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Abstract—Chronic ethanol use can lead to folic acid deficiency in humans. In rats, acute doses of
ethanol produce a marked increase in the urinary excretion of folate which is followed by a decrease
in plasma folate levels. To assess the respective roles of ethanol and its metabolism in these effects, five
groups of male Sprague-Dawley rats were treated orally as follows: (1) ethanol in four doses of 1 g/kg
each at 0, 1, 2 and 3 hr; (2) ethanol as above plus the alcohol dehydrogenase inhibitor 4-methylpyrazole
(4-MP) at 50 mg/kg, i.p., 15 min prior to 0 hr; (3) glucose in four isocaloric doses; (4) glucose plus 4-
MP as above; and (5) methanol in four doses of 1 g/kg. Total folate levels in the urine peaked in both
ethanol- and methanol-treated rats at the same time as the urine alcohol levels (after 6-8 hr) and then
declined over the same time course as the alcohol levels. Concurrent administration of 4-MP inhibited
the metabolism of ethanol and maintained the increase in urinary folate excretion throughout 24 hr.
Ethanol administration produced minor changes in the relative distribution of folate derivatives in the
urine, and these changes were not prevented by 4-MP treatment. The urinary levels of formic acid,
which is metabolized by folate-dependent processes, were increased by ethanol administration; this
increase was prevented by 4-MP. These results suggest that ethanol is not unique among alcohols in
increasing urinary folate excretion and that ethanol metabolism plays no role in the increased urinary
folate excretion. However, ethanol metabolism contributes to a second effect of ethanol on the folate
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system, which leads to increased urinary levels of formic acid.

Chronic abuse of ethanol can lead to the develop-
ment of folic acid deficiency [1, 2], as a result of a
poor diet and also from an ethanol-mediated deple-
tion of folate stores [3]. Ethanol administration to
human subjects produces a 50% decrease in serum
folate levels within 16 hr [4]. Recent investigation
in our laboratoryt has shown that treatment of rats
with a single oral dose of ethanol produces a similar
decrease in the plasma folate levels. This decrease
is preceded by a marked increase in the urinary
excretion of folate, in an amount that could account
for the decrease in the plasma folate level.

The metabolism of ethanol to acetate generates
a large amount of reducing equivalents and increases
the ratio of NADH to NAD in the liver [5]. This
ratio can be assessed indirectly by measuring the
ratio of metabolites, such as lactate to pyruvate,
whose levels are related to the NADH/NAD ratio
[6]. The development of many of the metabolic
effects produced by ethanol, including fatty liver and
hypoglycemia, is assumed to result from the increase
in the NADH/NAD (or lactate/pyruvate) ratio [5].
Salaspuro et al. [7] have shown that administration
of 4-methylpyrazole (4-MP), a powerful and specific
inhibitor of alcohol dehydrogenase activity [8-10],
suppresses the development of hypoglycemia and
the increase in the lactate/pyruvate ratio [11] pro-
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duced in humans by ingestion of ethanol. Similarly,
Blomstrand and Forsell [12] have used 4-MP to block
ethanol metabolism in rats and to prevent the
ethanol-induced increase in hepatic triglyceride
levels.

Generation of the active coenzymatic forms of
folate involves many enzymatic activities at which
pyridine nucleotides act as coenzymes. Among these
enzymes are dihydrofolate reductase and 5,10-
methylenetetrahydrofolate reductase, which can be
considered key steps in the interconversion of folate
derivatives [13]. Alteration in the levels of NAD or
NADH such as those produced during the metab-
olism of ethanol might affect these enzymatic activi-
ties in such a way that the overall distribution and,
hence, excretion of folate derivatives are changed.

The present study was designed to assess the role
of ethanol metabolism in the interaction of ethanol
with the folate system in the rat. Administration of
4-MP was used to inhibit the metabolism of alcohol
in vivo [14, 15] and thus to diminish the changes in
the NADH/NAD ratio. The total urinary excretion
of folates as well as the urinary levels of the individual
folates were determined after ethanol administration
with and without 4-MP. The urinary level of formic
acid, whose metabolism is related to the status of
the folate system [16], was determined after ethanol
administration with and without 4-MP. The results
suggest that ethanol metabolism has no role in pro-
ducing the increased urinary excretion of folate but
that the increased urinary excretion of formic acid
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after ethanol administration results partly from
ethanol metabolism.

MATERIALS AND METHODS

Materials. PteGlu,* 5-HCO-H.PteGlu (calcium
salt), HyPteGlu, and 5-CHs;-HiPteGlu were pur-
chased from the Sigma Chemical Co., St. Louis,
MO. 10-HCO-H/PteGlu was synthesized in the
manner of Rabinowitz {17]. Standard solutions of
these folates were prepared as previously described
[18]. TBAP and Sep-pak C;s cartridges were
obtained from Waters Associates, Inc., Milford,
MA. Lactobacillus casei (7469) was acquired from
the American Type Culture Collection. Folic acid
casei media (0822) and Lactobacilli broth AOAC
(0901) were obtained from Difco Laboratories, Inc.,
Detroit, MI. 4-MP was purchased from the
Calbiochem-Behring Corp., La Jolla, CA. All other
reagents employed in these investigations were of
the highest available purity. Twenty-five male
Sprague~Dawley rats were obtained from Dominion
Laboratories, Dublin, VA.

Metabolic studies. rats were fasted overnight and
then assigned to one of the five groups which received
the following treatments at 9:00 a.m.:

(1) Ethanol, by gastric intubation as a 20% (w/v)
solution, in four doses of 1g/kg of body weight
each at 0,1,2, and 3 hr (ethanol group, N=17,
body weight 248 = 14 g).

(2) Glucose, by gastric intubation, in amounts equi-
caloric and equivolumetric to the ethanol solution
administered to group 1at 0, 1, 2, and 3 hr (control
group, N =5, 228 = 28 g).

(3) Methanol, by gastric intubation as a 20% (w/v)
solution, in four doses of 1g/kg of body weight
eachat0, 1, 2, and 3 hr; the solution also contained
glucose so that the final mixture was equicaloric
to the ethanol solution administered to group 1
{methanol group, N = 5, 246 + 21 g).

(4) Glucose, administered as for group 2, plus 4-MP
in a dose of 50 mg (0.61 mmole)/kg of body weight
injected i.p. 15min prior to Ohr (4-MP group,
N=4,235x17g).

(5) Ethanol, administered as for group 1, plus 4-MP
as for group 4 (ethanol + 4-MP group, N =4,
235 £21g).

All twenty-five rats were not treated on the same
day. However, treatments were balanced so that a
similar number of rats from each treatment group
were treated during each experimental run. Rats
were randomly chosen within each run. This was
done in order to maintain similar body weight ranges
for each group (the mean weights + S.E.M. are
provided above). Rats were tested naively. Rats
were placed in glass metabolic chambers (A. A.
Pesce Co., Kennett Square, PA) in rooms main-

* Abbreviations: PteGlu, folic acid; 5-HCO-H,PteGlu,
5-formyltetrahydrofolic acid; HiPteGlu, tetrahydrofolic
acid; 5-CHy-H,PteGlu, S-methyltetrahydrofolic acid: 10-
HCO-H,PteGlu, 10-formyltetrahydrofolic acid; HPLC,
high-pressure liquid chromatography; 4-MP, 4-methylpyr-
azole: and TBAP, tetrabutylammonium phosphate.
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tained at 24°; during the experiment they received
no food but had free access to water. Urine was
collected during the intervals 0-2, 2-4, 4-6, 6-8,
812, 12-16, and 16~24 hr into tubes which contained
0.1m! of 2-mercaptoethanol and which were kept
at 4°C during the interval. After collection, the urine
volume was measured; for those samples with vol-
umes greater than 2 ml, 0.1 ml of 2-mercaptoethanol
was added for each additional 2 ml of urine. All
samples were then kept frozen before analysis.

Assays. Urine levels of ethanol and methanol were
determined by gas chromatography with isopropanol
as the internal standard [19]. Urine levels of folates
were determined by microbiological analysis using
the L. casei method of Bird et al. [20], with slight
modification [18]. The total folate levels in the urine
were measured without prior incubation with poly-
glutamate hydrolase because the urinary folates are
in the monoglutamate forms (as observed by us in
preliminary studies and by Shin et al. [21]). Urine
levels of formic acid were determined using a coupled
enzymatic fluorometric assay of high specificity and
sensitivity [22], with the recently described modifi-
cations [23].

HPLC analysis of urinary folates. The levels of
individual folate derivatives were determined in ali-
quots of urine using HPLC techniques previously
described [18], except for the following modifi-
cations. The urine was initially prepared for injec-
tion onto the HPLC by elution from Sep-pak car-
tridges in the following manner: successive washing
with 2 ml of methanol, 5 ml of water, 5 ml of water
containing 5 mM TBAP, aliquot of urine sample
(usuaily 2.0ml), Sml of water with SmM TBAP,
0.5ml of 50% methanol-water with 5mM TBAP,
and 2.0ml of 50% methanol-water with
5mM TBAP. 2-Mercaptoethanol (0.2 mi) was added
immediately to the final folate-containing fraction,
which was then diluted 1 vol. to 2 to obtain a 25%
methanol-water mixture and frozen at —70°. The
sample was lyophilized and then reconstituted with
250 ul of 1.5 M 2-mercaptoethanol prior to injection.
For reverse phase chromatography, a 4-mm X 30-
cm Varian Micropak MCH-10 column (10 um) was
used. An elution gradient at ambient temperature
was started at zero time with a solvent system of
25% wmethanol-water containing S mM TBAP and
increased at a rate of 1%/min up to 31%
methanol~water containing SmM TBAP, at a flow
rate of 2ml/min. This system permitted complete
separation of 5-CH,-H,PteGlu, which had not been
possible using previous techniques [18]. Subse-
quently, fractions collected from the HPLC elution
were analyzed for quantity of each folate readily by
L. casei microbiological assay. The levels of 10-
HCO-H.PteGlu, 5-HCO-HsPteGlu, and 5-CH-
H.PteGlu were determined using 5-HCO-HPteGlu
as the standard folate in the L. casei assay. Although
it was expected that the growth of L. casei from
H.PteGlu would be the same as that from 5-HCO-
H,PteGlu [20], preliminary observations showed that
L. casei was significantly less responsive to
H,PteGlu. Thus, the level of H,PteGlu in the eluted
fractions was determined using HsPteGlu as the stan-
dard folate in the L. casei assay.

Statistical evaluation. Significance levels for
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Fig. 1. Urine levels of ethanol and methanol in the rat.

Ethanol (O—0), ethanol plus 4-MP (O- - -O), and meth-

anol (A---A), were administered to distinct groups of

rats as described under Materials and Methods. Each point

represents the mean * S.E.M. Key: (*) indicates a sig-

nificant difference from the value for ethanol-treated rats
(P <0.05).

statistically different values were determined using
Student’s t-test [24], with P < 0.05 as the level of
significance. Values for the ethanol, methanol, and
4-MP groups were compared to those for the control
group. Values for the ethanol + 4-MP group were

* K. E. McMartin, paper submitted for publication.
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compared to those for the 4-MP group. No other
comparisons were performed.

RESULTS

In our previous study®, a single oral dose of
ethanol (4 g’/kg body weight) produced a marked
increase in the urinary excretion of folates in rats.
In the present investigation, a slightly different regi-
men of treatment was used to more closely parallel
the human pattern of alcohol ingestion. The data in
Fig. 1 show that, following the oral administration
of ethanol in four doses of 1 g per kg body weight
per hr, the urine level of ethanol peaked at
260 mg/dl at 6 hr after the initial dose. Thereafter,
the urine ethanol levels disappeared in a pseudoli-
near fashion [25], so that after 24 hr the ethanol level
was less than 4 mg/dl in the urine. The administration
of 4-MP, in a dose of 50 mg/kg body weight, mark-
edly inhibited the metabolism of ethanol. Treatment
with 4-MP increased the peak urinary ethanol level
to 350 mg/dl, delayed the peak to 12hr after the
initial dose, and maintained the urine level of ethanol
above 250 mg/dl throughout the experiment (see Fig.
1). The urine levels of methanol, which was admin-
istered in the same manner as ethanol, also peaked
at 6hr, with levels generally remaining above
280 mg/dl through 24 hr. The slower elimination of
methanol in these rats was consistent with the slower
rate of metabolism of methanol compared to ethanol
[26]. Because of the distribution in total body water
of the alcohols, the levels of ethanol and methanol
in the urine are generally reflective of the levels in
the blood [27].

Effect of alcohols on urine folate excretion. The
administration of ethanol in the present study pro-

x-=-x Control
+—s Methanol

Hours

Hours

Fig. 2. Effects of ethanol, methanol, and 4-MP on the levels of folate in rat urine. Ethanol (0—0),

glucose (X——x) ethano! plus 4-MP (O-:--O), glucose + 4-MP (X—.—.-

X) and methanol

(A-~-A) were administered to distinct groups of rats as described under Materials and Methods.
Each point represents the mean *+ S.E.M. (*) Indicates a significant difference from the corresponding
control value (P < 0.05).
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Fig. 3. Effects of ethanol, methanol, and 4-MP on the excretion of individual folate forms in rat urine.
Urine samples for the 0-2, 2-4, 4-6, and 6-8 hr periods were combined to produce a (-8 hr sample.
These samples from three rats in each treatment group were analyzed by HPLC for folate content as
described in Materials and Methods. A 200-ul aliquot of the reconstituted, lyophilized extract was
injected; folate levels were determined in each collected fraction by L. casei assay. The amount of
folate in each fraction was expressed as the percentage of total pmoles (pmoles in fraction X 100/total
pmoles in all fractions). Each value represents the sum of the folate amount in the collected fractions
of the separated folate peaks from the chromatogram. From left to right for each folate form, the bars
represent the values for the control, ethanol, 4-MP, ethanol plus 4-MP, and methanol groups. Each
bar represents the mean = S.E.M. Key: (*) Indicates a significant difference from the corresponding
control value (P < 0.05). Note the difference in scale for the 5-CH;-H PteGlu values compared to that
for the other folates.

duced a 5-fold increase in the concentration of folate
in the urine (Fig. 2). After reaching the peak level
at 8 hr, the urinary folate levels declined to control
levels over the same time course as the levels of
ethano! decreased to zero. The administration of
4-MP with ethanol did not block the ethanol-induced
increase in urinary folate levels. In fact, the time
required to reach the peak folate level was delayed
by 4-MP to 12hr, and the levels remained above
those in both control and ethanol-treated rats
through the remainder of the experiment. 4-MP
treatment alone did not alter the urinary levels of
folate. The data on the right panel of Fig. 2 show
that the administration of methanol to rats also pro-
duced an increase in the urinary levels of folate.
After reaching the peak level at 8 hr, the decline in
folate levels in methanol-treated rats was signifi-
cantly slower than that after ethanol (excretion rate
constant, k., 0.087 £0.016 vs 0.129+0.010 in
ethanol-treated rats).

The effects of ethanol and its metabolism on the
urinary levels of folate were corroborated by cal-
culating the total urinary folate excretion (concen-
tration X volume). Thus, during the period 0-8 hr,
ethanol treatment produced a significant 5-fold
increase in the total excretion of folate (3.23 =
0.69 umoles vs 0.71 % 0.12 ymole in controls) but
no significant increases were observed during the
8-24 hr periods. Concomitant administration of
4-MP did not block the ethanol-induced increase in
folate excretion at 0-8hr (4.16 = 1.22 umoles vs
0.92 = 0.23 ymole in the 4-MP group). Furthermore,
the significant increase in excretion of folate by the

combination of ethanol and 4-MP was maintained
at 8-16 hr (2.92 = 0.57 umoles vs 0.73 £ 0.29 umole
in the 4-MP group) and at 16-24hr (1.39 =
0.34 ymoles vs 0.37 = 0.05 umole). Following meth-
anol administration, the total folate excretion was
also increased during the 8-16hr period (2.34 =
0.33 umoles vs 0.58 = 0.10in controls) but not during
the 16-24 hr period.

Effect of alcohols on distribution of folates in the
urine. To see if the excretion of any of the folate
derivatives was selectively altered by the adminis-
tration of ethanol, the urine from treated rats was
analyzed by our HPLC methodology [18], which
allows direct determination of the levels of individual
folate forms in tissues. Because the total amount of
folate in the urine from alcohol-treated rats was
much greater than that from control rats (as noted
above) and because the injection volume was the
same in all groups, the amount of folate injected
onto the HPLC was also greater in the alcohol-
treated groups. Thus, the normalized data in Fig. 3
represent the amount of folate in each eluted fraction
as a percentage of total folate. Only data from the
0~-8 hr period are presented since this was the period
during which the treatment had the greatest effect
on total urinary folate excretion. The predominate
form of folate in the urine from all groups of rats
was 5-CHa-HiPteGlu (60-90% of all the folates),
with  small amounts of 10-HCO-H,PteGlu,
H,PteGlu, and 5-HCO-H,PteGlu. In the ethanol and
ethanol + 4-MP (but not in the other) groups, there
was a small amount (less than 5% of the total) of
an unknown compound, which eluted just before
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Fig. 4. Etftects of ethanol and 4-MP on the levels of formic
acid in rat urine. Ethanol (0—0O) glucose (X---X)
ethanol plus 4-MP (O---O) and glucose + 4-MP
(x-+~-- %) were administered to distinct groups of rats
as described under Materials and Methods. Each point
represents the mean + S.E.M. Key: (*) Indicates a sig-
nificant difference from the corresponding control value
(P < 0.05).

5-HCO-H,PteGlu. This compound was not one of
the five folate standards used in this study. It also
did not elute at the retention volume of 10-formyl
folic acid, dihydrofolic acid, or $5,10-methylene-
H.PteGlu; it did support the growth of L. casei, so
that it was probably a folate compound or a
closely-related derivative.

Ethanol treatment produced a decrease in the
relative amount of 10-HCO-H,PteGlu excreted in
the urine, and this effect was not blocked by 4-MP
treatment. The relative amount of H,PteGlu was
depressed significantly by ethanol + 4-MP treatment
(ethanol alone may have depressed HsPteGlu excre-
tion but this was not statistically significant). Since
these folates represented only a small fraction of the
urinary folate and since the total excretion of folates
was increased greatly in the ethanol-treated groups,
the decreases in relative excretion of 10-HCO-
H,PteGlu and of HiPteGlu did not necessarily reflect
decreases in absolute excretion. For example, 22.3%
of the total folates in controls was HsPteGlu, which
would be equal to 0.16 umole of Hi,PteGlu; in
ethanol-treated rats, 10.1% of the total folate would
be 0.33 umole of H,PteGlu. The relative excretion
of 5-CH;s-H PteGlu, which was 60-90% of the total
urinary folate, was not altered by ethanol treatment.
Methanol administration slightly increased the per-
centage of total folate excreted as 5-CHs-H4PteGlu.
Thus, the major effect of alcohol treatment was to
increase the total excretion of folate derivatives, with
little effect on the distribution of folate derivatives
in the urine.

Effect of ethanol on formate excretion in the urine.
Formic acid is metabolized to CO- by folate-depen-
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dent enzymes. When folic acid deficiency is induced
by chronic administration of a low folate diet, the
rate of metabolism of formate is reduced [16] and
formate excretion in the urine is increased [28]. To
test whether ethanol could interact with the folate
system and produce a functional folate deficiency,
the urinary excretion of formic acid was measured
as an indication of the status of the folate system in
the rat in vivo. The data in Fig. 4 show that ethanol
administration produce a 3-fold increase in the levels
of formic acid in the urine, with the peak level at
8 hr. The concurrent administration of 4-MP blocked
this ethanol-induced increase, and 4-MP by itself
had no effect on the urinary level of formate.

The total excretion of formate in the urine (con-
centration X time) was increased in the ethanol
group during the 0-8 hr period (56.3 * 8.3 umoles
vs 33.3 3.7 umoles in controls) as would be
expected from the increased concentration observed
in Fig. 4. In the same period, the total urinary
formate excretion was also increased in the ethanol
+ 4-MP group. The data in Table 1 show that there
was an increase in urine volume in the ethanol +
4-MP-treated rats in the 0—4 hr period, as would be
expected from the diuretic effects of ethanol. The
increased urinary excretion of formate in this group
at this time was therefore a result of the volume
increase; the formate concentration in the urine was
not increased at any time. There was also an increase

Table 1. Role of diuresis in ethanol-induced increase in
total formate excretion*

Total
Time Concentration Volume excretion
(hr) (mmoles/1) (ml) (umoles)
Control
0-2 6.21 = 0.64 1.6+0.4 9.9+2.0
2-4 6.31 = 0.61 1.8+04 104+19
4-6 5.46 = 0.51 1.3+0.3 7.6x1.4
6-8 6.99 = 1.46 0.9+0.2 5.4+ 0.6
Ethanol
0-2 5.26 = 0.51 4,0 0.8+ 19.5 + 3.6+
2-4 5.66 = 0.58 2805 16.6 + 3.4
46 7.84 = 0.80% 1.4+0.1 10.3+0.9
6-8 17.15 £ 1.66% 0.820.2 13.9 £ 4.0+
4-MP
0-2 4.94 +0.74 1.5+0.1 7.4+1.2
2-4 5.28 +1.06 1.9+0.3 9.8+ 1.9
4-6 7.32+0.72 0.8+0.2 6.0x1.7
6-8 6.03 = 0.83 0.8x04 53%£2.0
Ethanol + 4-MP

0-2 6.17 £ 0.98 2.8+ 0.4t 17.0 = 3.8%
2-4 5.89 = 0.66 3.8+0.3% 21.9 +2.1%
4-6 6.62 = 1.83 0.6 0.1 3.6+1.0
6-8 8.24 £ 0.45 1.2+0.2 9.3+1.8

* Formate concentration values were obtained from data
plotted in Fig. 4. The total formate excretion was computed
from the concentration and the urinary volume. Values
represent the mean = S.E.M.

+ Indicates a significant difference from the control value
(P <0.05).

1 Indicates a significant difference from the 4-MP value
(P <0.05).
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in urine volume in the ethanol-treated rats in the
0-2 hr period, and this would help to augment the
ethanol-induced increase in formate excretion. No
changes in urine volume or in total urinary formate
excretion were noted at other time periods nor with
4-MP treatment alone.

DISCUSSION

In the present study, ethanol was administered
orally to rats in four equal doses over a 3-hr period.
Also, in this study control rats were given glucose
in order to control for the amount of calories that
the ethanol-treated rats were receiving from the
ethanol (rats received no food during the experiment
to equalize the folate intake in all groups). In a
previous study®, an amount of ethanol equal to that
of the present study was given to rats in a single
dose, and water was given to controls. The method
of administration in the present study was altered
to more closely resemble the way humans consume
ethanol. In spite of these methodologic differences,
the net result was the same. Ethanol administration
produced a marked increase in the urinary excretion
of folates within 8 hr no matter by which method it
was given.

The increase in urinary folate excretion produced
by ethanol did not result from ethanol metabolism
since 4-MP administration did not block the increase.
4-MP is capable of producing an 80-90% inhibition
in the rate of ethanol metabolism in vive [29], and
this is sufficient to reverse some metabolic changes
produced by ethanol metabolism {7, 11, 12, 30]. The
dose used, 50 mg/kg of body weight, is sufficient to
inhibit markedly alcohol dehydrogenase activity in
vivo [31]. The data, showing that the urine levels of
ethanol in rats treated with 4-MP remained higher
throughout the experiment than in rats treated only
with ethanol, confirm that ethanol metabolism was
inhibited markedly.

The increase in urinary excretion of folates by rats
treated with ethanol and 4-MP was of longer duration
than that by rats treated with ethanol alone. This
larger increase resulted from the increased magni-
tude and duration of urinary levels of ethanol in the
body, which resulted from the inhibition of metab-
olism by 4-MP. The change in urinary folate con-
centrations paralleled the change in urinary ethanol
levels (see Figs. 1 and 2) in both ethanol and ethanol
+ 4-MP groups, so that the increase in folate levels
appears to have been related to the urine and, thus,
blood levels of ethanol. This relationship would be
expected from the observation that ethano! itself,
rather than its metabolism, produced the increase
in urinary folate excretion.

That methanol administration also produced an
increase in urinary folate excretion is interesting for
two reasons. First, it indicates that the effect of
ethanol is not unique among the alcohols. Methanol
also appeared to act directly and not through its
metabolism since the effects on folate corresponded
to the changes in urine methanol levels. Methanol
is metabolized more slowly than is ethanol [26], so
urine levels of methanol and of folate decreased

* K. E. McMartin, paper submitted for publication.

K. E. McMARTIN and T. D. COLLINS

more slowly after the peak levels than the corre-
sponding levels in ethanol-treated rats. Second, the
increased urinary folate excretion after methanol
seems paradoxical, since formic acid, a metabolite
of methanol, is metabolied by the folate system [16].
Formic acid is the metabolite primarily responsible
for the toxicity due to methanol in primates [31-34].
When there is increased loss of folate from the body,
there would be less folate cofactor available for the
elimination of formate from the body; with a
decreased ability to eliminate formate there would
be a greater potential for toxicity. In the rat, the
increased folate excretion after methanol treatment
may not be significant since the rat must be greatly
deficient in folate to be sensitive to methanol [35].
In the human who is naturally susceptible to meth-
anol poisoning, any decrease in folate levels and,
hence, in the ability to eliminate formate would
exacerbate this susceptibility [34].

The increased urinary excretion of formate
observed in the ethanol-treated rats did not result
from a decreased metabolism of formate due to
increased loss of the folate cofactor that is necessary
for formate metabolism [16]. The increase in urinary
formate level due to ethanol was not observed in
ethanol + 4-MP-treated rats, whereas an increase
in urinary loss of folate cofactor occurred in this
group of rats. The increase in urinary formate levels
could have resulted from decreased formate oxida-
tion, increased endogenous formate production, or
some effect on the excretion process. Formate is
produced endogenously from the metabolism of such
substrates as glycine, serine, and methionine [36].
The generation of formate from glycine and serine
occurs via folate-dependent processes [37], whereas
that from methionine and other methyl groups does
not necessarily occur via folate pathways [28].
Metabolism of formate to CO; occurs via folate
pathways [16,38,39]. In dietary-induced folate-
deficient states, there is a decreased metabolism of
formate which produces an increased urinary excre-
tion of formate [28,40]. The increased urinary
excretion of formate produced by acute ethanol
administration could possibly have resulted from an
effect of ethanol on a folate-dependent process lead-
ing to a decreased formate metabolism. As an
example, ethanol could inhibit 10-HCO-H,PteGlu
synthetase activity, as has been reported in studies
in vitro [41]. These resuits suggest that ethanol may
interact with the folate system in two independent
ways: (1) by an increase in the urinary excretion of
folate cofactors which does not result from the
metabolism of ethanol, and (2} by an increased uri-
nary excretion of formate which could result from
a decrease in metabolism via folate-dependent pro-
cesses. The increased urinary excretion of formate
produced by ethanol results from the metabolism of
ethanol, because it is blocked by 4-MP
administration.

The mechanisms by which ethanol produces the
increased urinary excretion of folates are unknown.
At the present time, the mechanism of the excretion
of folate by the kidney is not fully defined. Fleming
[42] has suggested that folate is actively reabsorbed.
Selhub and Rosenberg [43] have isolated a folate
binding protein from the brush border membrane
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of the kidney, which they suggest has a role in folate
transport. Ethanol could increase the excretion of
folate by inhibiting the activity of such a transport
protein. The current data show that ethanol itself,
and not its metabolism, produced the increased fol-
ate excretion. This suggests that ethanol could affect
the kidney to promote excretion of folate rather than
the liver (where the storage and interconversion of
folate derivatives are controlled through pyridine
nucleotide-dependent mechanisms).

The derivation of the small changes in the relative
distribution of folate compounds in the urine is
unknown. Such changes were not prevented by the
administration of 4-MP, which is consistent with the
observation that 4-MP did not block the ethanol-
induced increase in urinary folate levels. The primary
folate reaching the kidney by transport through the
plasma is 5-CH»-HPteGlu [13]. The decreased levels
of 10-HCO-H4PteGlu and H,PteGlu in the urine of
the ethanol-treated rats suggest that there was
diminished conversion of 5-CH:-HsPteGlu to these
forms in the kidney. The major effect of ethanol was
to increase the total excretion of folate; since 5-
CH;-H,PteGlu was the major urinary folate, ethanol
treatment was thus increasing the excretion of 5-
CH;-H.PteGlu. The significance of the changes in
relative distribution may, therefore, be minor.
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