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Ethanol-induced changes in membrane ATPases: inhibition by iron chelation 
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Abstract-The effect of chronic ethanol intake, with and without an iron chelator, on the activity of 
rat membrane ATPases was investigated. Using the intragastric feeding model, male Wistar rats (250 g) 
were fed a liquid diet and ethanol for 1 month. In control pair-fed animals, ethanol was isocalorically 
replaced by dextrose. In addition to the above groups, two groups of animals (dextrose or ethanol-fed) 
also received an oral iron chelator (1,2-dimethyl-3-hydroxypyrid-4-one, L,) (25 mg/kg/day for 30 days). 
The blood ethanol levels were maintained between 150 and 3OOmg/dL. Red cells were washed 
immediately with ice-cold saline, membranes were prepared, and ATPases were measured. The mean 
Ca*+ pump ATPase in animals fed ethanol was lower than in dextrose-fed controls. In contrast, Na+/ 
K+ pump ATPase was enhanced following chronic ethanol treatment. The addition of L, to the diet 
prevented the changes in both the Ca2+-ATPase and Na+/K+-ATPase in ethanol-fed rats. Although 
the exact mechanism for the prevention of changes in ATPase activity by L, is unknown, it is not a 
result of non-specific interaction between the chelator and membranes. Incubation of purified membranes 
with different concentrations of L, for 60 min at 37” had no effect on the activity of the ATPase. In 
conclusion, chronic intake of ethanol specifically inhibited Ca*+ pump ATPase and enhanced Na+/K+- 
ATPase in rat red blood cell membranes. The iron chelator, L1, corrected both of these ethanol-induced 
changes. 
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Chronic intake of ethanol is associated with several 
inflammatory and degenerative disorders that affect many 
organs [l]. Although the exact mechanisms of action of 
ethanol in different systems are still unknown, the 
generalized pathological effects may be due to its deleterious 
effects on plasma membrane and cellular transport systems 
[2]. One group of transport systems that may be affected 
include membrane ATPases. 

Chronic exposure to ethanol has been shown to result 
in increase in Na+/K+-ATPase activity [3]. Acute exposure 
to ethanol has been shown to inhibit Na+/K+- and Ca*+/ 
Mg*+-ATPase activity, while the effects of chronic intake 
of ethanol on the activity of Ca*+-ATPase are variable in 
different tissues [4,5]. Mobilization of iron has been 
proposed as one mechanism responsible for alcohol- 
induced tissue damage (61. Since free iron and iron- 
containing compounds can act as catalysts in the formation 
of lipid peroxides [7] and since it is recognized that lipid 
peroxides can affect ATPases in cell membranes (81, we 
also examined the effect of an oral iron chelator, 1,2- 
dimethyl-3-hydroxypyrid-4-one (L,) [9] on membrane 
ATPases. L,, a member of the 3-hydroxypyridin-4-one 
family of identate iron chelators, is a neutral molecule that 
forms a 3:l chelator-iron complex [9] at pH7.4. L, has 
been shown to be an effective chelator in patients with 
myelodysplasia and thalassemia [lo, 111. 

The present study was designed to evaluate: (a) the 
effect of chronic ethanol intake on erythrocyte membrane- 
bound ATPases, and (b) the effect of L, on ethanol- 
mediated changes in the cellular transport systems. 

Materials and Methods 

Male Wistar rats, weighing 225-25Og, were fed by 
continuous infusion of a liquid diet through permanently 
implanted gastric cannulas, as described previously [ 121. 
The diet contained corn oil as the source of fat (25% of 
calories). The amount of ethanol fed was initially 8 g/kg/ 
day and increased up to 17g/kg/day as tolerance 
developed. Blood alcohol levels were maintained at 
between 150 and 300 mg/dL. Li (25 mg/kg/day) was added 
to the diets of both ethanol-fed and control groups. The 

animals were killed 1 month after the start of feeding. For 
each group, the pair-fed dextrose-corn oil controls were 
killed at the same time. 

For ATPase determinations, blood was collected 
from the aorta into heparinized tubes and centrifuged 
immediately at 4” to separate the red blood cells (RBC). 
RBC membranes were prepared according to the method 
of Farrance and Vincenzi [13]. Na+/K+-ATPase and Ca*+- 
ATPase were measured simultaneously using a microtiter 
plate assay [14]. 

Results and Discussion 

Figure 1A shows the effect of chronic ethanol intake on 
erythrocyte membrane Na+/K+-ATPase activity. Chronic 
ethanol consumption resulted in an increase in the activity 
of Na+/K+-ATPase. Our results are consistent with those 
of other investigators who observed a similar effect of 
ethanol [15]. The exact mechanism(s) by which ethanol 
enhances Na+/K+-ATPase activity is unknown. However, 
several hypotheses, including an increase in the number of 
the pumps [16], “improper processing of the pump” [15], 
and changes in membrane fluidity [ 171, have been proposed. 
Israel et al. [l&19] originally postulated that the increase 
in Na+/K+-ATPase in the liver after ethanol administration 
was due to increased oxidative phosphorylation and oxygen 
consumption to supply ATP for ATPase activity. Studies 
by Johnson and Crider [3] suggest that the increased 
enzyme activity in treated cells is due to the enzyme being 
less efficient in coupling ion pumping to ATP hydrolysis 
than the enzyme in normal cells [3]. 

The importance of Ca*+ in cellular physiology and organ 
injury is well established [20]. For this reason, we chose 
to investigate the effect of chronic ethanol consumption on 
the CaZ+ pump ATPase. As shown in Fig. lB, feeding 
ethanol for 1 month decreased the activity of Ca*+ pump 
ATPase. This inhibition of Ca’+-ATPase may account for 
the accumulation of intracellular calcium observed in tissues 
of ethanol-fed rats [4]. 

Chronic ethanol intake has also been shown to result in 
accumulation and mobilization of iron [21]. This catalytic 
free iron can catalyze the formation of reactive oxygen 
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Fig. 1. Effect of chronic ethanol feeding on red cell Fig. 2. Effect of L, treatment on ethanol-induced changes 
membrane Na+/K+-ATPase (A) activity and Ca2+-ATPase in Na+/K+-ATPase (A) and Ca*+-ATPase (B) activities. 
(B) activity. Animals were fed ethanol for 30 days. Each The drug was given over a l-month period of feeding. Each 

point represents a single animal. point represents a single animal. 

species that are hypothesized to be important in the 
pathogenesis of alcohol-induced tissue damage [6]. Whether 
iron is involved in ethanol-induced changes in the ATPase 
activity is unknown. In other experimental systems, there 
is evidence that non-heme iron promotes lipid peroxidation 
and leads to inhibition of Car+-ATPase activity [22]. Our 
results show that when animals were treated with a powerful 
iron chelator, L,, the effect of ethanol on erythrocyte 
membrane ATPases was prevented (Fig. 2). This result is 
consistent with the hypothesis that iron chelation leads to 
decreased lipid peroxidation and the prevention of 
inhibition of Ca’+-ATPase activity. It is important to note 
that the effect of L, on membrane-bound ATPases is not 
a non-specific effect, since incubation of membranes with 
different concentrations of L,, for 60min at 37”, had no 
effect on the activities of the ATPases (Fig. 3). The fact 
that treatment with L, prevented the effect of ethanol 
indicates that iron is involved in ethanol-induced changes 
in membrane ATPases. However, a non-iron-mediated 
effect of Lt cannot be ruled out completely. 

In conclusion, our results indicate that chronic ethanol 
intake results in an increase in the activity of Nat/K+- 
ATPase and a decrease in the activity of Ca*+-ATPase in 
rat erythrocyte membranes. L,, an oral iron chelator, 
prevented this effect of ethanol. Further studies are needed 
to understand the mechanisms of action by which iron 
affects cell membrane ATPases in ethanol-fed rats. 
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Fig. 3. Effect of L, on membrane-bound ATPases in uitro. 
Membranes were incubated with L, at 37” for 60min. 
Each point represents the mean ? SD of five separate 

experiments. 



Short comm unications 141 

Acknowledgements-This work was supported in part by 11. Al-Refaie FN, Wonke B, Hoffbrand AV, Wickens 
a biomedical research support grant from the National DG. Nortev P and Kontoehiorehes GJ. Efficacv and 
Institute of Health. The authors thank Ciba-Geigy Ltd. for possible ad;erse effects of-the &al iron chelator 1,2- 
the gift of L,. The authors also thank Mrs. Esabella Chin dimethyl-3-hydroxypyrid-4-one (L,) in thalassemia 
for excellent secretarial assistance. major. Blood SO: 593-599, 1992. 

Department of Pathology 
New England Deaconess 

Hospital and 
Harvard Medical School 
Boston, MA 02215, 

U.S.A. 

S. M. HOSSEIN SADRZADEH* 
PATRICIA PRICE 
AMIN A. NANJI 

12. French SW, Miyamoto K and Tsukamoto H, Ethanol 
induced hepatic fibrosis in the rat: Role of the amount 
of dietary fat. Alcoholism Clin Exp Res 10: 13S-19S, 
1986. 

13. Farrance ML and Vincenzi FF, Enhancement of 
(Ca’+ + Mg*+)-ATPase activity of human erythrocyte 
membranes by hemolysis in isosmotic imidazole buffer. 
I. General properties of variously prepared membranes 
and the mechanism of the isosmotic imidazole effect. 
Biochim Biophys Acta 471: 49-58, 1977. 

14. Sadrzadeh SMH, Vincenzi FF and Hinds RR, 
Simultaneous measurement of membrane ATPases in 
microtiter plates. J Pharmacol Toxic01 Methoa!s, in 
press. 

REFERENCES 

1. Majchrowics E and Nobel EP (Eds.), Biochemistry and 
Pharmacology of Ethanol. Plenum Press, New York, 
1979. 

2. Blachley JD, Johnson JH and Knochel JP, The harmful 
effects of ethanol on ion transport and cellular 
respiration. Am J Med Sci 289: 22z26, 1985. 

3. Johnson J and Crider B. Increases in Na+/K+-ATPase 
activitv of ervthrocvtes and skeletal muscle’after chronic 
ethanol consumption: Evidence for reduced efficiency 
of the enzvme. Proc Nat1 Acad Sci USA 86: 7857- 
7860,1989.’ 

4. Gandhi CR and Ross DH, Influence of ethanol 
on calcium inositol phospholipids and intracellular 
signalling mechanisms. Experientia 45: 407-413, 1989. 

5. Messing RO, Carpenter CL, Diamond L and Greenberg 
DA, Ethanol regulates calcium channels in clonal 
neural cells. Proc Nat1 Acad Sci USA 83: 6213-6215, 
1986. 

6. Shaw S, Lipid peroxidation, iron mobilization and 
radical generation induced by alcohol. Free Radic Biol 
Med 7: 541-547, 1989. 

7. Bacon BR and Britton RS, Hepatic injury in chronic 
iron overload: Role of lipid peroxidation. Chem Biol 
Interact 70: 183-226, 1989. 

8. Moore RB, Brumitt ML and Mankad VN, Hyd- 
roperoxides selectively inhibit human erythrocyte 
membrane enzymes. Arch Biochem Biophys 273: 527- 
535, 1989. 

9. Kontoghiorghes GJ, Structure/iron binding activity of 
1-hydroxypyrid-2-one chelators intended for clinical 
use. Znorg Chim Acta 135: 145-152, 1987. 

10. Kontoghiorghes GJ, Aldouri MA, Sheppard L and 
Hoffbrand AV, 1,2-Dimethyl-3-hydroxypyrid-4-one, 
an orally active chelator for treatment of iron overload. 
Lancet 1: 1294-1295, 1987. 

* Corresponding author. Department of Pathology, 
M323, New England Deaconess Hospital, 185 Pilgrim 
Road, Boston, MA 02215. Tel. (617) 6329030; FAX (617) 
632-0167. 

15. Ferguson ER, Blachley JD, Carter NW and Knochel 
JP, Derangements of muscle composition, ion transport, 
and oxygen consumption in chronically alcoholic dogs. 
Am J Physiol246: F700+709, 1984. 

16. Sharma V and Banerjee S, Effect of chronic ethanol 
treatment on specific [sH]ouabain binding to Na+/K+- 
ATPase in different areas of cat brain. Eur J Pharmacol 
56: 297-304, 1979. 

17. Taraschi TF and Rubin E, Effects of ethanol on the 
chemical and structural proportions of biologic 
membranes. Lab Invest 52: 120-131, 1985. 

18. Israel Y, Kalant H, LeBlanc E, Bernstein JC and 
Salazar I, Changes in cation transport and (Na + K)- 
activated adenosine triphosphataseproduced by chronic 
administration of ethanol. J Pharmacol Exp Ther 174: 
330-336, 1970. 

19. Israel Y, Kalant H and Laufer I, Effects of ethanol on 
Na, K, Mg-stimulated microsomal ATPase activity. 
Biochem Pharmacoll4: 1803-1814, 1965. 

20. Cheung JY, Bonventre JV, Malis CD and Leaf A, 
Calcium and ischemic injury. N Engl J Med 314: 1670- 
1676, 1986. 

21. Irving MG, Halliday JW and Powell LW, Association 
between alcoholism and increased hepatic iron stores. 
Alcoholism Clin Exp Res 12: 7-13, 1988. 

22. Blaine Moore R, Hulgan TM, Green JW and Jenkins 
LD, Increased susceptibility of the sickle cell membrane 
Ca*+ + Mg*+-ATPase to t-butylhydroperoxide: Pro- 
tective effects of ascorbate and desferal. Blood 79: 
1334-1341. 1992. 


