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The megaloblastic anemia associated with chronic alcohol consumption is most frequently
seen in malnourished alcoholics. This condition is seen only infrequently in well-fed alco-
holics. Thus, it appears that a decreased dietary intake of folic acid (PteGlu) is necessary
for alcoholics to develop PteGlu deficiency (for further discussion and references see Ref.
1). However, ethanol ingestion does play an important role in aggravating PteGlu deficiency,

as first shown by Sullivan and Herbert.2

They found that alcohol ingestion prevents the

haematological response to small doses of PteGlu, either oral or parenteral, in three patients
with megaloblastic anemia. The mechanism by which ethanol interferes with folate utilization
is still unclear. Folate malabsorption in the alcoholic has been implicated as a contributing

3-5

factor. However, the malabsorption of folates seen in alcoholics may be caused by intes-

tinal mucosa lesions resulting from a deficiency of folates and not by alcohol, per §g.2’5°8
Another mechanism whereby alcohol may influence folate utilization is suggested by the
finding that alcohol apparently interferes with folate polyglutamate synthesis.g Alcohol
induces a fall in the serum level of 5-methyltetrahydrofolate (S-Cﬁa-H4PteGTu) in subjects

receiving either a folate-deficient diet or a high-folate diet.m’n

These and a subsequent
study with radiolabeled PteGlu and 5-CH3-H4PteG1u]2 were consistent with the conclusion that
ethanel interferes with the release of S-Cﬁa-H4Ptes]u from tissue stores. In a further study
Hillman gg,gl.}3 found that ethanol apparently blocks release of folates derived from PteGlu,
but not of S—CH3-H4PteG1u, into the bile. Since the Tiver is the main storage depot for

14 this hypothesis should best be studied in this organ. Our interest in transport of

folates
folates in isolated rat Tiver cells led us to investigate the effect of alcohol on the

transport process. We now report evidence that ethanol in vitro results in an apparent



2070 Preliminary Communications

increased accumulation of 5~CH3-H4PteGlu in freshly isolated hepatocytes. This may help to

explain the decreased serum folate level after in vivo administration of ethano1. 011
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Fig. 1. Time course of uptake of 5-CHy-HgPteGlu in control cells ()

and in cells incubated in medium containing 40 mM ethanol (o). 5-CH3~
Ha[6-3H]PteGlu (0.25 uM) and/or ethanol (40 mM) were added to the hepato-
cyte suspension in 125 ml plastic flasks open to the air. The cell
suspension was incubated at 37°C with shaking and aliquots werg removed
at the indicated times for measuring uptake of 5-CH3-HgPteGlu.l4 Panel
a. Rats received ethanol (4g/kg) by stomach tube one hour prior to
hepatocyte isolation. Panel b, No pretreatment with oral ethanol. The

results represent the average uptake by hepatocytes from two rats for
each treatment.

Hepatocytes were isolated by the collagenase-perfusion technique and transport experi-
ments were performed as described previous1y]5 in an incubation medium of Krebs-Ringer salts
solution buffered at pH 7.4 with 25 mM Hepes (Calbjochem). The isolated hepatocytes were
judged to be viable on the basis of trypan blue dye exclusion. Over 95% of the cells excluded
dye at the beginning of the experiments. From 70 to 80% of the cells excluded dye after 90
min incubation. No differences in viability were seen between control cells and those

16

receiving in vitro ethanol. Previous studies'~ indicated an apparent Km for transport of

about 0.9 uM for 5-CH3-H4PteGlu; therefore uptake experiments were performed at 0.25 uM
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(z)—L-S-CH34H4[G-3H]PteGlu (synthesized by the method of Horne 33_31.17) in order to reflect
any changes in the carrier-mediated transport process. Uptake was measured at various time
intervals in hepatocytes isolated from rats administered éthanol {4g/kg) by stomach tube one
hr prior to beginning cell isolation procedures (Fig. 1a) and in hepatocytes from rats which
received no oral ethanol (Fig. 1b). By comparing the control curves of panels a and b it can
be seen that prior oral administration of ethanol had no appreciable effect on the intra-

cellular accumulation of 5-CH3-H4PteG1u. However, in both cases in vitro ethanol at 40 mM

(curves marked ETOH in panels a and b) caused an increased accumulation of 5-CH3—H4Pte61u when

compared to the respective control cells. The maximal increase was about 30% in each case.
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Fig. 2. Time course of ethanol stimulation of 5-CH3-HqPteGlu transport.
The data of Fig. 1 have been recalculated to show the % stimulation of
5-CH3-H4PteGlu accumulation at each time point. The average of results
in panels a and b is plotted as a function of time.
The time course of the ethanol effect on 5—CH3-H4PteG1u transport is shown in Fig. 2.
It can be seen that the apparent stimulation of uptake increases with time of incubation up
to about 45 min and declines slowly thereafter. The fact that this effect increases with time

up to a maximum and then declines suggests that an accumulation of ethanol metabolite(s) may
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be responsible for the stimulation. Preliminary experiments carried out to determine whether

pyrazole, in vitro, would block the ethanol stimulated uptake of 5-CH3—H4PteGlu were unsuc-

cessful because pyrazole at 2 mM inhibited S—CHB-HAPteGIu uptake 25 to 30% in control cells.
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Fig. 3. Concentration dependence of ethanol stimulation of 5-CH3-Hg
PteGlg transport. Ethanol at the concentrations indicated and 5-CH3-
Ha[G-2HIPteGlu at 0.25 uM were added to 2 ml of hepatocyte suspension
in 20 ml plastic scintillation vials open to the air. The samples were
incubated with shaking at 37°C for 75 min and duplicate samples were
taken to estimate 5-CH3-H4PteGlu uptake. The results are expressed as
% stimulation of uptake as compared to controls without ethanol and
represent the average data from two rats. Although it is not shown in
the figure ethanol at 0.05, 0.1 and 0.25 mM as well as 0.5 and 1.0 mM
(shown? was without effect on uptake.

Fig. 3 shows the ethanol concentration dependence of the apparent stimulation of 5-CH3-

H4Pte61u transport. Although not all of the lTower concentrations tested are shown in Fig. 3,

at 0.05, 0.1, 0.25 and 1 mM there was no effect on transport. At higher ethanol concentra-

tions the intracellular level of 5-CH3—H4Pte61u increased and reached a plateau at about 25

to 30 mM. These data show that there is a threshold level of ethanol below which no effect

is seen and further show that the ethanol effect is concentration dependent above this
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threshold level. Similar levels of ethanol added in vitro to isolated hepatocytes have been

shown to inhibit the oxidation of palmitate to C0, and stimulate the incorporation of paimitate

into g]ycerolipids.]g Concentrations of ethanol as high as 65 mM have been used in vitro
19

with isolated hepatocytes with no evidence of cellular damage. In further experiments we
have found that uptake of w-aminoiscbutyric acid was inhibited about 24% when incubated with
40 mM ethanol for 60 min, the same conditions which produced a stimulation of 5-CH3-H4Pteﬁlu
uptake. Thus the ethanol effect seen with 5-CH3-H4PteGIu as substrate is not a general
phenomenon due to nonspecific interactions of ethanol with the plasma membrane.

The mechanism whereby ethanol results in increased accumulation of S-CH3—H4PteGIu is
unclear. Ethanol {or a metabolite) might stimulate the entry of 5—CH3—H4PteG1u into the

hepatocytes. However, in previous expenr‘iments]6

we have shown that an apparent stimulation
of 5—CH3—H¢PteGIu uptake in hepatocytes by sodium azide can be accounted for, at least in
part, by inhibition of the efflux of S-CH3—H4PteGTU from the cells. In this respect, it is
of interest to note that azide is a potent inhibitor of mitochondrial electron transport, and
that acetaldehyde has been reported to adversely affect oxidative phosphorylation at site 1.20
Thus ethanol via acetaldehyde may inhibit efflux of 5-CH3-H4Pteﬁlu in a manner similar to
azide. The oxidation of ethanol, however, leads to complex metabolic fnteractions. Among
other effects, the level of reduced pyridine nucleotides is increased, acetaldehyde levels
increase greatly, mitochondrial functions are altered and fatty acid oxidation decreases.21
Whether the effects of ethanol on S-CH3-H4Pte31u transport are exerted primarily on
influx or efflux and whether they are mediated throdgh acetaldehyde formation or by altering
the NADH/NAD ratio in the cell must await more detailed studies. Although it is difficult to
extrapolate from these in vitro experiments to the in vivo situation, nevertheless these data
obtained from experiments performed at the cellular level may provide a mechanism to explain

the decreased serum levels observed upon in vivo ethanol administration.w’n

REFERENCES

1. J. Lindenbaum, in Metabolic Aspects of Alcoholism {(ed. Charles S. Lieber), pp. 215-220.

University Park Press, Baltimore {1977).



10.
11.
12.

13.
14.

15.
16.
17.
18.
19.
20.
21.

Preliminary Communications

L. W. Sullivan and V. Herbert, J. Clin. Invest. 43, 2048 (1964).

F. A. Klipstein and J. Lindenbaum, Blood 25, 443 (1965).
C. H. Halsted, R. C. Griggs and J. W. Harris, J. Lab. Clin. Med. 69, 116 (1967).

C. H. Halsted, E. A. Robles and E. Mezey, N. Engl. J. Med. 285, 701 (1971).

J. A. Hermos, W. H. Adams, Y. K. Liu, L. W. Sullivan and J. S. Trier, Ann. Intern. Med.

76, 957 (1972).
C. H. Halsted, E. A. Robles and E. Mezey, Gastroenterology 64, 526 (1973).

J. Lindenbaum and J. F. Pezzimenti, Clin. Res. 20, 871 (1972).

J. P. Brown, G. E. Davidson, J. M. Scott and D. G. Weir, Biochem. Pharmac. 22, 3287

(1973).
E. R. Eichner and R. S. Hillman, J. Clin. Invest. 52, 584 (1973).

C. J. Paine, E. R. Eichner and V. Dickson, Am, J. Med. Sci. 266, 135 (1973).

F. Lane, P. Goff, R. McGuffin, E. R. Eichner and R. S. Hillman, Brit. J. Haematol. 34,

489 (1976).
R. S. Hillman, R. McGuffin and C. Campbell, Trans. Assoc. Amer. Physicians 90, 145 (1977).

R. L. Blakely, The Biochemistry of Folic Acid and Related Pteridines, pp. 34-38. North-

Holland, London (1969).
D. W. Horne, W. T. Briggs and C. Wagner, Biochem. Biophys. Res. Commun. 68, 70 (1976).

D. W. Horne, W. T. Briggs and C. Wagner, J. Biol. Chem. 253, 3529 (1978).
D. W. Horne, W. T. Briggs and C. Wagner, Anal. Biochem. 83, 615 (1977).

. A. Ontko, J. Lipid Res. 14, 78 (1973).
. Grunnet, B. Quistorff and H. I. D. Thieden, Eur. J. Biochem. 40, 275 (1973).

dJd
N
A. I. Cederbaum, C. S. Lieber and E. Rubin, Arch. Biochem. Biophys. 161, 26 (1974).
C

. S. Lieber, in Metabolic Aspects of Alcoholism (ed. Charles S. Lieber), pp. 1-30.
University Park Press, Baltimore (1977).

ACKNOWLEDGMENTS

This work was supported in part by the Medical Research Service of the Veterans Administra-

tion and by Grants #469 from the Nutrition Foundation and # AM 15289 from the United States

Public Health Service.



