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occurred in all cases. Injections of botulinum toxin A might,
therefore, be extended to the treatment of other groups of
muscles affected by spasmodic dystonia.

We thank Professor W I McDonald, Professor C D Marsden, and
Professor A C Bird for referring patients and Miss Karen Betts for
secretarial help.
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Relation between consumption of alcohol and fatty acids
esterifying serum cholesterol in healthy men
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Abstract

The relation between consumption of alcohol (established
by interview), two of its typical markers (y-glutamyl-
transferase activity and mean corpuscular volume), and
the composition of fatty acids in plasma cholesterol
esters was investigated in an epidemiological study of
1467 actively employed men aged 35-45. In this group of
subjects mean consumption of alcohol was 34-6 (SD
25 2) g/day. Palmitoleic acid and oleic acid were posi-
tively correlated with consumption of alcohol, y-
glutamyltransferase activity, and mean corpuscular
volume, while linoleic acid was negatively correlated
with these variables. When these three fatty acids,
y-glutamyltransferase activity, mean corpuscular
volume, and the fat content of the diet were introduced
into a multivariate regression analysis, with consump-
tion ofalcohol as the dependent variable, only palmitoleic
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acid, y-glutamyltransferase activity, mean corpuscular
volume, and the monounsaturated fat content of the
diet remained significant.

Palmitoleic acid seems to be an independent correlate
of consumption of alcohol and could be useful in epi-
demiological and clinical studies as a variable of
consumption.

Introduction

Studies in both animals'-3 and man4-7 have shown that con-
sumption of alcohol, either acute or chronic, strongly modifies
the pattern of fatty acids in the liver and serum lipids. In
particular, a decrease in the proportion of hepatic and serum
linoleic acid has been reported repeatedly in alcoholics.4-7 No
epidemiological data have been available concerning this relation
despite its possible importance in the association between
coronary heart disease and the intake of alcohol and linoleic
acid, which has been reported in some epidemiological and
clinical studies.8 -11

This paper reports the association observed between con-
sumption of alcohol, two of its biological markers (y-glutamyl-
transferase activity and mean corpuscular volume), and the
composition of fatty acids in plasma cholesterol esters in a
group of apparently healthy men at baseline of the Paris pros-
pective study II.

Subjects and methods

The reported results concern the cross sectional data obtained at
entry into the Paris prospective study II from a subgroup of 1467
men aged 3545. This study on cardiovascular risk factors began in
1982, but follow up data were not yet available. The subjects of this
study are male employees of a large public organisation in Paris,
who undergo regular medical examinations. Each subject answered
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a series of questionnaires, including one on consumption of alcohol,
and a 24 hour dietary recall. A sample of fasting blood was obtained
and an extensive set of biological investigations performed, including
measurements of y-glutamyltransferase activity and mean corpuscular
volume, and the determination of the composition of the fatty acids
of plasma cholesterol esters.
The interviewer recorded thoroughly the types and quantities of

food and alcohol consumed during the preceding 24 hours. The
nutrients of the food consumed were estimated by a dietitian.'2 The
present analysis was concerned with the consumption of saturated,
monounsaturated, and polyunsaturated fats. If during the past
24 hours consumption of alcohol was unusual more details were

required concerning usual consumption and a special questionnaire
was completed. This study was of usual consumption of alcohol,
expressed in g/day.

Kinetic y-glutamyltransferase (Enzyme Commission 2.3.2.2)
activity was determined at 37'C and 410 nm with a reaction rate
enzyme analyser using the method of Persijn and Van Der Slik"3
with L-y-glutamyl-3-carboxy-4-nitroanilide as substrate. Mean
corpuscular volume was measured with a semiautomatic blood cell
multiple counter.

Total serum lipids were extracted by the method of Folch et al"4
and fractionated by thin layer chromatography on 0-2 mm silica gel
plates (E Merck, Darmstadt, Germany) in n-hexane, ethyl ether, and
acetic acid (80:20:1-5, vol/vol). Bands were made visible by spraying
the plate with 4'-5'-dibromofluorescein in alcohol (0 10 g/l) and
examined under ultraviolet light. The cholesterol ester fraction was

scraped off and treated according to the procedure of Tuckey and
Stevenson,'" slightly modified for saponification (20 min at 60°C)
and methylation (60 min at 45'C). Methyl esters were extracted by
n-hexane and separated with a glass capillary column (45 m x 0-25 mm
inside diameter) coated with 20M Carbowax in a gas chromatograph
(Girdel model 300) fitted with a hydrogen flame ionisation detector.
The temperature was programmed for 200-220'C, and all peaks
corresponding to fatty acids from C12:0 to C22:6 were measured
with a model Enica 10 Delsi integrator.
The results are expressed as means (SD). Standard methods were

used to compute and test correlations and multiple regression co-
efficients.

Results

The mean daily consumption of alcohol was 34-6 (25-2) g. The mean
corpuscular volume was 91-1 (4 5) fl, and the mean y-glutamyl-
transferase activity was 42 4 (52 1) U/1. The mean intake of poly-
unsaturated, monounsaturated, and saturated fats was 0-65 (0 41),
1-73 (0 61), and 1-80 (0 59) kJ (155 (99), 415 (146), and 421 (140)
calories), respectively. The ratio of polyunsaturated to saturated fats
was 0 41 (0 32).

Thirteen fatty acids were identified by the analytical method used:
the most important were palmitic (16:0), palmitoleic (16:1), stearic
(18:0), oleic (18:1), linoleic (18:2), and arachidonic (20:4) acids,
and their mean proportions were 13-0 (2 1)%, 4-1 (1-8)%, 1-5 (0 8)%,
19-9 (3-3)%, 47-5 (5.6)%, and 6-8 (1-7)%, respectively.

Palmitoleic, oleic, and linoleic acids were the only fatty acids of
plasma cholesterol esters associated with consumption of alcohol and
its biological markers; consequently, the other fatty acids were not
considered further in the analysis. Table I shows that consumption
of alcohol, y-glutamyltransferase activity, and mean corpuscular
volume were positively associated with palmitoleic and oleic acids
and negatively associated with linoleic acid; the strongest association
was with palmitoleic acid. Furthermore, consumption of poly-
unsaturated fats was negatively correlated with palmitoleic and oleic
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acids and positively correlated with linoleic acid as expected. To
illustrate these relations further table II shows the mean values of
the different variables in five classes of consumption of alcohol.
To clarify these multiple relations a stepwise regression analysis

was performed with consumption of alcohol as the dependent variable
and y-glutamyltransferase activity, mean corpuscular volume,
palmitoleic acid, oleic acid, linoleic acid, and the fat content of the
diet as independent variables. Table III shows the results: only
palmitoleic acid, y-glutamyltransferase activity, mean corpuscular
volume, and the intake of monounsaturated fats remained significant.

TABLE II-Mean values of relevant serum fatty acids of cholesterol esters,
y-glutamyltransferase activity, mean corpuscular volume, and dietary fats in
relation to consumption of alcohol

Alcohol (g/day)

0 <20 20-39 40-59 >60
(n = 56) (n = 420) (n = 407) (n = 365) (n = 219)

Palmitoleic acid (%) 3-3 3-4 4 0 4-5 5-4§
Oleic acid'(°%) 18-6 191 19-8 20-3 21-3§
Linoleic acid (%) 50 0 49.5 47-3 46-6 44-9§
y-glutamyltransferase

activity (U/1) 21-3 30 0 38-5 46-7 72-0§
Mean corpuscular volume

(fl) 88-5 89-7 90-6 92-3 93 3§
Polyunsaturated fats

(kJ/day) 0 54 0-68 0-63 0-68 0-61*
Monounsaturated fats

(kJ/day) 1-40 1-68 1-75 1-81 1-79:
Saturated fats (kJ/day) 1-43 1-73 1-78 1-81 1-77t

*NS, tp < 0-001, :p < 0-00001, §p < 0-0000001.
Conversion: SI to traditional units-Energy: 1 kJ 0-24 kcal.

TABLE III-Multiple stepwise regression analysis of consumption of alcohol
with relevant serum fatty acids of cholesterol esters, y-glutamyltransferase
activity, mean corpuscular volume, and dietary fats*

Regression
Independent variable coefficient (SD) t Value p Value

Palmitoleic acid 3-08 (0-51) 6-0 <10-8
Log y-glutamyltransferase activityt 14-7 (2-2) 6-6 <10-s
Mean corpuscular volume 0 77 (0-14) 5-2 <10-
Monounsaturated fats 0-018 (0 004) 4-2 < 10-

R2= 0-216 when all independent variables are entered. Palmitoleic acid was first
variable introduced by stepwise progression analysis. (With palmitoleic acid alone,
R2= 0-161.)
tLogarithmic transformation was applied to normalise distribution.

Discussion

In this group of subjects the mean consumption of alcohol
was high but comparable with that observed in other French
studies in similar age groups.'6 Mainly wine was consumed
(roughly 85% of total), which is generally served with each meal.
These characteristics differ from those of other developed
countries, where consumption of alcohol is lower and more
episodic and different drinks are consumed. As table II shows,
the intake of alcohol varied greatly, and large groups with
different consumptions could be compared. The information
concerning alcoholic and dietary consumptions was fairly
general, which may reduce the value of the relation observed.
The distribution of y-glutamyltransferase activity and its
relation with consumption of alcohol agree with those observed
in other studies.'3 16 The fatty acids of plasma cholesterol esters

TABLE I-Correlation coefficients between consumption of alcohol, y-glutamyltransferase activity, mean corpuscular volume, relevant serum fatty acids of cholesterol
esters, and dietary fats

Log Mean Acids
y-glutamyltransferase corpuscular Polyunsaturated Monounsaturated Saturated

activity* volume Palmitoleic Oleic Linoleic fats fats fats

Alcohol 0-352 0-296 0-397 0-241 -0-286 -0 020t 0-102 0-060
Log y-glutamyltransferase activity* 0-321 0-502 0-245 -0-312 - 0019t - 0-014t - 0-058
Mean corpuscular volume 0-407 0 234 -0-237 -0-019t 0-026t -0-033t
Palmitoleic acid 0-558 -0-675 -0-104 0-014t OOlOt
Oleic acid -0-751 -0-203 0-0371 0 034t
Linoleic acid 0-165 - 0-020t -0-049
Polyunsaturated fats 0-221 0-166
Monounsaturated fats 0-751

*Logarithmic transformation was applied to normalise distribution. tNS (r< 0-049); other correlation coefficients are significant.
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were measured as an index of lipid intake,'7 and their distribution
agreed with those recently reported.'8 19
The results emphasise the relation between consumption of

alcohol and the relative proportion of palmitoleic, oleic, and
linoleic acids in the plasma cholesterol esters of a group of
healthy middle aged men. They agree with the finding of a
higher proportion of monounsaturated fatty acids and a lower
proportion of linoleic acid in human alcoholic fatty liver.
The apparently stronger association of consumption of alcohol
with palmitoleic acid than with tle other cholesterol esters is
consistent with the observation that the proportion of this fatty
acid in adipose tissue best differentiates alcoholics from non-
alcoholics.7 The association between consumption of alcohol
and the pattern of fatty acids in cholesterol esters may reflect
the stimulation of hepatic acid biosynthesis2 3 20 or the change in
6-desaturase activity induced by alcohol2l 22 rather than a
different intake of fat in subjects drinking alcohol, as suggested
by the results of the multiple regression analysis (table III).
The implications of these observations are twofold. Firstly,

as palmitoleic acid appears to be an independent marker of
consumption of alcohol it could be used in epidemiological or
clinical studies together with other markers to compute a
composite index of consumption even though its determination
is rather tedious. Secondly, in studies in man consumption of
alcohol should always be controlled when the relations between
the fatty acids of serum cholesterol esters (and probably of
other lipid components) and biological variables or conditions
are investigated.
These results may help to improve understanding of the

relation between the intake of lipids and alcohol and coronary
heart disease, but this will depend on the effectiveness of the
prospective information from this study.

We thank the Fondation Frangaise de la Nutrition and the Haut
Comite d'Etude et d'Information sur l'Alcoolisme for their financial
support for this work.
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Abstract

Nineteen patients with chronic heart failure participated
in a double blind crossover trial of captopril and prazosin
-two drugs with differing neuroendocrine effects-to
determine whether neuroendocrine changes could ex-
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plain clinical and haemodynamic responses to treat-
ment. Patients were assessed before and after acute
and long term (four weeks') treatment with each drug
given in random order. Sixteen patients completed the
study.
During captopril haemodynamic improvement was

maintained by inhibition of the renin-angiotensin
system. Breathlessness was relieved in 15 patients and
exercise capacity increased. During prazosin a reduction
in systemic vascular resistance was maintained, but
plasma renin activity and aldosterone and noradren-
aline concentrations increased, fluid retention developed,
and clinical benefit did not occur.
These results suggest that clinical and haemodynamic

responses to long term vasodilator treatment for chronic
heart failure are related to neuroendocrine changes.
In patients with chronic heart failure inhibition of the
renin-angiotensin system results in clinical benefit,
whereas inhibition of the a adrenergic system does not.
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