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Modulation of folate uptake in cultured
human colon adenocarcinoma Caco-2 cells

by dietary compounds

Abstract Folate is a water-solu-
ble B vitamin with a crucial role in
the synthesis and methylation of
DNA and in the metabolism of
several amino acids. In the present
study we investigated whether
beverages like wine, beer and tea,
or some of their specific constitu-
ents, affect the intestinal uptake of
*H-folic acid or *H-methotrexate
(an antifolate). All tested bever-
ages significantly inhibited the
uptake of *H-folic acid by Caco-2
cells. Most of these beverages, with
the exception of wines (not
tested), also inhibited *H-metho-
trexate uptake in these cells.
Additionally, ethanol, when tested
separately, inhibited the uptake of
both compounds. Some of the
tested phenolic compounds,
namely myricetin, epigallocate-
chin gallate (EGCG) and iso-
xanthohumol, markedly inhibited
’H-folic acid uptake. Myricetin
and EGCG also had a concentra-
tion-dependent inhibitory effect
upon the uptake of *H-metho-

trexate by Caco-2 cells. Resvera-
trol, quercetin and kaempferol
were able to inhibit the transport
of both compounds, but only in
the concentration of 100 uM. In
conclusion, dietary constituents
may impact on intestinal folate
uptake, as here shown for phenolic
compounds.

Key words beverages —
Caco-2 cells - flavonoids -
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Introduction

Folate (a generic name for a family of compounds
which includes folic acid, an oxidized form, and re-
duced folates) is a water-soluble B vitamin essential
for normal cellular functions, growth and develop-
ment. It acts as a coenzyme in the synthesis of pre-

cursors of DNA and RNA and in the metabolism of
several amino acids [1]. An adequate supply of this
vitamin is therefore necessary for normal human
health. Folate deficiency is a highly prevalent vitamin
deficiency throughout the world and occurs due to a
variety of reasons, including impairment in intestinal
absorption of this vitamin [2]. There is a variety of
clinical pathologies associated with folate deficiency,
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including megaloblastic anemia [3], neural tube de-
fects [4], occlusive vascular disease [5], cancer [6],
Down’s syndrome [7] and Alzheimer’s disease [8]. As
human cells cannot synthesize folate and thus must
obtain the vitamin from dietary sources, through
intestinal absorption the intestine plays a crucial role
in regulating folate body homeostasis.

Methotrexate (MTX) is a well known antifolate
used as a chemotherapeutic agent since the early
1950s. This compound is commonly used to treat
leukaemia [9], osteosarcoma, breast cancer, and head
and neck cancer [10]. It is also used in a variety of
other pathogenic conditions, including rheumatoid
arthritis [11]. MTX is a dihydrofolate reductase
(DHFR) inhibitor, resulting in inhibition of synthesis
of dTMP and purine precursors for DNA synthesis
[10, 12]. Although MTX is usually given as an infusion
to cancer patients, in other diseases such as rheu-
matoid arthritis and in childhood leukaemia it is gi-
ven as oral maintenance therapy. MTX was found to
share the transport system for natural folates, the
reduced folate carrier (RFC), and also to be metabo-
lized to poly(y-glutamates) in mammalian cells, sim-
ilarly to natural folates.

Chronic alcohol addiction is a serious health
problem worldwide and affects at least 5% of the US
population [13]. Chronic alcohol intake is associated
with deficiency of several nutrients, including the
vitamin folate [13-15]. Approximately 60-70% of
binge drinkers are folate deficient [15]. One of the
possible causes of folate deficiency observed in
chronic alcoholism is a reduction in the absorption of
this vitamin at the intestinal level [15].

Recent studies suggest a health promoting effect of
wine, beer and tea, concerning cardiovascular disease
and certain types of cancer [16-19]. All these bever-
ages are known to have a high content of phenolic
compounds, which possess important beneficial
properties for human health, namely antiinflamma-
tory, antioxidant, antiallergic, antithrombotic and
anticarcinogenic activities [20, 21]. Recent studies
from our laboratory have shown that wine, beer and
tea modulate intestinal thiamine uptake [22].

The intestinal uptake of folate and methotrexate
has been characterized [23-25]; it has been reported
that RFC is involved in the apical uptake of folate by
Caco-2 cells and that the Multidrug Resistance Protein
and/or Organic Anion Transporter may mediate api-
cal efflux of folate [26]. Additionally, Subramanian
et al. [27] have shown that folate deficiency up-reg-
ulates folate uptake as well as RFC protein and mRNA
levels in these cells. Nonetheless, the nutritional
modulation of folate and methotrexate is largely un-
known. Therefore we determined whether the pres-
ence of some beverages largely consumed would affect
the intestinal uptake of folate and methotrexate,

possibly influencing their function as vitamin source
or therapeutic effects. Uptake studies were performed
in Caco-2 cells, an epithelial cell line derived from a
human colon adenocarcinoma, which mimic the hu-
man intestinal absorptive epithelium [28].

Materials and methods
Materials

[3",5",7,9-’H]Folic acid potassium salt (21.0 Ci/mmol)
(Amersham  Biosciences, Freiburg, Germany);
[3,5",7-’H(N)]Methotrexate disodium salt (33.5 Ci/
mmol) (Moravek Biochemicals, Inc., Brea, CA, USA);
(+)-catechin hydrate, chrysin (5,7—dihydroﬂavon),
(=)-epicatechin, EGCG (epigallocatechin 3-gallate),
genistein, HEPES (N-2-hydroxyethylpiperazine-N’-2-
ethanesulfonic acid), kaempferol, MES (2-[N-mor-
pholino]ethanesulfonic acid hydrate), myricetin
(3,3',4,5,5",7-hexahydroxyflavone), quercetin dihy-
drate (3,3',4’,5,7-pentahydroxyflavone), resveratrol,
rutin hydrate, Tris (tris-(hydroxymethyl)-amino-
methane hydrochloride (Sigma, St. Louis, MO, USA);
D-glucose, DMSO, Triton X-100 (Merck, Darmstadt,
Germany); isoxanthohumol kindly supplied by Prof.
Hans Becker (Pharmakognosie und Analytische
Phytochemie, Universitit des Saarlandes, Saarbriic-
ken, Germany); xanthohumol, kindly provided by
iBeSa (Instituto de Bebidas e Saude, Portugal).

Lager type beer (Super Bock®), stout type beer
(Super Bock Stout®) (both with an alcoholic content
of 5.6% (v/v)) and alcohol-free beer (Cheers®) were
Portuguese beers bought from the local market, as
well as green tea (L1pt0n ), black tea (Rétulo Azul®)
and orange juice (Fructis Natura®). Red and white
wines (both with an alcoholic content of 12% (v/v))
were from Douro region (Portugal). Alcohol-free red
and white wines were prepared by extracting ethanol
from the intact wines (kindly prepared and supplied
by Prof. Paula Guedes de Pinho, Escola Superior de
Biotecnologia da Universidade Catdlica, Porto, Por-
tugal).

Cell culture

The Caco-2 cell line (ATCC 37-HTB) was used be-
tween passages number 26-48. The cells were main-
tained as previously described [29, 30]. For uptake
studies, Caco-2 cells were seeded on 24-well @?lastic
cell culture clusters (1.91 cm?* ¢ 16 mm; TPP®, Tra-
sadingen, Switzerland) and the experiments were
performed 8-10 days after the initial seeding. For
24 h before the experiment, the cell medium was free
of fetal bovine serum. Each square centimeter con-
tained about 130-170 g cell protein.
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Transport studies

Transport studies were performed in Krebs-Ringer
buffer with the following composition (in mM): 123
NaCl, 4.93 KCl, 1.23 MgSO,, 0.85 CaCl,, 5 D(+)glucose,
5 glutamine, 10 HEPES and 10 MES, pH 5.5. Initially,
the growth medium was aspirated and the cells were
washed with Krebs-Ringer buffer at 37°C; then the cell
monolayers were preincubated for 60 min in Krebs-
Ringer buffer at 37°C. Uptake was initiated by the
addition of 250 pl of buffer at 37°C containing 5 nM
*H-folic acid (final specific activity 21.0 Ci/mmol) or
H-methotrexate (final specific activity 33.5 Ci/mmol).
After 3 min, incubation was stopped by placing the
cells on ice and rinsing the cells with 500 pl ice-cold
Krebs-Ringer buffer. The cells were then solubilized
with 300 pl 0.1% (v/v) Triton X-100 (in 5 mM Tris-
HCI, pH 7.4), and placed at room temperature over-
night. Radioactivity inside the cells was measured by
liquid scintillation counting.

Acute effect of drugs: drugs to be tested were
present during both the preincubation and incubation
periods. The pH of all beverages to be tested was
adjusted to 5.5.

Chronic (48h) effect of drugs: drugs to be tested were
dissolved in culture media (0.1%) in order to minimize
the solvent effect. Medium was refreshed after 24 h of
treatment. Drugs to be tested were not present during
the preincubation and incubation periods.

Tea preparation

Teas were prepared by making an infusion of a tea bag
(1.5 g—black tea; 1.3 g—green tea) in 250 ml of boil-
ing water, for 2 min (black tea) or 5 min (green tea).

Protein determination

The protein content of cell monolayers was deter-
mined as described by Bradford [31], with bovine
serum albumin as standard.

Total polyphenol content

The total polyphenol content of the beverages was
determined following the Folin-Ciocalteu method
adjusted to a microscale [32]. In an Eppendorf tube,
790 pL of distilled water, 10 uL of sample, and 50 pL
of Folin-Ciocalteu reagent were mixed. After 1 min,
150 pL of aqueous 20% (w/v) Na,CO; was added, and
the mixture was mixed and allowed to stand at room
temperature in the dark for 120 min. The absorbance
was read at 750 nm, and the total polyphenol con-
centration was calculated from a calibration curve,

using catechin as the standard. The results were
expressed as mg/l catechin equivalents.

Calculations and statistics

Arithmetic means are given with SEM and geometric
means are given with 95% confidence limits. Statisti-
cal significance of the difference between various
groups was evaluated by one-way analysis of variance
(ANOVA test) followed by the Bonferroni test. For
comparison between two groups, Student’s t-test was
used. Differences were considered to be significant
when P < 0.05.

Results
pH dependence

Both *H-folic acid and ’H-methotrexate uptake in
Caco-2 cells were highly pH dependent; the uptake of
both compounds was higher at low pH and decreased
as the pH increased (data not shown). Thus, and
considering the existence of an acid microclimate in
the luminal surface of the intestine [33], we used pH
5.5 in all the following experiments.

Effect of ethanol

Ethanol, the main alcohol present in wmes and beers,
had an acute inhibitory effect on both *H-folic acid
and *H-methotrexate uptake (Fig. 1). This effect was
concentratlon dependent and was more potent in the
case of *H-methotrexate (Fig. 1B). Ethanol, when
tested chronically (0 01, 0.05 and 0.1%), had no effect
on apical uptake of *H-folic acid (results not shown).

Effect of phenolic compounds

The acute effect of some of the phenolic compounds
known to be present in wines, beers and/or teas was
tested.

Myricetin, EGCG and isoxanthohumol had a con-
centration-dependent inhibitory effect on *H-folic
acid uptake with ICsy values (95% confidence inter-
val) of 12.5 (0.3-585.4) uM, 7.7 (2.8-20.7) uM and
35.7 (0.8-1693) pM, respectively. The effect of my-
ricetin and EGCG was also tested on *H-methotrexate
uptake and they also had a concentration-dependent
inhibitory effect with ICs, values of 10.6 (1.3-88.7) uM
and 10.1 (1.7-60.8) pM, respectively. Myricetin and
EGCG together (50 uM) inhibited the uptake of *H-
folic acid and ’H-methotrexate to 55 * 3% and
34 + 1% of control, respectively.
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Fig. 1 Effect of ethanol (n = 4-14) on *H-folic acid (A) and *H-methotrexate
(B) uptake by Caco-2 cells. Conﬂuent monolayers were preincubated for 60 min
and incubated at 37°C with 5 nM *H-folic acid or *H-methotrexate for 3 min, in
the presence or absence (control; C) of this compound. Shown are arithmetic
means + SEM. *P < 0.05 versus respective control.

Resveratrol, quercetin and kaempferol moderately
inhibited the uptake of both *H-folic acid and
’H-methotrexate (Fig. 2). When these 3 compounds
were tested together, a slightly increased inhibition of
the uptake of both compounds was observed (data not
shown).

Xanthohumol (100 pM) was able to inhibit *H-folic
acid uptake in Caco-2 cells (to 82 + 2% of control;
n = 4). At the same concentration, crysin, rutin,
genistein, epicatechin and catechin had no effect (data
not shown).

We also tested the chronic effect of myricetin
(25 uM) EGCG (25 uM) and isoxanthohumol (50 uM)
on *H-folic acid uptake in Caco-2 cells. Myricetin and
EGCG did not affect *H-folic acid uptake (data not
shown) but isoxanthohumol had an inhibitory effect
(70 = 12% of control; n = 4), albeit less potent than the
one shown in the acute studies. These results suggest
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Fig. 2 Effect of resveratrol (100 uM, R100, n = 4), quercetm (100 pM, Q100
n=4) and kaempferol (100 pM, K100, n = 4) on *H-folic acid and *H-
methotrexate uptake by Caco-2 cells. Conﬂuent monolayers were preincubated
for 60 min and incubated at 37°C with 5 nM *H-folic acid or *H-methotrexate
for 3 min, in the presence or absence (control; C) of these compounds. Shown
are arithmetic means + SEM. *P < 0.05 versus respective control.

that these phenolic compounds, when tested chroni-
cally, lose, at least in part, their ability to reduce the
apical uptake of *H-folic acid in Caco-2 cells.

Effect of beverages

All beverages were tested in two different concentra-
tions: 500 or 250 ul/ml of buffer solution.

Red and white wine, at both concentrations tested,
significantly inhibited the apical uptake of *H-folic
acid in Caco-2 cells. We compared these beverages
with two different controls, a control of water (500 or
250 pl of water per ml of buffer solution) and another
control with the same alcoholic content of the wines
(500 or 250 pl of a 12% (v/v) ethanol solution per ml
of buffer solution), and in both cases we verified a
significant inhibition of uptake. Red wine was more
potent than white wine, and the effect of white wine
seemed to be concentratlon dependent (Table 1). A
similar inhibition of *H-folic acid uptake was ob-
served with alcohol-free wines. Interestmgly enough,
ethanol 6% (v/v) alone did also decrease *H-folic acid
uptake (Table 1).

All tested beers (lager, stout and alcohol-free)
significantly inhibited *H-folic acid and *H-metho-
trexate uptake in Caco-2 cells to the same extent
(Table 2).

Green tea and black tea had a very potent inhibi-
tory effect on *H-folic acid uptake in Caco-2 cells,
which was more potent for black tea. These teas did
also inhibit the apical uptake of *H-methotrexate, but
to a lesser extent, green tea being significantly more
potent than black tea (Table 2).
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Table 1 Effect of wines on *H-folic acid uptake by Caco-2 cells

Beverages 3H-Folic acid uptake (% of control)

500 pl/ml 250 pl/ml
Control 100 + 3.4 100 + 1.6
E6% 62.7 + 3.2 -
E3% - X 921437
RW 7716 " 7605 "
ww 258+28 "+ 405+18" "+
afRW 77+ 21 6.6 £33
afWw 241+13" 7 43+61""

Confluent monolayers were preincubated for 60 min and incubated at 37°C
with 5 nM 3H-folic acid for 3 min, in the presence or absence (control) of these
wines or alcoholic solution. Shown are arithmetic means + SEM. Solution with
the same alcoholic content of the wines (E6%/E3%, n = 4), red wine (RW,
n = 4), white wine (WW, n = 4), alcohol-free red wine (afRW, n = 4) and
alcohol-free white wine (afWW, n = 4). *P < 0.05 versus respective control.
P < 0.05 versus E6%/E3%. “Significantly different from RW. * Significantly
different from afRW.

Finally, orange juice also concentration-depen-
dently inhibited the uptake of both *H-folic acid and
*H-methotrexate, to the same extent (Table 2).

Polyphenol content of beverages

The total polyphenol content of the studied beverages
was measured and is shown in Table 3. Red wines
have the higher polyphenolic content; in contrast
white wines have the lower content. High phenolic
content can also be found in tea, particularly green
tea, and in orange juice.

Discussion

Both red and white wine inhibited *H-folic acid up-
take in Caco-2 cells. Furthermore, alcohol-free wines
had almost the same effect, suggesting that other
components of these beverages must play a role in
this effect. These results support the notion that care
should be taken in drawing conclusions for alcoholic
beverages from results obtained with ethanol alone.
Wine, especially red wine, contains many biologi-
cally active compounds such as various polyphenolic
compounds, which might be responsible for the bene-
ficial effect of red wine consumption on heart disease,
cancer, and inflammatory diseases [20, 34, 35]. The
stilbene resveratrol, the flavonols quercetin, myricetin,
kaempferol and rutin, and the flavanols catechin and
epicatechin, are some of the phenolic compounds
present in wines, in concentrations ranging from 1 uM
to more than 300 pM [34]. Some of these phenolic
compounds (resveratrol, quercetin, myricetin, ka-
empferol) significantly inhibited the uptake of *H-folic
acid and *"H-methotrexate by Caco-2 cells. These results

Table 2 Effect of beers, teas and orange juice on *H-folic acid and *H-
methotrexate uptake by Caco-2 cells

3H-methotrexate uptake
(% of control)

Beverages >H-Folic acid uptake
(% of control)

500 pl/ml 250 pl/ml 500 pl/ml 250 pl/ml
Control 100 £34 100 %16 100£23 100 £30
£2.8% 77.7 + 3.1 = 898 +28 -
E1.4% = . 9%8x42 - o990 %42
LBeer 168 +09° T 290+11"T 78+09"T 263+08"T

SBeer 156 +28" T 285+15"T 1061177 186 +3.1

afBeer 212+ 1.1 352+20  128+13 310+ 21
GT 55+ 1.1° 82+12 576+27 383 +38
BT 42 +1.2 29+09°% 922+53 725+68" "
0J 215+ 04  430+82  182+10 33115

Confluent monolayers were preincubated for 60 min and incubated at 37°C
with 5 nM 3H-folic acid or *H-methotrexate for 3 min, in the presence or
absence (control) of these beverages or alcoholic solution. Shown are arithmetic
means + SEM. Solution with the same alcoholic content of the beers (E2.8%/
E1.4%, n = 4), lager beer (LBeer, n = 4), stout beer (SBeer, n = 4), alcohol-free
beer (afBeer, n = 4), green tea (GT, n = 4), black tea (BT, n = 4) and orange
juice (0J, n = 4)."P < 0.05 versus respective control. TP < 0.05 versus E2.8%/
E1.4%. *Significantly different from GT.

suggest that phenolic compounds present in wines are,
at least in part, responsible for the inhibitory effect of
these beverages upon the intestinal uptake of *H-folic
acid. This hypothesis is supported by the fact that red
wine, that has a much higher content in phenolic
compounds (Table 3), had a more potent inhibitory
effect than white wine.

All tested beers significantly inhibited *H-folic acid
and *H-methotrexate uptake in Caco-2 cells, the effect
of beer and alcohol-free beer being very similar. Again,
these results strengthen the notion that care should be
taken in drawing conclusions for alcoholic beverages
from results obtained with ethanol. Xanthohumol is a
prenylflavonoid present in the hop plant, which adds
bitterness and flavour to beer. Beer constitutes the main
dietary source of xanthohumol and other prenylflavo-
noids like isoxanthohumol [36]. These hop-derived
constituents of beer are potential cancer chemopre-
ventive agents [36-38]. Both xanthohumol and iso-
xanthohumol, which is more abundant in beer [36],
inhibited *H-folic acid uptake, suggesting that they may
be responsible for the inhibitory effect of beers on the
intestinal uptake of this vitamin. However, we have to
consider that folate is present in beer and may
also contribute to the inhibition of *H-folic acid and *H-
methotrexate uptake. Similarly, the high folate content
of orange juice [39] may be responsible for the inhibi-
tion of both *H-folic acid and *H-methotrexate uptake
in Caco-2 cells.

Green and black teas inhibited uptake of both *H-
folic acid and *H-methotrexate by Caco-2 cells, but the
latter less potently. The effect of both teas is possibly
due to different polyphenols; flavonols commonly
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Table 3 Total polyphenol content of studied beverages

Beverages Total phenolic content
(mg/l catechin equivalents)

RW 1716.7 £ 49.6

AfRW 1992.1 £ 58.0

Ww 163.0 £+ 20.5

AfWW 179.6 + 10.4

Lbeer 315.0 £ 9.2

Sheer 690.7 + 41.0

AfBeer 179.5 £ 5.1

GT 871.5 + 24.2

BT 589.2 + 20.3

0J 928.6 + 19.5

Values represent means + SEM (n = 4). The concentration is expressed as mg/I
catechin equivalents.

known as catechins (e.g. epicatechin, epicatechin gal-
late, epigallocatechin, EGCG) predominate in green tea,
usually accounting for 30-42% of the dry weight.
However, black tea manufacture involves fermentation,
leading to the conversion of catechins to theaflavins
and thearubigins, the major polyphenols found in black
tea [17, 19]. The effect of green tea might be explained
by its high content of EGCG [17], which was one of the
most potent inhibitors on the uptake of both *H-folic
acid and *H-methotrexate. Other phenolic compounds
like myricetin, quercetin and kaempferol can also be
found in teas [19] and may also contribute to inhibition
of >H-folic acid and *H-methotrexate uptake.

Ethanol inhibited, in a concentration-dependent
way, uptake of both compounds by Caco-2 cells.
However, *H-folic acid inhibition was observed only
with the highest concentrations of ethanol (7.5 and
10% [v/v]). In a recent study [40] we reported that
acute exposure of rat jejunum to ethanol (0.05 or 2.4%
[v/v]) did not change the jejunal permeability to *H-
folic acid. This is in agreement with the present study,
despite the fact that different models were used (hu-
man Caco-2 cells versus rat jejunum). Furthermore,
chronic (48 h) treatment of Caco-2 cells with ethanol
had no effect on intestinal uptake of *H-folic acid; this
result is also in accordance with our previous study
[40] where chronic ethanol consumption by the rats
did not change jejunal permeability to *H-folic acid.

Although ethanol alone doesn’t seem to cause a
great inhibition of *H-folic acid uptake in the intes-
tine, it is shown in this study that many beverages,
including alcoholic beverages, can significantly reduce
the intestinal uptake of this vitamin. These results
suggest that, in human alcoholism, folate deficiency
can result from a decrease in its intestinal absorption.

Myricetin, epigallocatechin gallate and iso-
xanthohumol were potent inhibitors of *H-folic acid
uptake in the acute studies; however, when tested
chronically (48h) myricetin and epigallocatechin gal-
late lost their inhibitory effect and isoxanthohumol

showed a much less potent effect. Folate depletion in
Caco-2 cells induces an increased expression of RFC
[27]. A similar process may occur in our case, where
folate depletion caused by acute exposure to phenolic
compounds may lead to an increased expression of
folate transporter(s) that could compensate, in
chronic treatments, the effect of phenolic compounds.

Previous studies from our group have shown that
the tested beverages and phenolic compounds don’t
affect the viability of Caco-2 cells [29, 30]. Thus, we
can conclude that the modulation of *H-folic acid and
’H-methotrexate uptake reported in this study is
independent of any cytotoxic effect.

In this study, “H-folic acid and *H-methotrexate
uptake in Caco-2 cells were similarly modulated by
most of the beverages and phenolic compounds,
suggesting that these compounds share the same
transport system in these cells. Methotrexate and
natural reduced folates are substrates of RFC [41, 42];
however it is not clear whether RFC is the major
transporter involved in the intestinal transport of
folates. Although many studies suggest a role for RFC
in the transport of folates in intestinal cells [26, 27,
43-45], there are significant differences between the
intestinal transport of these compounds and the RFC-
mediated transport in other cells. One of those dif-
ferences concerns optimum pH activity; RFC-medi-
ated transport in leukaemia cells has an optimum pH
of 7.5 [46]. However, the intestinal transport of folates
shows a quite low optimum pH (around 5.0-5.5) [23,
24], as was also shown in our study. This indicates
that a low pH folate transporter independent of RFC
might be responsible for the intestinal transport of
folates and methotrexate [42]. Folic acid is a poor
substrate for RFC at pH 7.4, underlying the presence
of a separate transporter. Further studies must take
place to address this question.

In conclusion, our results suggest that the effect of
all tested beverages, significantly decreasing folic acid
and methotrexate uptake, can be justified, at least in
part, by the effect of their phenolic compounds.
Dietary habits, especially those related to the con-
sumption of the tested beverages or phenolic com-
g)ounds, can modulate the intestinal uptake of both
H-folic acid and *H-methotrexate. The latter may
reduce the therapeutic efficacy of methotrexate in
patients taking it by the oral route. Furthermore, we
conclude that care should be taken in drawing con-
clusions on alcoholic beverages from results obtained
with ethanol alone.
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