotheses might be
valid if the results of previous studies performed in vitro or in
vivo in rats can be extrapolated to humans. The addition of
ethanol to various in vitro preparations, such as perfused livers
or isolated hepatocytes (for review see reference 10), inhibits
protein synthesis, whereas acute ethanol administration to rats
impairs both the synthesis (4, 43) and the secretion (43, 44)
of hepatic proteins. The mechanism(s) by which acute ethanol
administration impairs hepatic protein metabolism remains to
be established. The fact that ethanol is almost exclusively me-
tabolized by the liver (10) and that wine administration selec-
tively decreased the FSR of hepatic proteins (albumin, fibrino-
gen), not those of extrahepatic proteins (IgG, estimates of
whole body protein synthesis), indicates that the adverse effect
of ethanol on protein metabolism must be a direct consequence
of its oxidation. Ethanol oxidation might interfere with protein
synthesis and/or secretion through the production of toxic ca-
tabolite(s) and/or changes in the redox state.

The results of the control study confirm previous data (45)
demonstrating that nutrient absorption leads to protein anabo-
lism (positive rates of net leucine balance) by decreasing the
estimates of protein breakdown (by - 30%) and increasing
those of protein synthesis (by - 10%). The increase in protein
synthesis was not shared by all body proteins. Among the
plasma proteins, the FSR of albumin and IgG increased by

35%, whereas that of fibrinogen was unaffected. Experimen-
tal evidence suggests that post-prandial hyperinsulinemia may
be responsible for this differential effect (20, 46, 47). The
action of insulin on individual protein synthetic rates should be
due to a direct effect on the rates of transcription of the specific
mRNAs, as demonstrated in cultured rat hepatocytes (48).

To our knowledge, this is the first time that the intravascular
synthetic rates of human IgG were determined in vivo. The
daily FSR obtained in the post-absorptive state of 5% is
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comparable with the daily fractional catabolic rate of - 6%,
calculated using radioiodinated human IgG (49). The marked
increase in IgG FSR during meal absorption proves that strict
links exist between nutrition and the immune system. This might
explain the reduced serum IgG concentrations (50, 51) and
responses to infectious agents (52), reported in experimental
(51 ) or clinical (50, 52) protein malnutrition. The post-prandial
increase in albumin and IgG synthesis may represent an addi-
tional physiologic mechanism useful to the economy of whole
body protein. In contrast with glucose and lipids, the ingested
essential amino acids cannot be stored to be used in the post-
absorptive state and, if not incorporated into newly synthesized
proteins, are irreversibly lost through oxidation (53-56). From
the data of the present study, we can estimate that the post-
prandial increase in albumin and IgG synthesis resulted in the
net incorporation of > 2 g of amino acids, an amount equivalent
to 8% of the enterally delivered amino acids. Thus, the post-
prandial increase in the synthesis of albumin (57), IgG, and
potentially of other plasma proteins may function as a temporary
storage system for ingested amino acids, which can be later
used for local protein synthesis in all tissues where the plasma
proteins undergo degradation. This concept is in agreement with
the data reported in dogs suggesting that hepatic secreted plasma
proteins may serve as an important source of amino acids in
peripheral tissues (58, 59). In conclusion, the ingestion during
a meal of 70 g of ethanol, an amount usual for many social
drinkers, selectively impairs the hepatic protein metabolism.
The clinical history of chronic alcoholics includes the progres-
sive development of liver injury (10) and hypoalbuminemia
(60), usually attributed to protein malnutrition (9). However,
alcoholics can develop liver cirrhosis despite a daily dietary
protein intake of 100 g or more (10). The data of the present
study suggest that the repeated ingestion of 70 g or more of
ethanol during meals might: (a) directly lead to liver injury by
reducing hepatic protein synthesis and/or inducing the intracel-
lular accumulation of secretory proteins; and (b) cause the hy-
poalbuminemia observed in chronic alcoholics (60), by pre-
venting the post-prandial increase in albumin FSR. Therefore,
in the actual debate (61) on the potential benefits of alcohol on
lipid (62) and glucose (63) metabolism the effects on hepatic
protein metabolism must be considered. In this regard, dose-
response studies on the effects of ethanol on hepatic protein
metabolism are required to detect the threshold for the harmful
effect. In particular, it would be interesting to establish if the
amounts of ethanol demonstrated to decrease the risk of myocar-
dial infarction (25-40 g/d) (62) adversely affect hepatic pro-
tein metabolism similarly to the larger dose used in the present
study.
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