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Dietary Fat Type and Regular Exercise Affect Mitochondrial
Composition and Function Depending on Specific Tissue
in the Rat
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Physical exercise and fatty acids have been studied in relation to mitochondrial composition and
function in rat liver, heart, and skeletal muscle. Male rats were divided into two groups according
to dietary fat type (virgin olive and sunflower oils). One-half of the animals from each group were

subjected to a submaximal exercise for 8 weeks; the other half acted as sedentary controls. Coenzyme

Q, cytochrome®, ¢ + ¢;, a + az concentrations, and the activity of cytochromexidase were de-
termined. Regular exercise increas@d< 0.05) the concentration of the above-mentioned elements
and the activity of the cytochronteoxidase by roughly 50% in liver and skeletal muscle. In contrast,
physical exercise decreasdd & 0.05) cytochromes oxidase activity in the heart (inmol/min/g,

from 84+ 0.1t0 49+ 0.1 in virgin olive oil group and from & & 0.1 to 6.7 & 0.2 in sunflower oil
animals). Dietary fat type raised the levels of coenzyme Q, cytochromes, and cytoahooidase
activity in skeletal muscleR < 0.05) among the rats fed sunflower oil. In conclusion, dietary fat
type, regular exercise, and the specific tissue modulate composition and function of rat mitochondria.

KEY WORDS: Virgin olive oil; sunflower oil; cytochrome oxidase; cytochromes; coenzyme Q.

INTRODUCTION (Huertaset al, 1992a; Robinsoret al, 1994), heart
(Farrell et al, 1991; Paulsoret al, 1987), and white
To fulfill the energetic requirements of physical ex- adipose tissue (Stallknech#t al, 1991), in fishes,
ercise, increased aerobic capacity and M5 of active rats and humans (Farredit al, 1991; Huertaset al,
muscle is needed (Robinsehal, 1994). This is directly 1992b; Kolok, 1992; Paulsort al., 1987; Stallknecht
related with greater @©delivery (cardiac output), but also et al, 1991). Some of the effects found have been
with the augmented ability of the muscle to utilize agreater related to changes in the number, volume, and distri-
fraction of the Q delivered (Saltin and Gollnick, 1983).  bution of mitochondria (Papa, 1996; Stallknedttal.,
Factors affecting the use of the @eliveredincludeanen-  1991), increased activity in certain enzymes of the
riched capillary network, an increased myoglobin concen- tricarboxylic acid cycle, fatty acid transport, and in
tration of the myocyte, and changes at the mitochondrial some of the respiratory-chain enzymes (Huegasl,
level (Robinsoret al,, 1994). 1992a). Moreover, it has been found that, at least in the
The role of mitochondria in relation to exercise has rat, the growth in electron-transport capacity is a specific
been studied in different tissues, such as skeletal musclerequisite to support the increase in the muscle;¥Q
resulting from physical exertion (Robinsehal., 1994).
- Adaptations of electron transport system in relation
LInstitute of Nutrition and Food Technology, Department of Physiology, to dietary fat type have been widely reported (Huertas
, University of Granada, C/Ramn'y Cajal 4, 18071 Granada, Spain. gt g|, 19914; Innis and Clandinin, 1981; McMilliet al.,
:Snc;slnétiteAs;I)Br:(;(’:T;rlr;stry, Faculty of Medicine, University of Ancona, 1992 Yamaokaet al, 1988, 1990). The importance
370 whom correspondence should be addressed at email: jlquiles@ Of fatty acids resides in the finding that mitochondrial
goliat.ugr.es membranes adapt their lipid composition to dietary fat
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(Charnocket al, 1992; Gironet al, 1992; Periaget al,, Table I. Fatty Acid Composition of the Experimental Diets
1988; Quileset al,, 1999). In this sense, Yamaoka al.
(1988) have reported that fatty acid composition of heart

Fatty acid composition Virgin olive oil (%) Sunflower oil (%)

mitochondria in rats drastically changed after sardine 16:0 11.32 7.19
oil ingestion. These mitochondria showed diminished 16:1 (-9) 0.11 0.02
respiratory function due to a lower cytochromeoxi- 16:1 (-7) 0.84 0.19
dase (CCO) activity. Similarly, we previously reported 125(1) 09) 72':1”;‘ 3‘2"82
changes in liver mitochondrial CCO after treatment with ;5.5 0-6) 764 5426
adriamycin in rats fed a diet based on olive or corn oil 1g:3 (-3) 061 0.10
(Huertaset al,, 1991b). Furthermore, it has been reported Total saturated 16.02 12.93
how other fatty acids alter mitochondrial function in Total unsaturated 83.98 87.07
Total monounsaturated 75.06 32.29

different organisms and tissues (Barzagtial., 1994;
McMillin et al,, 1992; Stillwellet al., 1997). In addition,
an interaction between fatty acids and genes has recently
been credited with determining mitochondrial function

(Kim and Berdanier, 1998). week, all rats were fed a unpurified diet and subjected

_ Inlightofthese previous studies, we studied the inter- y, 44iy treadmill exercise at a speed of 15 m/min, for
actions between regular exercise (training) and dietary fat 15 min. Only the rats able to run on the treadmill without

type in relation to mitochondrial composition and function requiring any external stimuli were chosen at the end of

'k? rats. In adkdlltlonl, we C(I)m?areﬁ the responses of I|\r/]er, this selection period (about 35% of the initial animals).
eart, and skeletal muscle, for three reasons. First, these ¢ selected rats were randomly assigned to four

tissues serve dlf_fere_nt roles during exeruse,_l.e., the _acuvegroups and fed semisynthetic and isoenergetic diets
skeletal muscle is directly related to locomotive functions, composed of (in g/kg of diet): 267 casein, 135.3 starch,

the heart controls cardiac output (related tod@liver), 453 5,crose, 80 edible oil, 37 mineral supplement, 10 vita-
and the liver increases many of its metabolic functions. i supplement, 1.8 cellulose, 0.9 choline, 3 methionine.

Seco_nd, recent studies _in our laboratory de_:mon_strate thalgne half of the rats received virgin olive oil (V) and half
physical exercise may influence the way in which fatty qnfoer o (S) as the dietary lipids (Table I). Each di-

acid composition of m_itochondrial membranes in di_ffer- etary group was further divided into sedentary (no exer-
ent organs adapt to dietary fat (Quilesal, 1999). Fi-  qjse) and exercised (as described below). Thus, the groups

nally, little mfr(])rm:;\]tmn ;15 avliul;a\bk? conceirnmg.the ek\]/en_ts  were as follow: VS, virgin olive oil sedentary animals; VE,
in tissues other than the skeletal muscle during physical i qin glive oil exercised animals; SS, sunflower oil seden-
exercise. The rationale of the use of the two different oils tary animals, and SE, sunflower oil exercised animals.

differing in their unsaturation degree (virgin olive oil, rich The exercised animals (VE and SE) underwent regu-

in monounsaturated fatty acids and sunflower oil, rich in |5 sassions of exercise on a horizontal treadmill through-
polyunsaturated fatty acids) is based on evidences sug-,;; the g experimental weeks: the first 2 weeks, the rats

gesting that changes in the fat of the diet alter mitochon- were exercised 5 days/week, once per day at a steadily
drial membrane properties. Moreover, these oils are two increasing rate until running 40 min/days at a 35 m/min
of the most frequently used fat sources in Europe and speed. These conditions, equivalent to 65 to 70% of the
additional studies are needed to clarify some of the bene—VOZmaX (Amstronget al, 1983) were maintained over the
ficial properties attributed to the olive oil in the so-called remaining 6 weeks. Average intake for each group was
Mediterranean Diet. monitored daily. The Ethical Committee of the Spanish
Interministerial Commission of Science and Technology
approved the different protocols used in this experiment.

Total polyunsaturated 8.92 54.78

MATERIALS AND METHODS

Experimental Protocol
Sample Analysis
Male Wistar rats, initially weighing 80 to 90 g, gr-
ouped 10 per cage, were maintained on a 12 h light/12 h Before decapitation, the rats were weighed. Liver,
darkness cycle, with free access to food and water. The heart, and skeletal musclesstus lateraliswere removed,
study lasted 9 weeks (the first for animal selection fol- carefully weighed, and their mitochondria isolated ac-
lowed by 8 experimental weeks). During the selection cording to Fleischeet al. (1979). Blood was collected
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into EDTA-coated tubes, plasma was separated by cen-

trifugation at 1750x g for 10 min and plasma levels
of triglycerides were measured by enzymic colorimetric
methods using commercial kits (Boehringer Mannheim,
Germany).

The concentration of mitochondrial cytochrome-
c1, b, anda + a3 was evaluated by differential spectra
in a A16-Perkin Elmer double-beam spectrophotometer
according to Vanneste (1966) and Nicholls (1976). Ex-
actly 200 ul of sodium deoxycholate 10% (w/v) plus
the sample (the equivalent volume to 2 mg of mitochon-
drial protein), together with KkEPO, 7 mM until a final
volume of 1.7 ml, were gently mixed in a spectropho-
tometer cuvette. After 1l of 20 mM potassium fer-
ricyanide were added to the mix, to allow the total oxi-
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total coenzyme Q as oxidized CoQ, samples were treated
with 1,4-benzoquinone (2 mg/ml); CoQ was then assayed.
Thus, the results showed here are the total amount of coen-
zyme Q. The concentration of mitochondrial protein in
liver, heart, and skeletal muscle was assayed according
to Lowry et al. (1951) using bovine serum albumin as a
standard.

The fatty acid profile of mitochondrial membranes
was measured by gas liquid chromatography as described
by Lepage and Roy (1986). Briefly, 20 of sample were
precisely weighed in glass tubes and dissolved in 2 ml of
methanol/benzene (4:1, viv);/ &M of BHT were added
to the samples as antioxidant. After 200 of acetyl
chloride were slowly added, the tubes were closed and
subjected to methanolysis at P@for 1 h. After tubes

dation of the cytochromes, the oxidized spectra betweenwere cooled in water, 5 ml of 0.43 MICO; solution was

650 and 500 nm was recorded. Afterward, 2@ of

slowly added to stop the reaction and neutralize the mix-

sodium dithionite were added to reduce the cytochromesture. The tubes were then shaken and centrifuged. The
completely, acquiring again the spectra between 650 andbenzene upper phase was removed and transferred to an-
500 nm. The differential spectra (reduced minus oxi- other glass tube to be dried under nitrogen and resus-
dized) were recorded to calculate the concentration of pended to 10Qul with hexane. A gas-liquid chromato-
cytochromes, using the following extinction coefficients: graph Model HP-5890 Series Il (Hewlett Packard, Palo

ecrc1(Asso—Asa0) = 20 MM cmL; ep(Ase—As7s) =
25 MMt em; eay a3(Asos—As30) = 24 mM~t ecm L,
Cytochromec oxidase activity was assayed at'25
using cytochrome (90 «M; in 10 mM Tris) reduced by
sodium dithionite. After reduction, cytochrormevas pu-
rified in a Sephadex G-25 column (Battiet al., 1986;
Degli Espostiet al. and Lenaz, 1982), so that the ratio

Alto, CA) equipped with a flame ionization detector was
used to analyze the fatty acids as methyl esters. Chro-
matography was performed using a 60-m long capillary
column; 32-mm id and 20-mm thickness, impregnated
with Sp 2330M FS (Supelco Inc. Bellefonte, Palo Alto,
CA). The injector and the detector were each maintained
at 275C; nitrogen was used as carrier gas and the splitra-

between the extinction at 500 and 565 nm was betweentio was 29:1. Temperature programming was as follows:

8 and 10. Cytochromewas then mixed with 10 mM Tris,
50 mM KCI, 1 mM EDTA, and added with 0.3 mg/ml
of antimicin A. Samples were poured into the cuvette

and mixed, monitoring the absorbance decrease of cy-

tochromec upon oxidation at 417—409 nm every 10 s for
2 min; the extinction coefficient used for cytochrooweas
40.7 mM! cm™! (Battinoet al., 1986).

After extraction with methanol and light petroleum,
according to the method of Lang and Packer (1987), mi-
tochondrial coenzyme Q (CoQ) homologs (coenzyrnge Q
and coenzyme €, that are present in the ratin an approx-

imate ratio of 10:1) were determined by reversed-phase

HPLC using a Spherisorb S5 ODS1 (Merck, Darmnstadt,
Germany) column and ethanol:purified water 97:3 (v/v) as
mobile phase. The HPLC system was a Beckman in-line
Diode Array Detector; model 168 (Fullerton, CA) con-
nected to a Water (Milford, MA) 717 plus autosampler.

Determinations were done at 275 nm. Coenzyme Q ho-

mologs were identified by predetermining the retention

initial temperature, 8@C, 15C/min to 165C, 3*C/min to
211°C, hold 10 min.

All chemical products and solvents, of the highest
quality available, were acquired from Sigma (St. Louis,
MO) and Merck (Darmstadt, Germany). The homolog of
coenzyme Q (CoQ) were courtesy of Eisai Co (Tokyo,
Japan). Virgin olive oil and sunflower oil were kindly pro-
vided by Coosur S.A. (Jaen, Spain).

Statistical Analysis

The results represent the mean and the standard error
of 6 (VS) or 8 (VE, SS, and SE) animals. Except for the
lipid profile (expressed in terms of percentage), results are
referred per gram of wet tissue. A two-way ANOVA was
used to analyze effects of dietary fat and physical activity
on each variable. Effects were considered significant at
P < 0.05. Prior to any statistical analysis, all variables

times of individual standards and the sums of both ho- were checked for normal and homogeneous variance using
mologs were expressed as total CoQ. In order to assaythe Levene test.
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RESULTS

Food Intake, Rat Weight, and
Mitochondrial-Protein Content

Dietary intake did not vary significantly among

Quileset al.

Mitochondrial-Lipid Profiles

Figure 2 shows the proportions of the major lipid
groups from the mitochondrial membranes. For the sat-
urated fraction (Fig. 2A), neither dietary fat nor physical
exercise altered the relative proportions of these fatty acids

groups and at the end of the experiments the weight of for any of the groups studied. For both dietary treatments,
the liver, heart, and skeletal muscle were not affected the levels of saturated fatty acids were similar. In terms
by experimental treatments (data not shown). Body of monounsaturated fatty acids (MUFA,; Fig. 2B), rats fed
weight was similar for all the groups at the beginning on virgin olive oil had higher levels than those fed on sun-
of the study, but at the end of the experimental time, flower oil. On the other hand, regular exercise decreased
sedentary animals had a significantly higher weight the MUFA levels in the liver. For the polyunsaturated fatty
than rats subjected to physical training (3% 7.2 and acids (-6) (PUFAN-6) (Fig. 2C), sunflower oil-fed rats had
3181+ 9.1, respectively,P < 0.05). According to the higher levels than did those fed virgin olive oil, and the lev-
two-way ANOVA analysis, the weight-gain effect was a els of PUFAN-6 increased in the liver of all the exercised
consequence of physical exercise. animals compared with sedentary controls.

Mitochondrial—protein content (Fig. 1) in the liver
was higher for all the exercised groups, with no differ- Coenzyme Q and Cytochromes Composition
ences between dietary treatments, either for sedentary or
for exercised groups. Regarding the heart, exercise in- Coenzyme Q (Fig. 3) in the liver was affected by
creased mitochondrial protein in the olive oil group, but physical exercise but not by dietary fat. All exercised ani-
had no effect on the sunflower groups. The sedentary mals registered higher values than did sedentary animals.
groups registered no differences between dietary treat-Diet and the interaction between diet and regular exercise
ments. For skeletal muscle, the rats fed sunflower oil had affected CoQ levels in the heart, this effect being similar in
higher mitochondrial—protein content than did those fed sedentary and exercised animals. In skeletal muscle, phys-
virgin olive oil, both at rest and after exercise. Two-way ical exercise increased CoQ levels with both diets, and the
ANOVA analysis confirmed that diet had no effecton liver sunflower-oil group had higher values of CoQ than did
and heart mitochondrial protein, while exercise affected the virgin-olive oil groups for each state of activity. Diet,
liver and skeletal muscle values. exercise, and diet plus exercise influenced muscle CoQ.

With respect to cytochromé (Fig. 4A), in liver,
exercised groups had higher concentrations than did the
sedentary groups. No differences appeared between di-
etary treatments and only exercise was attributable to
the changes found. In the heart, no changes were found
between sedentary and exercised rats; dietary treatment
led to differences between exercised animals, with higher
amounts of cytochromefor the sunflower group. In skele-
tal muscle, diet, exercise, and the interaction between both
factors changed the cytochrofmeoncentration. Exercise
and sunflower oil resulted in higher levels than did olive
oil and the sedentary condition.

Figure 4B shows the concentrations of cytochromes
¢ + ¢;. In liver, regular exercise led to increased values.
The rats fed virgin olive oil had higher amounts than did
the rats fed sunflower oil, both for sedentary and exercised
groups. Both factors (dietary fat type and regular exercise)
affected the cytochrome+ ¢; content, according to the
two-way ANOVA. In heart, no differences were found
between the four experimental groups. In skeletal muscle,
physical exercise had no effect. Sunflower oil led to higher
amounts of cytochromes + ¢; both in sedentary and
exercised animals.
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Fig. 1. Effects of physical exercise and dietary fat on mitochondrial
protein content in liver, heart, and skeletal muscle mitochondrial mem-
branes of rats. Group abbreviations: VS, virgin olive oil-fed and seden-
tary rats; VE, virgin olive oil-fed and exercised rats; SS, sunflower
oil-fed and sedentary rats; SE, sunflower oil-fed and exercised rats. Val-
ues are means S.E. For each tissue, values labeled with different letters
are significantly different® < 0.05). A two-way ANOVA analysis was
performed for fat (F), exercise (E), and the interaction between fat and
exercise (Fx E) effects. Significant effectd( < 0.05) are noted by S
and nonsignificant ones by NS. For liver: F, NS; E, St E, NS. For
heart: F, NS; E, NS; k E, S. For skeletal muscle: F, S; E, SxFE, NS.
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Fig. 2. Effects of physical exercise and dietary fat on (A) saturated fatty
acid (SFA), (B) monounsaturated fatty acid (MUFA), and (C) polyun-
saturateah-6 fatty acid (PUFAN-6) profiles in mitochondrial membranes
of liver, heart, and skeletal muscle of rats. Group abbreviations: VS,
virgin olive oil-fed and sedentary rats; VE, virgin olive oil-fed and ex-
ercised rats; SS, sunflower oil-fed and sedentary rats; SE, sunflower oil-
fed and exercised rats. Values are mearfS.E. For each lipid fraction
and tissue, values labeled with different letters are significantly different
(P < 0.05). A two-way ANOVA analysis was performed for fat (F), ex-
ercise (E), and the interaction between fat and exerciseH}-effects.
Significant effectsP < 0.05) are noted by S and nonsignificant ones by
NS. For SFA, in liver: F, NS; E, NS; k E, NS. In heart: F, NS; E, NS;

F x E, NS. In skeletal muscle: F, S; E, SKFE, NS. For MUFA, in liver:

F, S;E, S; Fx E,NS. Inheart: F, S; E, S; KE, NS. In skeletal muscle:

F, S; E, S; Fx E, NS. For PUFAN-6, in liver: F, S; E, S; ¥E, NS. In
heart: F, S; E, NS; Kk E, NS. In skeletal muscle: F, S; E, NSxFE, S.
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Cytochromesa + az concentrations are shown in
Fig.4C. Inliver, exercised animals showed higheramounts
than did sedentary groups, for both experimental diets. No
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Fig. 3. Effects of physical exercise and dietary fat on coenzyme Q (sum
of coenzyme @ plus coenzyme ¢) concentration in liver, heart, and
skeletal muscle mitochondrial membranes of rats. Group abbreviations:
VS, virgin olive oil-fed and sedentary rats; VE, virgin olive oil-fed and
exercised rats; SS, sunflower oil-fed and sedentary rats; SE, sunflower
oil-fed and exercised rats. Values are mearsE. For eachtissue, values
labeled with different letters are significantly differed® & 0.05). A
two-way ANOVA analysis was performed for fat (F), exercise (E), and the
interaction between fat and exercisex[E) effects. Significant effects

(P < 0.05) are noted by S and nonsignificant ones by NS. For liver: F,
NS; E, S; Fx E,NS. Forheart: F, S; E, NS;¥E, S. For skeletal muscle:
F,S;E,S; < E,S.

exercise, but not dietary fat type, affected liver levels of
cytochromesa + az. In heart, no differences were found
between the four experimental groups. In muscle, diet,
exercise, and their interactions affected cytochromeés

a3 levels. Exercised animals had higher amounts than did
sedentary groups, but, at the same time, for a similar ac-
tivity, sunflower oil led to higher values than did virgin
olive oil.

Cytochrome ¢ Oxidase (CCO) Activity

For CCO activity (Fig. 5) in liver, physical exercise
increased the activity of this enzyme with both dietary
treatments. No differences were found between diets
and physical exercise was the only factor responsible
for changes in CCO activity in liver. In heart, there was
decreased in activity after physical exercise with both
dietary treatments. No differences were found to be due
to diet. For skeletal muscle, diet, exercise, and diet plus
exercise interaction affected CCO activity. The highest
values were found in exercised animals fed sunflower oil,
whereas the lowest concentration belonged to sedentary
animals fed virgin olive oil.

DISCUSSION

The present experiment was designed to ascertain the

differences appeared between dietary treatments. Physicalnteractions between regular exercise and dietary fat type
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Fig. 4. Effects of physical exercise and dietary fat on (A) cytochrome
b, (B) cytochromec + ¢4, and (C) cytochrome + az concentrations

in mitochondrial membranes of liver, heart, and skeletal muscle of rats.
Group abbreviations: VS, virgin olive oil-fed and sedentary rats; VE,
virgin olive oil-fed and exercised rats; SS, sunflower oil-fed and seden-
tary rats; SE, sunflower oil-fed and exercised rats. Values are means
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Fig. 5. Effects of physical exercise and dietary fat on cytochrane
oxidase activity in liver, heart, and skeletal muscle mitochondrial mem-
branes of rats. Group abbreviations: VS, virgin olive oil-fed and seden-
tary rats; VE, virgin olive oil-fed and exercised rats; SS, sunflower oil-
fed and sedentary rats; SE, sunflower oil-fed and exercised rats. Values
are meanst: S.E. For each tissue, values labeled with different letters
are significantly different® < 0.05). A two-way ANOVA analysis was
performed for fat (F), exercise (E), and the interaction between fat and
exercise (Fx E) effects. Significant effects?( < 0.05) are noted by S
and nonsignificant ones by NS. For liver: F, NS; E, & E, NS. For
heart: F, NS; E, S; Ik E, NS. For skeletal muscle: F, S; E, SxFE, S.

changes in the structure of the mitochondrial membrane
(Gollnick and Saltin, 1982; Holloszy and Coyle, 1984).
The molecular mechanism responsible for these events is
related to increased energetic demands determined by the
intensity and duration of the exercise (Robinssinal,,
1994). Moreover, mtDNA is likely to be involved because

it codes for several polypeptides of the complexes I, I,
and IV (Huertaset al, 1992b). In addition, dietary fat in-
duces changes in the mitochondrial membranes (Barzanti
et al, 1994; Huerta®t al, 1991a) In the present study,
we found that regular exercise selectively increased mi-
tochondrial components and functionality only in some
tissues and that such changes were also selectively altered

S.E. For each cytochrome and tissue, values labeled with different letters according to the dietary fat type and tissue.

are significantly different® < 0.05).A two-way ANOVA analysis was

Regarding the adaptation to the diet, the rats adapted

performed for fat (F), exercise (E), and the interaction between fat and the |ipid profile of their mitochondrial membranes to the

exercise (Fx E) effects. Significant effects?( < 0.05) are noted by S
and nonsignificant ones by NS. For cytochromén liver: F, NS; E, S;
Fx E,NS. Inheart: F, S; E, NS; KE, S. In skeletal muscle: F, S; E, S;
F x E, S. For cytochromes+ ¢y, inliver: F, S; E, S; FEx E, S. In heart:
F,NS; E, NS; Fx E, NS. In skeletal muscle: F, S; E, NSxFE, NS. For
cytochromes + ag, in liver: F, NS; E, S; Bx E, NS. In heart: F, NS; E,
NS; Fx E, S. In skeletal muscle: F, S; E, S, S.

in relation to mitochondrial composition and function in
different tissues of rats.

fat type. The saturated fraction was similar for all the
groups, which agrees with the low rate of mobilization
and adaptation to dietary changes of this fraction reported
elsewhere (Charnoadét al, 1992). Rats fed virgin olive
oil had a higher proportion of MUFA than those found
for this fraction among animals fed sunflower oil. On the
contrary, the highest PUEAN-6 concentration was found
in rats fed sunflower oil.

The adaptation to the exercise program appears

Physical exercise is known to change the number of to be satisfactory. The results on body weight show

muscle mitochondria and the levels of some of the ele-

ments involved in the production of energy, thus implying

that all exercised animals had a lower weight gain.
Moreover, sedentary animals showed significantly higher
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plasma triglyceride levels (1909 + 67.75u mol/ml for level of PUFA-6 in sedentary and exercised animals fed
VS group and 3486+ 51.55u mol/ml for SS group) on sunflower oil, it was not possible to find an increased
than in exercised rats (Z8+ 17.39 mol/ml for VE CCO activity in these animals compared with those fed

and 3622+ 14.01 mol/ml for SE). This also suggests virgin olive oil; thus no explanation for the response of
good adaptation to exercise. Similarly, increases in the the liver is possible with the present data.
mitochondrial—protein content (Fig. 1) of the exercised Regarding the different effects of dietary fat type de-
animals agree with these results. pending on the tissue, it should be borne in mind that
With respect to the changes found in the electron correlations between changes in fatty acid composition
transport chain, the results suggest a dependency on thend variations in enzyme activity are difficult. This is be-
diet, the physical activity, and the studied tissue. For liver, cause tissues can accommodate cell membrane compo-
there were no differences for the two diets with respect to sition to the changing status and according to the many
the concentrations of CoQ, the cytochrorbes + c,and possible interactions between the lipid moieties and asso-
a+ ag and for the activity of the enzyme CCO. However, ciated proteins. Thus, although varying dietary-lipid com-
allthese elements and enzymic activity increased approxi- position can alter membrane physicochemical properties
mately twofold in the exercise groups. The response of the through changes in-6:n-3 PUFA, unsaturated indexes,
heart mitochondria to dietary treatment and exercise wasand other compositional features (Stubbs and Smith,
practically unappreciable for CoQ and for the different 1984), animals could slightly preserve such properties re-
cytochromes. This lack of responsiveness to the exercisegardless of the lipid changes (Royce and Holmes, 1984).
is not surprising, since other studies employing treadmill Only a few of the many exercise-induced adaptive
running as a mode of exercise have found no effect on car-changes in biological parameters have been fully mecha-
diac performance (Paulsemal, 1987). Nevertheless, the nistically explained and most of these changes can readily
activity of the heart CCO surprisingly decreased in all the be considered useful for physical activity. In skeletal mus-
exercised animals, despite a similar cytochraame ag cle, the increase in oxidative elements after exercise is as-
content. For muscle, dietary fat affected all cytochromes, sumed to be alocal effect directly caused by the contractile
CoQ, and CCO. In all the cases, rats fed sunflower oil activity (Henrikssoret al, 1982; Stallknechét al., 1991).
showed higher levels than those fed olive oil. Physical ex- However, other tissues that increased working load during
ercise raised the levels of these elements, except in theexercise (i.e., heart) did not show such adaptation. On the
case of cytochromeas+ ¢;, which did not change. other hand, the liver, which is not directly involved in exer-
Changes have been previously reported in muscle cise, increased its mitochondrial oxidative elements. This
mitochondrial oxidative elements after physical exercise fact is noteworthy because liver is subjected to a substan-
and the modulation by dietary fat types (see above) and tial decrease inthe oxygen supply during exercise (Astrand
we found here that both parameters interact according toand Rodahl, 1986); the increase in its mitochondrial ele-
the tissue. However, the following question may arise: ments is directly related neither to the oxygen increase
why do different tissues have such different responses tonor to the contractile activity, as it has been demonstrated
dietary fat type and regular exercise? for muscle (Henrikssomt al, 1982; Asson-Batres and
Yamaokaet al. (1988, 1990) and Huertast al. Hare, 1991). The increase in the mitochondrial elements
(1991b) previously reported that polyunsaturated fat in- may be related to a greater nutrient mobilization and to a
creased the activity of CCO, finding the maximal activity generally accelerated metabolic function of the liver as a
when at least a 75% of the cardiolipin in the mitochon- consequence of exercise. Inthis sense, inthe white adipose
dria was 18:21§-6)/18:2 f-6), as theoretically can hap- tissue of exercised rats, the activity of mitochondrial en-
penin the present study only for sunflower oil fed animals zymes accelerates, probably to satisfy greater energy de-
(Periagcet al,, 1988; Yamaokat al, 1990). Here, only in mands for the lipid mobilization, simultaneously boosting
the muscle was there an apparently direct effect derived the potential for a fast replenishment of triglycerides stores
from the differences in the type of fat. The animals fed between exercise bouts (Stallkneehal, 1991).
sunflower oil reached the highest CCO activity, support- Decreases in CCO in heart mitochondria after ex-
ing the hypothesis of Yamaolet al. (1988, 1990) and  ercise have not been previously reported. Evidence has
Huertaset al. (1991b) concerning the importance of 18:2 emerged describing an opposite response between heart
n-6 based cardiolipin for CCO activity. The lack of effect and other organs for CCO. For example, Kolok (1992),
of dietary fat on heart mitochondrial CCO activity is nor- studying the changes in mitochondrial composition and
mal, given the poor level of adaptation of this organ to the functionality in largemouth bass between summer and
dietary treatment. Despite the high level of adaptation of winter, found that while CCO of liver and skeletal muscle
liver mitochondria to dietary fat and the subsequent high diminished during the summer, the activity of this enzyme



134

Quileset al.

rose over the same period in heart mitochondria; no ex- Giron, M. D., Mataix, J., and Suarez, M. D. (199Zomp. Biochem.

planation was provided for such behavior. In addition, we
found no changes in the other parameters of the elec-
tron transport chain in heart, in accord with other stud-

Physiol.102 197-201.
Gollnick, P., and Saltin, B. (1982Llin. Physiol. Oxford2, 1-12.
Henriksson, J., Galbo, H., and Blomstrand, E. (198®)er. J. Physiol.
242 C272-C277.

ies showing no effect on cardiac performance by the use Holloszy, J. O. and Coyle, E. F. (1984).Appl. Physiol56, 831-838.

of treadmill running as a mode of exercise (Nugeal,,
1981; Paulsoet al,, 1987). We also found that the heartis

poorly adapted to changes in physical activity and dietary

fat (Mataixet al., 1998; Quilest al,, 1999).
From an integrative standpoint, it is worth noting

Huertas, J. R., Battino, M., Lenaz, G., and Mataix, J. (19HBRBS Lett.
287, 89-92.

Huertas, J. R., Battino, M., Mataix, F. J., and Lenaz, G. (19%®ibrhem.
Biophys. Res. Commuib81, 375-382.

Huertas, J. R., Battino, M., Barzanti, V., Maranesi, M., Parenti-Castelli,
G., Littarru, G. P., Turchetto, E., Mataix, F. J.,and Lenaz, G. (1992a).
Life Sci.50, 2111-2118.

the differences between the various tissues in response tdiuertas, R., Campos, Y. 18z, E., Esteban, J., Vechieti, L., Montanari,

physical exercise and dietary treatment, with regard to the

G., D’lddio, S., Corsi, M., and Arenas, J. (1992Bjochem. Bio-
phys. Res. Commuh88 102-107.

content of CoQ, cytochromes, and, in particular, the CCO Innis, S. M. and Clandinin, M. T. (1981Riochem. J193 155-167.
activity. In this sense, the evidence for CCO isoforms has Kim, M.-J. C. and Berdanier, C. D. (199ASEB J12, 243-248.

prompted work on tissue specificity and developmental
regulation of the enzyme (Kuhn-Nentwig and Kandebach,
1985; Capaldi, 1990) and could offer some clues for the

changes found in the present work.
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