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Abstract- A marked decrease in the hepatic concentration of ATP lowers the phosphate potential 
of the liver of rats fed ethanol for prolonged periods of time. Either a decreased synthesis or an 
increased demand could account for this change in ATP. The experiments presented here were designed 
to investigate both possibilities. Changes in the utilization of ATP were assessed by measuring the 
activity of the [Na’ + K”]-activated ATPase system. and changes in the synthesis of ATP by the 
activity of the adenine nucleotide translocase system. Since the level of long-chain CoA derivatives 
of fatty acids regulate the translocation of ADP into mitochondria. their total cellular content and 
mitochondrial level were also determined. The experiments were conducted on male SpragueeDawley 
rats (275%300g) maintained on a liquid diet having 36 per cent of the caloric intake as ethanol. After 
2 weeks, the experimental animals had a fatty liver. This change was not associated with any significant 
alteration in the ATP content of the liver or in the activity of the adenine nucleotide translocase 
system. After 4 weeks. the excess of neutral lipid in the liver still persisted. but was associated with 
a marked increase in the level of long-chain CoA derivatives of fatty acids. The level of ATP in 
Ihe liver was only 50 per cent of normal, and the rate of tramlocation of ADP into the mitochondria 
was decreased. The activity of the adenine nucleotide translocase system could be restored to normal 
values if the long-chain CoA derivatives of fatty acids were removed from the surface of the mitochon- 
drial membrane by treatment of the preparation with defatted albumin. At this time there was only 
a slight (IS”,,) enhancement of the [Na+ + K’]-activated ATPase system. With the removal of ethanol 
from the diet the ATP level returned to normal rather quickly. Changes in the level of hepatic ATP 
correlated well with the activity of the adenine nucleotide translocase system but did not parallel 
changes in the activity of the Na’ pump system. These findings indicate that the dominant feature 
leading to the decrease in the (ATPjADP x P,) ratio is decreased synthesis of ATP. 

The state of phosphorylation of the hepatic cyto- 
plasm, as measured by the ratio (ATPIADP x Pi). is 
altered in different ways by the consumption of eth- 
anol. depending on its mode of administration [l-3]. 
In contrast to an increase noted following a single 
dose of ethanol [I]. prolonged consumption depresses 
the ratio below normal levels E2.33. The simultaneous 
observation of a minor elevation in the phosphate 
level, and an unchanged ADP value under these cir- 
cumstances has indicated that a sizeable drop in 
hepatic ATP is responsible for the decrease in 
the (ATP!ADP x Pi) ratio 12.31. Two different 
mechanisms have been proposed to explain this de- 
crease since either an increased utilization or a de- 
creased synthesis could account for the observations. 
Evidence supporting the first mechanism has been 
presented by Israel’s group, who claimed that the ac- 
tivity of the Nat pump is altered by the chronic in- 
gestion of ethanol, causing an increased demand for 
ATP which exceeds the cells’ capacity for syn- 
thesis [3]. Other investigators, however. have noted 
that mitochondria in an ethanol-induced fatty liver 
exhibit marked alterations in their ultrastructure. 
composition, and function. suggesting that the syn- 
thesis of ATP is depressed in these animals [3-71. 

The experiments presented here were deisgned to 
investigate both possibilities. First, the length of time 
that ethanol must be present in the diet to cause a 
change in ATP metabolism was ascertained. Having 
established this. the changes in the utilization of ATP 

were assessed by measuring the activity of the 
[Na’ + K&]-activated ATPase system. and changes 
in the synthesis of ATP by the activity of the adenine 
nucleotide translocase system as this step regulates 
the process of oxidative phosphorylation 18.91. The 
total celluiar content and mitochondrial level of long 
chain CoA derivatives of fatty acids was also deter- 
mined since the level of these derivatives regulate the 
translocation of ATP into the mitochondria [lo]. 
Since the ATP content of the liver returns to normal 
rather quickly upon removal of ethanol from the diet. 
the opportunity presented itself to examine these two 
pathways in response to a sudden withdrawal of eth- 
anol from the diet. This was carried out by measuring 
changes in these systems as a function of time after 
the removal of ethanol from the diet. 

METHODS AND MATERIALS 

Aninznls. Male Sprague-Dawtey rats (220-250 g) 
from Canadian Breeders. Quebec. Canada, were 
divided into two groups, the controis and experimen- 
tal animals. Each control animal was maintained on 
a liquid diet (31 and pair-fed with an experimental 
animal. After 10 days. ethanol was introduced into 
the diet at a level of 20 cal “(, at the expense of an 
equivalent number of calories of carbohydrate. After 
a further 10 days the ethanol concentration was in- 
creased to 36 cal “;,, at the expense of further carbo- 
hydrate. To save on routine analysis, in some of the 
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cxperimrnts. the regime of pair-feeding was changed 
so that each control animal was given the average 
daily intake of two experimental an&Is [-il. Animals 
were killed after 14 or 2X days on this regime. except 
fcjr one group of rxperimental animals which was 
returned to the normal liquid diet and maintained 
thus for a further 1. 3 or 5 days. bcforr being killed. 
All ~1~iln~~Js had free access to water and those on 
the liquid diets were given fresh diet in Richter tubes 
each day. The caloric intake was found to bc ade- 
quatc during the cxperimcntal period and no deaths 
occurred. 

~.~~)~,ri/f7~~/?f~~~ ~~~,s~~~ff. The rats were not starved 
before being killed and in each experiment were sacri- 
ticcd at the same time of the day. The abdomen was 
quickly opened. Within 8 sec. a small portion of the 
liver was removed and dropped into liquid N,. (or 
a portion of the liver was frozen irl ~iru). The remain- 
ing lobes were used for the isolation of hepatic mito- 
chondria. which wcrc prepared by diiferential ccntri- 
ft~g~~tio~~ according to the method of Johnson and 
Lardy f 1 I]. 

~;(~~.~~~~ff~~~~~/ mtr~~si.~. The piece of frozen liver was 
stored in liquid Nz until the assays were performed. 
At the time. a portion of the frozen liter was weighed 
and homogenired in 0.6 M HCIO, (1 :S w:Y). The pro- 
tcin precipit~~te was spun off and the sLiperil~~t~~~it neu- 
tralizcd with 2.ZM K2H PO, and utilized immcdi- 
ately for the determination of the hepatic lcvcls of 
ATP. by the method outlined by Greengard [12]. 
Hepatic and mitochondrial protein levels were deter- 
mined by the method of Lowry (V trl. [ 1.31. Another 
portion of the frorcn Ii\-cr ~-as weighed and homogen- 
izcd in redistilled cllloroform--meth~lnol (2: I VT). The 
lipids were extra&d and washed as outlined by 
Folch 1141 and ~tlbseqLle~ltly used fr,r triglyceride 
analysis by semi-micro procedure outlined by Cher- 
nick [IS]. 

i~mc~-thi~~ cud Co.4 ckrirruires of‘,firtt,v trr~itls. The 
level df these d&ivati\es of fatty acids was dctcrmined 
in the insoluble perchloric acid prccipitatc. prepared 
as outlined hj- Williamson and Corkey [16]. The 
amount of CoA formed after hydrolysis was estimated 
by the method of Kondrup and Grunnet [17]. 

“1&i~~~ IIU&O~~& ~r.rrr~.s/or~~.s~~. The activity of this 
system was measured by determining the transloca- 
tion of [‘“CIADP into the mitochondria according 
to the method described by Lerner [IS’j, The basic 
reaction mixture of 40mM Tris-I-ICI. pW 4.3: 
iO0 mM KU: 1 .O mM MgCI1. and (X5--4.0 mg of 
mitochondrial protein in a vol. of 1 .O ml was incu- 
ba~cd for 3min at 2.i The reaction was initiated 
hv the addition of 0. I75 j(M to 0.200 j{M 
[“CJADP (sp. act. ranged from 100 300 mCi;m- 
mole). After 3 min the reaction was terminated with 
atractyfoside. The reaction mixture was then centri- 
fuged for tOmin at 500~~ and the supernatant 
removed by suction. The pellet was washed and then 
allowed to solubilize overnight in N.C.S. reagent 
(Amersham Searlc Co.). Aquasol (New England Nu- 
clear) (15.0 ml) was added and the samples counted 
ill a Packard Tri-Carb sciIltil~~it~on spectrometer 
model 2425. The et&&net/ of counti~~~ was deter- 
mined by using an external standard and all the 
results were expressed in disintegrations per min. The 
reaction was carried out on four different aliquots 

of the mitochondria preparations, The simple dilfu- 
sion of [‘“C]ADP into the mitochondria was 
measured in each assay by adding atractylnsidc 
(5.OmM) at zero time. Only if the results wrrc lineat 
were the data used to compute the translocation of 
[‘SC]ADP into the mitochondria. Since the radioac- 
tivity added to the system was not always the same. 
the data were normalized by assigning a value of IOC, 
to the activity obtained in the pair-fed Iiqtrid control 
group of the day and by expressing the data obtained 
for the experimental groups as a percentage of the 
control group’s activity. 

[Nu’ + K “1 ~~~.rj~.~~~~/~~ A TYnst. The [Na-’ + K + J 
ATPase and M$’ ATPase activities were determined 
on liver homogenates as outlined by Ismail Beigi and 
Edetman [191. The inorganic phosphate liberated was 
determined by the method of Penniatl 1201 exeept 
that the phosphomotqbdic acid was measured in the 
unreduced form after extraction with 2 methyl pro- 
pan-i-ol-benzene (1: I v,x) f2t J. 

R~lf?f(~i.f~l of l(}l?~~-~~z~firl ctcyl CoA (i~,~i~~lt~~~,s. Mito- 
chondria pre~~~~t~ons were incubated at 0 for 5 min 
in an isolation media containing I”,, defatted albumin. 
The suspension was then centrifuged at 15,ooO~g for 

5min, the supernatant discarded and the mitochon- 
drial preparation re-suspended in 0.25 M sucrose. 

After two weeks on a diet containing ethanol at 
a level of 36 cal 0I) the animals exhibited fatty livers. 
The average triglyceride content in the ethanol-fed 
animals was 25.60 & 2.4 mg;ig wet wt of liver (if = 13) 
compared to 10.01 k 1.0 (II = 8) in the controls. No 
significant change was observed in the hepatic level 
of ATP or in the activity of the adeninr nucleotidc 
translocase system at this time (Table 1). 

After 4 weeks on the liquid diet the ethanol-fed 
animals still exhibited fatty livers (Table 2). At this 
time. however. the ATP content of the liver was only 
50 per cent of the control value. This change was 
associated with a decreased activity in the adenine 
nucleotide transtocase system (35 per cent of the toll- 
trol value-- Table 3) and an increase in the content 
of long-chain CoA derivatives of fatty acids in both 
the total liver and in the mitochondrial preparations 

Table 1. The level of ATP and the activity of the adwine 
nwieotide transiocase system in the iivcr of rats chroni- 

cally fed ethanol* 
-_--- - 

ATP Adeninc nuckotide 
i~imnles:g wet wt translctease actkitj 

Treatment of liver)+ irnits$ 
___ ~-_---l_------_l_^l___l 

Control 2.53 _+ 0.14 100 

(5) (5) 
Ethanol 2.36 + 0.10 X6.7 * 1.7 

112) ISI 
-- 

* Rats maintained cm the liquid diet containing ethanol 
at a level of 36 cal “/I for I weeks. 

* V&es given arc meaff i_S.E.h& 
: Units are defined in the text. 
Figures in parentheses indicate number of animals in 

the group. 
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Table 2. The hepatic content of long-chain acyl CoA derivatives of fatty acids and 
triglycerides in an ethanol-induced fatty liver* 

Long chain acyl CoA 
derivatives of fatty acids+ 

Triglycerides? Total liver Mitochondria 
Treatment mg!g wet wt nmoles/g wet wt nmoles,/5.0 mg protein 

Control 9.2 i: 0.3 3x.5 + 2.6 2.11 _t 0.13 
(12) (12) (12) 

Ethanol 35.6 rf: 2.3: 55.5 * 2.79 2.89 + 0.15$ 
(8) (81 (8) 

Days OR ethanol 
1 26.4 rt_ 0.31 39.5 * 8.9 2.03 f 0.13 

(4) (4) (4) 
_~-_L_~ ---- 

* Rats maintained on the liquid diet containing ethanol at a level of 36 cal I’<, 
for 4 weeks. 

+ Values given are mean ISEM.. and the numbers in parentheses denote the 
number of animals in the group. 

$ Statistically significant with respect to Control P < 0.001. 
C Statistically significant with respect to Control P < 0.01. 
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(Table 2). The cons~lmption of ethanoi appeared to 
enhance the activity of the [Na’ + K”f actitiated 
ATPase system. However this increase was not highly 
significant since the levels observed in the ethanol-fed 
rat were only 15 per cent greater than those observed 
in the pair-fed controls. 

Upon withdrawal of ethanol from the diet. both 
the level of ATP in the liver. and the activity of the 
mitochondria~ adenine nucleotide translocase system 
increased slowly and by day 5 had returned to control 
levels (Table 3). A further increase was observed in 
the activity of the [Na+ + K.‘] activated ATPase 
system on day 1. but by day 3 the activity of this 
system had decreased to a level that was slightly 
lower than that observed in the controls (Table 4). 
One day after the removal of ethanol from the diet. 
the level of long-chain CoA derivatives of fatty acids 
in the liver and in the mitochondrial fraction had 
returned to levels observed in the controls. Treatment 

Table 3. ATP content and adenine translocase activity in 
an ethanol-il~duced fatty liver* 

Adenine nucleotide 
ATP translocase activity 

Treatment (~moles!g wet wt)+ unitsf 

Controls 2.62 * 0.13 100 
(17) (22) 

Ethanol 1.37 + o.osq 35.4 f 5.5g 
(i0) (14) 

Days off ethanol 
1 I.61 * O.iO# 44.0 + 7.4% 

(5) (8) 
3 1.74 i. o.zs\’ 66.3 + 13.38 

(5) (10) 
5 2.55 + 0.18 93.3 i_ 19.9 

(6) (12) 

* Rats maintained on the liquid diet containing ethanol 
at a level of 36 cal ‘>,” for 4 weeks. 

+Values given are mean +S.E.M., and the numbers in 
parentheses denote the number of animals in the group. 

2 As defined in the text. 
$ Statisti~lly significant with respect to Control. 

P < 0.01. 

of the mitocllo~driai preparations with defatted albu- 
min lowered the concentration of long-chain CoA 
derivatives of fatty acids to 185 & 18.6 (n = 5) and 
211 & 24.2 (n = 5) pmoles/mg of mitochondrial pro- 
tein in preparations from control and ethanol-fed rats 
respectively. The effect of this treatment on the trans- 
location of ADP into the membrane of the mitochon- 
dria is presented in Table 5. The rate of tr~slocat~on 
of ADP into the mitochondria was increased by the 
removal of the derivatives of fatty acids. In fact this 
treatment abolished the differences between the eth- 
anol-treated animals and their pair-fed controls. This 
efiect was observed in all mitochondiral preparations 
isolated from the ethanol-fed animals. and also in 
preparations from animals which had ethanol 
removed from the diet (Table 5). Varying concen- 
trations of palmityl CoA were added to the albumin 
treated mitochondrial preparation from the ethanol- 
fed and control animals. In both preparations. a 50 
per cent inhibition of the translocation of Ci4C]ADP 
into the mitochondr~a was noted with concentrations 
of palmityl CoA ranging from 2.0 to 3.~nmo~esimg 

Table 4. ATPase activity of liver homogenate from rats 
chronically red ethanol* 

Mg’+ ATPase [Na’ + K” JATPase 
~moie P,,Ihrjmg of protein 

Controls x.79 I: 0.61 1.37 + 0.08 
(12) (121 

Ethanol 8.46 i 0.81 1.56 i 0.13 
(lo) (10) 

Days off ethanol 
1 9,12 & 1.01 1.79 & 0.28 

(101 (10) 
3 7.6 Ifr 0.70 1.25 k 0.19 

(6) (6) 
5 8.43 & 0.72 1.19 ri: 0.04 

(2) (3) 

* Values given are means +S.E,M., and figures in paren- 
theses indicate the number of animals per group. 

t Statjstically si~lti~cant with respect to control, 
P < 0.01. 



-L~ble 5. [“C]ADP translocation into mitochondria 
DPM;mg of protein* 

Control 

of mitochondrial protein. An effect similar to that 

observed by other investigators [IO, IX]. 

The data obtained in these cxpcriments support the 
concept that a decrcasc in the rate of ATP synthesis 

produces the change in hepatic ATP content in rats 

consuming ethanol for prolonged periods of time. 
Since the drop in the ATP fevcl occurs slowly over 

a period of 4 weeks. it can be argued that it is the 

result of an indirect cfl’ect brought about by some 
cumulative alteration in the metabolic interrelation- 

ship rather than by a direct rcsponsc to ethanol itself. 

Thus. after maintaining the rats on the diet containing 
ethanol for 2 weeks. an increase in the lipid content 

of the li\er was noted. but no significant change in 
the ATP content or in the activity of the adenine 

nucleotide translocase system. Since the rate of forma- 
tion of ATP is limited by the translocation of ADP 

into the mitochondria [22] and because the level of 
long chain CoA derivatives of fatty acids regulate the 

acti\sity of this carrier system. the observation of 
Bustos. Kaiant and Khanna 1231 that the level of 

these derivatives of fatty acids was not increased at 

this time agrees with om observation of a lack of 

an> change in the iranslocation of ADP into the 
mitochondria. After 4 weeks on the diet. the lipid con- 
tent of the liver was still higher than normal but was 

IION associated with an incrcasc in the level of long 

chain CoA derivatilcs of fatty acids. .A significant 

drop in the ATP content was noted as well as a 

marked decrcasc in the activity of the adeninc nuclco- 
tide translocasc system. The increase in the content 

of long chain CoA derivatives of fatty acids in the 
mitochondria appeared to parallel the decreased rate 
of translocation of ADP into mitochondri~~, This data 

strongly suggests that there is an actual decrease in 
ATP synthesis at this time. 

With the removal of ethanol from the diet. this 

simple relationship no Iongcr seem& to apply. The 
mitochondrial level of long chain CoA derivatives of 

fatty acids rapidly decreased to levels noted in the 
controls. but the rate of translocation of ADP into 
lhc mitochondria remained dcpresscd. The cxperi- 

nicnl\ in which the mitochondrial preparations were 
treated with defatted albumin seemed to clarify this 
point. This procedure lowered the level of long chain 
CoA derivatives of fatty acids in the mitochondrial 
preparations and any ditrerence in the rate of translo- 
cation of ADP into the mitochondria between con- 
trols and experimental animals disappeared. Appar- 
ently the total Ic~el of l~~~~g-ch~li~~ CnA dcri\ atives of 

fatty acids in these preparations does not necessarily 

reflect the level at the surface of the inner mitochon- 
drial membrane. This data can then hc taken as evi- 
dence that a long-term effect of chronic ethanol con- 
sumption is produced by the slow accumulation of 

these derivatives at the mitochondrial mcmbranc. 
These long chain CoA derivatives of fatty acids revcr- 

sibly inhibit the translocation of ADP into the mito- 

chondria and thus regulate the synthesis of ATP [IO]. 

At present biochen~ic~~i basis for this ~~cc~~~n~~l~~tit~n 

i\ the cth~~nol-fed rats is not understood. These results 

do ilot preclude other factors which may f>c involved 

in altering the activity of this system. 

While it seems that a reduction in the synthesis 

of ATP does occur. this dots not rule out a simul- 

taneous increase in the utiliution of ATP. In OUI 

experiments. the activit) of the Na pump ;IS 
measured by the [Nai t K ‘I-acticatcd ATPasc cys- 

lem was enhanced by only 15 per cent. Since it ih 
estimated that this system utilizes only 7 IO per cent 

of the total ATP formed in the liver [I!. 24.251. this 
increase would rcprcsent only a i 2 per cent change 

in the overall demand for 4TP. Other imcstiga- 

tars [2] report an incrcasc of 190 per cent in their 
system but even this rcprescnts only a IS per cent 

increase in the demand for ATP. It would not srcm 

likely that such changes would ha\c any significant 

eEcct on the phosphate potential. so that the cl&t. 
if it occurs at all. would not appear to be an impor- 

tant factor in the overall response. 

It has been pointed out [2] that many of the 
changes in hepatic metabolism noted in artimals fed 

ethanol are similar to those observed in animals given 
thyroid hormones. In animals treated with thyroxine. 

an increase in [Na’ + K ‘I-activated ,ATPasc system 
is associated with a dccreasc in the level of ATP. d 

a reduction in the phosphate potcntiof of the cell [XI]. 

None the less. difti-rent n~ecii;~nisIiis appear to be in- 
volved. In the th?roxinc-trcateci animals for instance. 

the decreased hcpatic lesels of itTP arc associated 
with an increase in the hcpatic ic\eis of ADP; in the 

ethanol-treated animal the dccrcased ATP levels arc 

not associated with any signiticant chanpc in ADP 

lcbel 131. 

If the decrease in the phosphate potential of the 
libcr is produced hq’ changes in the qnthcsis of ATP. 
then an explanation other than incrcascd utilbation 

of ATP must bc found for the obscr\ations that the 
cndogenous rate of oxygen consumption as well as 
the rate of ethanol oxidation is increuscd in the cth- 

anoI-fed ~~ni~n~~l 127. 781. In a normal animui <uch a 
marked drop in ATP Icvcls would cat~sc an increase 

flux of electrons through the rcspirnlory chain and 

as the rate of ethanol oxidation in the alcohol de- 
hqdrogenase system is limited bc the r-c-oxidation of 
NADH [I?9 311. this could account for the increa& 

rate of removal of ethanol. Indeed XI increased turn- 
over of ATP has been associated u ith an incrcascd 
rate of ethanol removal in parcnchyma preparations 
from normal rats starved 48 hr [X]. However. this 
concept if applied to rats consuming ethanol for pro- 
longed periods of lime rcquircs the assumptions that 
pathways of ethanol metabolism other than by alco- 
hol dehydrogenase are of little importance. and that 
the prtolonged ingestion of ethanol has no cft‘ects on 
the tr~Insl~~c~lti(~Il of t-educing e~tli~~Ilci~t~ from the 
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cytosol to the mitochondria or on their subsequent 
oxidation in the process of oxidative phosphorylation. 
There is considerable evidence that ethanol can be 
oxidized in pathways other than alcohol dehydro- 
genase [33--361. although exact interpretation of the 
evidence is much disputed [37- 3Y]. However. one 
cannot ignore the evidence which indicates that the 
increased rate of ethanol oxidation can be accounted 
for in part by its metabolism in the microsomai sgs- 
tern [39]. Also one cannot ignore the evidence which 
indicates that prolonged ingestion of ethanol alters 
the functions and morphology of the mitochon- 
dria [3. 71. Thus further experiments are required to 
show that the chronic consumption of ethanol pro- 
duces changes within the parenchyma cell causing an 
increased turnover of ATP. 

The data obtained in these experiments also raise 
a number of other interesting points. It is clear. for 
instance. that two different mechanisms control the 
response to alcohol depending on whether the dose 
is acute or chronic. Contrary to a common point of 
view. the change in phosphate potential is not reflec- 
ted in the redox state. since the latter state is shifted 
to a lower level when ethanol is ii~trodLlccd into the 
diet and remains at this ievel as long as ethanol is 
being consumed. whereas the former ratio (i.e. the 
state of phosphorylation) is shown to drop slowly. 
It should be recalled that the cytoplasmic (ATP! 
ADP x Pi) ratio has been related to the NADH! 
NAD+ ratio through the glyceraldehyde-3-phosphate 
dehydrogenase and 3-phosphoglyccrate reactions [l]. 
Under these circumstances one would therefore 
expect that a decrease in the state of phosphorylation 
would be associated with an increase in the NADH~, 
NAD’ ratio. While this is true for the chronic case. 
an increase in the state of phosphoryJation is associ- 
ated with an increase in the NADH~NAD+ ratio 
when a single dose of ethanol is administered [l]. 
Moreover. when ethanol is removed from the diet in 
the former experiments the rcdox state returns to nor- 
mal lebels while the the state of phosphorylation 
remains depressed [3]. Clearly this simple picture is 
inadequate. 

Changes observed in these experiments indicate 
that the prolonged ingestion of ethanol alters the 
metabolism of long chain CoA derivatives of fatty 
acids in the liver. A direct correlation appeared to 
exist between the increased level of these derivatives 
of fatty acids. changes in the activity of the adenine 
nucieotide translocase system. and the decreased ATP 
content of the liver in the eth~~lloi-fed rats, An in- 
creased demand for ATP to maintain the ion balance 
could not account for the lowered phosphate poten- 
tial of the liver. However. this should not be inter- 
preted to mean that other energy requiring systems 
have not been affected by the consumption of ethanol. 
As the level of ATP is a function of its rate of syn- 
thesis and utilization in many metabolic pathways. 
these results may only reflect a small portion of a 
very complex problem. Our results suggest that 
changes in fatty acid acyl CoA metabolism develop 
with time in animals consuming ethanol as part of 
their diet and that this in turn alters the translocation 
of ADP into the mitochondr~a~ membrane. and this 
limits the process of oxidative phosphorylation. 
Therefore the decreased phos~~hate potential of the 

cytoplasm can bc cxplaincd in part h! changes in 
the rate of synthesis of ATP. 
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