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FARRAR, R. P., C. M. ARDIES, R. L. SHOREY AND C. K. ERICKSON. The interaction of ethanol and swimming 
upon cardiac mass and mitochondrialfunction. PHARMAC. BIOCHEM. BEHAV. 16(2) 207-210, 1982.--Four groups of 
female Sprague-Dawley rats received a nutritionally adequate liquid diet formulated for rats. Two groups, one ethanol diet 
and one control diet swam 6 days/wk for 6 weeks and were designated swim ethanol (SWM-E) and swim control (SWM-C) 
respectively. Their swimming time increased from 15 min/day on the first day to 2 hrs/day during the final week. One 
sedentary group received an ethanol diet (SED-E) while another sedentary group received a control diet (SED-C), In the 
ethanol diet 35% of the calories as ethanol isoenergetically replaced dextrin. The group mean body weights were not 
different at the end of 6 weeks. The left ventricles of both swimming groups showed similar gains in weight, 13% for the 
ethanol and 15% for the control. Mitochondrial respiration in the ethanol groups showed a significant depression across 
substrates and across both populations of mitochondria (subsarcolemmal and intermyofibrillar). The swimming-ethanol 
interaction in the SWM-E group caused an atrophy of the gastrocnemius-plantaris muscle as evidenced by the 13% loss in 
weight of the muscle. We conclude that chronic ingestion of ethanol will suppress mitochondrial respiration in sedentary 
and swimming exercised rats, but will not suppress cardiac hypertrophy in the swimming exercised rats. Muscles that are 
not chronically overloaded by swimming, such as the gastrocnemius-plantaris muscles will undergo atrophy during the 
swimming protocol of 6 weeks. 

Ethanol Swimming Cardiac mass Mitochondrial function 

CHRONIC ethanol consumption has been shown to affect 
the heart [20, 24, 25, 26] as well as the liver [2,3]. In 8 weeks,  
muscles from rats consuming 25 percent of  calories as 
ethanol demonstrated a reduc t ion  in maximal rate of  isomet- 
ric tension, maximal developed tension, velocity of  shorten- 
ing at zero load and mitochondrial respiration. In addition, 
acetaldehyde,  a by-product  of  ethanol oxidation, inhibited 
protein synthesis in the heart [18, 19, 22]. 

In contrast,  swimming for 8 to 10 weeks enhanced con- 
tractile performance in the left ventricle of  the rat [21] and 
resulted in increased peak systolic pressure and maximal de- 
veloped tension. Mitochondrial respiration has not increased 
in response to swimming regimes [14]. The large aerobic 
capacity in untrained rats is apparently sufficient to meet the 
metabolic demands imposed by a swimming program. How 
much this aerobic capacity must be reduced for a swimming 
regime to become an overload on the heart is not known. 

Recently Palmer et al. [17] devised a method for fraction- 
ing the cellular mitochondrial  populations of the heart into 
subsarcolemmal and intermyofibrillar regions. Electronmic- 
rographs have shown that the mechanical homogenization 
released the subsarcolemmal mitochondria,  while the inter- 

myofibrillar mitochondria are released only after treating the 
myofibrillar pellet with a protease,  nagarse [16]. The purity 
of  the pellets have been assessed through electronmicro- 
scopic inspection [17], activity of  NADH cytochrome c re- 
ductase [16], lipolitic enzyme activity [16], Na+/K + ATPase 
activity (personal communication), as well as by phos- 
pholipid content of  the membranes contained in the pellets 
[15]. This technique permits a better quantification of altered 
aerobic capacity of  the heart. The subsarcolemmal mito- 
chondria appear  to provide energy for protein synthesis and 
glucose phosphorylation, while the intermyofibrillar mito- 
chondria provide energy for contraction. 

In the present study, we asked several questions: (1) Does 
chronic ethanol consumption reduce mitochondrial respira- 
tion in both populations of cardiac mitochondria? (2) Does 
swimming enhance mitochondrial function within regions of  
cardiac cells that may have been masked by considering the 
mitochondria as one population? (3) Is there an interaction 
between swimming and ethanol consumption that might 
offset the ethanol-induced reduction in respiration of the 
mitochondria? (4) Does the reduced respiration produced by 
ethanol prevent rats from completing a swimming training 
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program? (5) Is part  of  the damage observed in cardiac 
mitochondria of ethanol treated animals [24] due to dietary 
insufficiency? 

METHOD 

Animals 

Female Sprague-Dawley rats with an initial mean weight 
of 225_+8 g were divided into four groups; sedentary control 
(SED-C), N=8;  sedentary-ethanol (SED-E), N=8;  swim 
control (SWM-C), N=12;  and swim-ethanol (SWM-E), 
N =  12. They were individually housed in stainless steel wire 
mesh bot tom cages in an animal facility maintained at 22°C 
with alternating 12 hours of  dark/light cycle. The animals 
were weighed and food consumption was measured daily. 

Swimming 

The rats swam in plastic barrels filled to a depth of ap- 
proximately 36 inches. The water temperature was 35°C and 
the rats swam in groups of  6. The animals swam at approx- 
imately 8 a.m.,  6 days/week. The swimming time increased 
from 15 min/day on the first day to 2 hrs/day during the 6th 
week. 

Diet 

Diets were formulated that met American Institute of Nu- 
trition recommendations [1]. The liquid diets contained 35 
percent of  energy as ethanol; control diets contained 
isoenergetic amounts of  dextrin. Diets were made fresh daily 
by the procedure of Miller et al. [13] and offered ad lib to all 
groups. Ethanol tolerance and withdrawal have been 
demonstrated with this formulation [13]. 

Tissue Preparation 

The rats were anesthetized with an intraperitoneal injec- 
tion of 50 mg/kg of sodium pentobarbital ,  the chest cavity 
was opened and the heart was removed. The heart was 
placed into a beaker  containing ice cold solution B (220 mM 
mannitol, 70 mM sucrose, 10 mM MOPS (3-[N- 
Morpholino]propanesulfonic acid), pH 7.4, 1 mM EGTA 
(ethyleneglycolbis (B-amino-ethyl ether) N, Nl-tetracetic 
acid) and 0.2% BSA (Bovine serum albumin, fraction V). All 
subsequent procedures were carried out in a Sherer en- 
vironmental chamber maintained at 2-4°C. The atria, aorta, 
and right ventricle were removed from the left ventricle. The 
left ventricle was cut in half vertically, blotted dry, and 
weighed. The ventricle was placed into 10 v/w of  solution B 
and the tissue finely minced with scissors. The ventricles 
were then homogenized for 15 seconds with a Brinkman 
polytron ST-20 at 5500 rpm and the two populations of 
mitochondria were isolated according to the procedure of 
Palmer et al. [16]. The mitochondria were washed twice in 
solution D (100 mM KCI, 50 mM MOPS pH 7.4, 0.2% BSA 
and 1 mM EGTA) and resuspended in 0.5 ml of solution D. 
the gastrocnemius-plantaris muscles were excised from the 
animals, gleaned of connective tissue and fat, blotted dry and 
weighed 

Mitochondrial Respiration 

The oxygen consumption was measured polargraphically 
by a YSI oxygen electrode in a water-jacketed reaction ves- 
sel maintained at 30°C by a Haake water bath. The oxygen 
electrode solution consisted of 250 mM sucrose, 10 mM 

TABLE 1 
BODY, HEART, AND GASTROCNEMIUS-PLANTARIS WEIGHTS AT 

END OF THE STUDY 

Gastrocnemius- 
Body (g)* Heart (mg) Plantaris (g) 

SED-C (N=8) 276+_15.5 540.0+_27.8 3.31-+0.27 
SED-E (N=6) 289.3+_ 8.4 555.0_+42.8 3.45+_0.24 
SWM-C (N=l l )  278.4+_14.6 620.9_+63.5* 3.41_+0.38 
SWM-E (N=9) 281.3_+10.8 627.8_+40.6* 3.03+_0.23t 

*Beginning body weights were 225+_8 g. Values are expressed as 
the group means+_the standard deviation. 

*Significantly different from sedentary groups at (p <0.001) level. 
tSignificantly different from all other groups at (p<0.01) level. 

Tris-HCl, pH 7.4, and 6 mM K2HOPa. The substrates were in 
a final concentration of 16.7 mM pyruvate and 1.67 mM ma- 
late, 16.7 mM glutamate, or 16.7 mM succinate. State 3 re- 
spiration was initiated with 300/zmoles of ADP. 

Protein Determination 

Protein concentration was 
method of  Gornall et al. [6]. 

determined by the biuret 

Blood Ethanol 

Blood ethanol concentrations on the last week of the ex- 
periment were determined on samples taken from the 
SWM-E group 3, 6, 12, and 22 hours following swimming and 
at the same time of  day for the SED-E group during the last 
week of the experiment.  Blood was drawn into 60 uL 
heparinized tubes and placed in stoppered vials, and kept in 
a freezer until they were measured. The concentration of  
ethanol was measured on a Perkin Elmer F40 gas 
chromotograph by the method of Erickson et al. [4]. 

Statisitcs 

The data were analyzed using 2 way analysis of variance. 

RESULTS 

Body Weight 

As shown in Table 1, final body weights of all animals 
were greater than initial weights. Differences between 
groups were not significant. 

Heart Weight 

The heart  weights (Table l) of both SWM-E and SWM-C 
groups showed significant hypertrophy (p<0.0002). 

Gastrocnernius-Plantaris Weight 

The combined gastrocnemius-plantaris muscle weights 
were significantly lower (p<0.01) in the SWM-E group than 
in the other 3 groups. These 3 groups were nonsignificantly 
different from one another. 

Mitochondrial Respiration 

The respiration of both populations of mitochondria 
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TABLE 2 

OXYGEN CONSUMPTION OF TWO POPULATIONS OF CARDIAC 
MITOCHONDRIA WITH DIFFERENT SUBSTRATES 

Pyruvate- 
Malate Succinate Glutamate 

SED-C (N=8) 
subsarcolemmal 180.1_+55.4 * 246.1_+95.9" 132.6_+50.3" 
intermyofibrillar 204.3_+29.4* 297.1_+36.4" 164.2_+43.4" 

SED-E (N=6) 
subsarcolemmal 90.9_+ 12.0 122.4_+ 19.5 60.9_+ 12.5 
intermyofibrillar 95.4_+34.3 163.4_+46.1 88.6_+30.9 

SWM-C (N = 11) 
subsarcolemmal 145.6_+40.5" 204.8_+69.4* 121.8_+39.9 * 
intermyofibrillar 166.5_+43.2" 236.7_+27.8 151.5_+54.4" 

SWM-E (N =9) 
subsarcolemmal 106.6-+24.8 131.5_+41.2 63.2_+ 13.5 
intermyofibrillar 119.5_+32.0 175.3_+56.6 102.8_+41.9 

Values are for state 3 respiration expressed in ng atoms • mg -1 mitochondrial 
protein - min 1. 

• Significantly different from the ethanol groups at the (p<0.001) level. 

0 
3 ,s 

m o 

8~ 

lfi 

14 

11 

10 

. . . . . .  SED-E (N=8) 

SWM-E ( N = 1 2 )  _ _ ~  

£1 ±"i 1 

1 2 8 4 5 6 

Week 

FIG. 1. Ethanol consumption The mean values are expressed as g • 
of ethanol/kg • of body weight-+S.D. 

across substrates was significantly (p<0.0001) depressed in 
the ethanol treated animals (Table 2). The intermyofibrillar 
mitochondria had a significantly (p<0.001) higher state 3 re- 
spiration across groups when compared to the subsarcolem- 

mal mitochondria in the same group. This is consistent with 
the original findings of Palmer et al. [17]. Swimming did not 
enhance respiration in either mitochondrial population in the 
SWM-C group. Swimming did not significantly protect either 
mitochondrial population from the depressing effects of 
ethanol consumption upon respiration with all substrates. 

Dietary Intake 

As can be seen from Fig. 1 the ethanol consumption in- 
creased for the trained animals from week one to week five 
and then fell slightly. The sedentary animals showed a fairly 
consistent intake over the six week period. 

Ethanol Consumption and Blood Ethanol Levels 

The ethanol consumption and blood ethanol levels were 
determined on the SWM-E animals at three, six, twelve, and 
twenty-two hours after swimming during the last week of the 
experiment. The time of sampling was noon, 3 p.m., 9 p.m., 
and 7 a.m.. The consumption pattern revealed that the rats 
ate 5 g of ethanol/kg body weight at night from 9 p.m. to 7 
a.m. and 4 g of ethanol/kg between 3 p.m. and 9 p.m. During 
these periods of greatest ethanol consumption and blood 
levels were only 75 mg/dl and 100 mg/dl. Following the 2 
hours of swimming, the rats consumed 2.5 g of ethanol/kg 
and the blood ethanol levels were the highest of any time 
during the day, 162 mg/dl. 

DISCUSSION 

The depressing effect that ethanol has upon mitochondrial 
respiration is consistent with previous literature dealing with 
cardiac mitochondria [24,25]. In the present study the res- 
piratory control ratios and P:O ratios were not significantly 
different in the ethanol treated groups, thus mitochondria 
appear to be tightly coupled, but unable to carry out oxida- 
tive phosphorylation as rapidly. Recent changes in diet have 
been shown to effect the heart mitochondrial membrane 
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s t ruc tu re  [8] and  mi tochondr i a l  A T P a s e  ac t iv i ty  [7]. E thano l ,  
in addi t ion  to a l te r ing  mi tochondr i a l  m e m b r a n e  compos i t i on  
in l iver  [23] e f fec ted  the  ra t  of  ox ida t ive  p h o s p h o r y l a t i o n  for  
all subs t r a t e s  measu red .  W h e t h e r  ch ron ic  e thano l  c o n s u m p -  
t ion  causes  a l t e ra t ions  in card iac  m i t o c h o n d r i a l  m e m b r a n e s  
tha t  would  m a k e  t h e m  more  suscep t ib le  to d a m a g e  dur ing  
isola t ion  is no t  k n o w n .  Tha t  ra ts  on  e t hano l  were  able  to  
swim for  up  to 2 hous  pe r  day  ut i l iz ing on ly  50 pe r cen t  of  the  
r e sp i r a to ry  capac i ty  of  the  hea r t ,  as d e t e r m i n e d  f rom iso- 
la ted  m i t o c h o n d r i a l  resp i ra t ion ,  is surpr is ing.  It  was  t hough t  
tha t  swimming  would  a t t e n u a t e  the  dec l ine  in r e sp i r a to ry  
capac i ty  pe r  mg of  m i t o c h o n d r i a l  p ro te in  or  induce  the  syn- 
thes i s  of  more  m i t o c h o n d r i a l  p ro te in .  

The  ca rd iac  h y p e r t r o p h y  tha t  r e su l t ed  in the  S W M - E  
group  is also s ignif icant ,  in l ight of  the  d e p r e s s e d  r e sp i r a to ry  
capac i ty  of  the  hea r t  coup led  wi th  the  inhib i t ion  of  p ro te in  
syn thes i s  by e thano l  and  its b y p r o d u c t s .  An  a l te red  e thano l  
ca t abo l i sm in the  S W M - E  animals ,  as s een  f rom lower  b lood  
e thano l  levels  wi th  h igher  e thanol  c o n s u m p t i o n  may  al low 
for  a g rea te r  ra te  of  syn thes i s .  Whi le  e thano l  is pr imar i ly  
me tabo l i zed  in the  l iver,  an  e l eva t ed  c a t a b o l i s m  of  e thano l  
would  r educe  the  de le te r ious  effects  t h r o u g h o u t  the  body .  
The  vo lume  o v e r l o a d  on  the  hear t  p r o d u c e d  by  swimming ,  
h o w e v e r ,  may  be  suff ic ient  to induce  this  h y p e r t r o p h y  

w h e t h e r  e thano l  and  its by -p roduc t s  are p re sen t  or  not ,  as 
was  the  case  wi th  aor t ic  s tenos i s  [26]. 

The  diet  used  in this  s tudy  was offered ad l ib i tum to all 
g roups  and  all g roups  had  no rma l  weigh t  gain.  This  is in 
c o n t r a s t  to  m a n y  diets  and  means  of  admin i s t e r ing  e thanol  
tha t  have  resul ted in weight  loss in sedentary  animals  [17, 20, 
26]. E v e n  the  energy and nutr i t ional  needs  of  the rats  swimming 
up to 2 hours  on the  e thanol  diet appea r  to be met ,  
a l though the gas t rocnemius-p lantar i s  muscles  a t rophied.  This  
loss  in musc le  mass  dur ing  the  6 weeks  o f  swimming  may  
ref lect  e l eva t ed  co r t i co s t e rone  levels  due to chron ic  e thanol  
c o n s u m p t i o n  [11] coupled  wi th  p ro te in  ca t abo l i sm dur ing  
exerc i se  [5]. 

The  f indings  of  this  s tudy  sugges t  tha t  while  swimming  
may  a l te r  the  ca t abo l i sm of  e thano l  in the  diet  and induce  
card iac  h y p e r t r o p h y  it is unab le  to offset  the  dep res s ion  in 
resp i ra t ion  m e a s u r e d  in card iac  mi tochondr i a .  W h e t h e r  this  
d e p r e s s i o n  in resp i ra t ion  m e a s u r e d  in vi t ro  ref lects  the  in 
v ivo  cond i t ion  is yet  to be  de t e rmined .  
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