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xercise is a deterrent of cardiovascular
disease and atherosclerosis, but the
mechanisms by which exercise reduces
atherogenic risk remain unknown. The
aim of the present study was to investigate the
effects of chronic exercise and/or high choles-
terol diet on primary antioxidant enzymes and
plasma total antioxidant capacity in Dutch rab-
bits.
Materials and Methods: 60 male Dutch white
rabbits were divided into four groups: The nor-
mal diet control (NC), normal diet with exercise
(NE), high-cholesterol diet control (HC) and high
cholesterol diet with exercise (HE). Animals in
high cholesterol diet groups were fed 2% choles-
terol rabbit chow for 8 weeks. Animals of exer-
cise groups ran on a treadmill at 0.88 km/h for 10
-60 min/day, 5 day/week, and 8 weeks in total. At
the end of experiments, blood samples were
drawn from vena cavae and were used for de-
termination of Glutathione Peroxidase (GPX),
Superoxide Dismutase (SOD) and Catalase
(CAT) activities in red cells, plasma Total Anti-
oxidant Capacity (TAC), Malondialdehyde
(MDA) and serum cholesterol profile. Thoracic
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aorta and carotid arteries were isolated for histo-
logical examination to evaluate atherosclerosis.
Results: We found that 8 weeks of chronic exer-
cise reduced atherogenic diet-induced athero-
sclerotic lesions in all arteries along with posi-
tive changes in cholesterol profile especially in-
crease of serum HDL-C level. Plasma MDA and
TAC concentrations were enhanced by exercise
in the both normal and hypercholesterolemic
groups. Erythrocyte catalase activity was in-
creased significantly by chronic exercise
(P<0.05), whereas total SOD activity rose with
exercise only in the control group. Surprisingly,
GPX activity was significantly decreased in re-
sponse to exercise in the control group and also
in the high cholesterol diet group.

Conclusion: It is speculated that exercise is an
appropriate method for prevention and regres-
sion of atherosclerosis that accompanies en-
hancement of plasma TAC and positive changes
in serum cholesterol profile; the exercise effects
on red cell antioxidant activities is however more
limited in hypercholesterolemic animals as com-
pared to normal ones possibly in part because of
alterations in the ability to adapt to exercise-
induced oxidative stress in the high cholesterol
diet.
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Introduction

Atherosclerosis, aprincipa cause of death
in many countries,” is a complex process, and
is possibly caused by high-fat diets and a
sedentary lifestyle.*® The enrichment of the
diet with cholesterol is an accepted model to
induce atherosclerosis in rabbits,* probably
by cholesterol-mediated oxidative stress and
attenuation in the antioxidant defense sys
tem.” Contradictory results however have
been reported about activities of antioxidant
enzymes in hypercholesterolemic models.
For example it has been reported that glu-
tathione peroxidase and catalase activities in
erythrocytes remained unchanged under hy-
percholesterolemic conditions in rat.® There
are also differing results including increase,
decrease or unchanged antioxidant enzymes
activities in red cells, plasma and other tis-
sues in animal models.”*®

On the other hand, the studies address a
paradox in relation to the role of exercise in
antioxidant defense systems**® Exercise
(with unknown mechanism) has received
widespread acclaim and is recommended as a
deterrent for atherosclerosis,’™® and its antia-
therogenic effects have been described in
humans and in different anima models. It
can aso positively influence risk factors as-
sociated with  cardiovascular  disease
(CVD)." Paradoxically, it has been reported
as an oxidative stress factor in animals and
humans. Oxidative stress is an imbalance be-
tween the free radicals production especially
reactive oxygen species (ROS) and antioxi-
dants systems and has been implicated in ac-
celerated atherosclerosis.™ During moderate
exercise oxygen consumption increases 8-10
fold and oxygen flux through the muscle may
increase 9-100 fold. Even moderate exercise
may increase free radical production and
overwhelm antioxidant defenses, resulting in
oxidative stress,*® and this would appear in-
compatible with its antiatherogenic effects.™*
On the other hand, enzymatic and non-
enzymatic antioxidants form part of the body
defense mechanisms to suppress the forma
tion of free radicals and to scavenge radicals
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as well to reduce their damaging effects.
Primary antioxidant enzymes in cells include
(SOD), (GPX) and (CAT), and each detoxi-
fies a particular reactive oxygen species.'’

Although physical exercise may acutely
induce oxidative stress, regular exercise ap-
pears to enhance antioxidant defenses, and it
also has been shown to decrease lipid peroxi-
dation in some animal and human studies."®*°
Despite many studies about the effects of ex-
ercise on antioxidants in various tissues, the
response of erythrocyte SOD, GPX and CAT
activities as well as plasma lipid peroxidation
to exercise are mostly controversial in litera-
ture.*?>% While many studies have investi-
gated the effects of exercise on antioxidant
enzymes in various tissues, only limited stud-
ies regarding the effects of exercise on
plasma total antioxidant capacity are avail-
able*® and to our knowledge, no studies have
been performed regarding exercise-induced
changes in total antioxidant capacity in the
hypercholesterolemic rabbit model.

Therefore the present study was designed
to obtain a deeper understanding of the men-
tioned parameters affected by chronic exer-
cise in the hypercholesterolemic Dutch rabbit
model. We also hypothesized that a high cho-
lesterol diet would decrease the activities of
antioxidant enzymes and total antioxidant ca-
pacity and we aim to determine whether these
changes could be attenuated by chronic exer-
cise.

Materials and Methods

Animals and Diet: This study was conducted
in the Physiology lab of the Drug Applied
Research Center, Tabriz University of Medi-
cal Sciences. 60 male Dutch white rabbits
(1.3 kg at the beginning) divided into four
groups, congtituted the normal diet control
(NC) group, the norma diet with exercise
(NE) group, the high-cholesterol diet control
(HC) group and the high-cholesterol diet with
exercise (HE) group. The control groups
were fed normal rabbit chow, whereas the
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high cholesterol diet groups were fed with a
high cholesteral diet (2%). All animals were
housed in an environmentally controlled
room.

Exercise Protocol: The exercise protocol was
the same as that used by Jen et al.® After 1
week of familiarization, the exercise training
groups ran on a leveled treadmill (Danish
Y akhteh Co, Tabriz Iran) at a speed of 0.88
km/h for 10 minutes for the first week. The
running time was extended 5-10 min each
week until they could run for 60 minutes per
day. They were exercised for 5 days per week
for atotal of 8 weeks. This exercise intensity
was approximately 75% of their maximal ex-
ercise capacity.®

In contrast, the sedentary groups were
placed on the treadmill for 10 minutes each
day without receiving any exercise training.
Rabbits were anesthetized at the end of ex-
periments by injecting ketamine (25mg/kg,
i.v) and sodium pentobarbital (20mg/kg, i.v)
via the margin ear vein. To avoid the acute
effect of exercise, animals were sacrificed, 48
h after training. Blood samples were drawn
from the inferior vena cava and were stored
in tubes for determination of plasma choles-
terol profile, MDA, TAC concentration and
erythrocyte SOD, GPX and CAT activities.

Histological Sudies of Blood Vessels: Tho-
racic aorta and carotid arteries immediately
isolated and placed in formalin 10%. Briefly,
after tissue processing steps, several seria
sections of blood segments (6um thick) were
stained using standard hematoxylin-eosin and
studied by light microscopy. Atherosclerotic
lesions were assessed on a scale from 0 to 5.
A segment of vessel that did not have visible
lesion was given a score of 0, and a segment
that was completely covered by atheroscle-
rotic lesions was given a score of 5.”° Then
the area of thickened intima was assessed and
calculated and was expressed as the percent-
age of luminal area of the vessel ring.

Serum cholesteral profile: Serum cholesterol
profiles including low density lipoprotein

cholesteral (LDL-C), high density lipoprotein
cholesterol (HDL-C), very low density lipo-
protein cholesterol (VLDL-C), triglyceride
(TG) and total cholesterol were determined
using automatic analyzer (Abbott Alcyon
300, USA). Intra-assay and inter-assay CV%
was <10% in all of the cholesterol fractions.

Determination of Antioxidant Enzymes and
TAC: For determination of GPX, SOD and
CAT erythrocyte lysates were used. Briefly,
blood was collected in tubes containing
EDTA and centrifuged (1500g) for 15 min at
4°c. The sediment containing erythrocyte was
suspended in norma saline and recentri-
fuged, a process that was repeated twice.
Sediment red cells were added to ice-cold
distilled water and mixed thoroughly. GPX
activity was determined using washed red
cells based on the Palia and Vaentine
method using the GPX kit (Randox Co, Ger-
many), according to the instructions provided
by the manufacturer. 50uL sample volume
was used. The decrease in absorbance was
measured in 340 nm spectrophotometrically
(Pharmacia Biotec; England). The intra-assay
and inter-assay coefficients of variation (CV
%) were 7.4% and 6.8% respectively. The
sensitivity of the GPX assay was 82.86 U/L.
SOD activity in red cells was determined us-
ing the SOD kit (Randox Co, Germany) at
505 nm by spectrophotometer according to
the manufacturer instructions. SOD activity
that could cause 50% inhibition of superox-
ide produced by reaction nitroblue tetra-
zolium was defined as 1 unit (U). The con-
centration of total SOD was calculated from a
semi-logarithmic standard curve of standard
samples vs. absorbance. The intra-assay and
inter-assay coefficients of variation (CV %)
were 6.3% and 8% respectively. The sensitiv-
ity of the SOD assay was 0.06 U/ml. Plasma
TAC was measured by spectrophotometer
according to kit guidelines (Randox CO,
Germany). 20 pL sample volume was used.
Absorbance was measured 600 nm at 37°c.
The intra-assay and inter-assay coefficient
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variation (CV%) were 5.8% and 6.4% re-
spectively. The sensitivity of the TAC assay
was 0.21 mmol/I.

Red cell catalase activity was determined
by monitoring the decrease in absorbance at
240 nm in presence of 10 mM hydrogen per-
oxide at 25°C. One unit of catalase activity
was defined as the decomposition of 1 M hy-
drogen peroxide min™ at 25°C.%° Intra-assay
CV% was 7%.

The amount of Maondialdehyde (MDA)
was determined by the TBA (Tthiobarbitoric
acid) assay. All reagents that were used in
this assay were obtained from Merck (Darm-
stadt Germany). Briefly, 0.50ml of plasma
was added to 3ml of 1% phosphoric acid, 1
ml of 0.60% TBA, and 0.15ml of 0.20% bu-
tylated hydroxytoluene (BHT) in 95%
methanol. The samples were heated in a boil-
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ing water bath for 45 minutes, cooled and 4
ml of 1- butanol was added. The butanol
phase was separated by centrifugation at
3000 rpm for 10 minutes and absorbance was
measured at 532 nm. The concentration of
MDA was expressed as uM.?"%

Satistical Analysis: Data was expressed
as meanstSD; statistical computations were
calculated using SPSS 10 for windows soft-
ware (SPSS INC, Chicago, IL, USA). Sample
size (animal numbers) was indicated by n
(n=15 rabbits for each group). Results of four
groups was analyzed by ANOVA and further
by Tukey HSD as post hoc test. Student- t-
test was used for comparison of two groups
or two methods. Differences were considered
significant at p<0.05.

Table 1. Comparison of the serum lipid profile changes among four groups of Dutch rabbits by chronic
exerciseand /or high cholesterol

Variable NC NE HC HE
Total cholesterol (mg/dL) 74.6+3.9 69.2+3.5 1970+84° 2001+104
LDL-C (mg/dL) 28.23+3.8 19354+2.41 1630+67.57 1592+61.89
HDL-C (mg/dL) 32.3+2.8 39.3+2.03 312.6+45.4 439.6+42%
VLDL-C (mg/dL) 1736+4.5 16+2.8 51.6+15 33+9.2°°
TG (mg/dL) 88+22.5 8+14.4 266+69.6 169+13.3"°
HDL/LDL 1.15+0.20 1.92+0.41 .188+.02° .269+.05°

Data are expressed as mean = SD (n=15) for each group; Differences of p<0.05 were Considered significant.
* HC vs. NC and NE; T NE vs. NC; £ HE vs. NC and NE; § HE vs. HC

Abbreviations: NC, normal diet control; NE, normal diet with exercise; HC, high cholesterol diet control; HE,
high cholesterol diet with exercise; LDL, low density lipoprotein; HDL, high density lipoprotein; VLDL,
very low density lipoprotein; TG, triglyceride
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Results

Body Weight: Body weight was signifi-
cantly increased by normal and high choles-
terol diet feeding, but it showed no dramatic
change in animals under chronic exercise
(Data not shown).

Histological Examination: 8 weeks of 2%
high cholesterol diet feeding induced athero-
sclerotic lesions and thickening of the intima
in al thoracic aorta and to a lesser extent in
the carotid arteries in the HC group (n=15).
Chronic exercise reduced atherosclerotic le-
sions (20-35%) in HC group significantly
(p<0.05). There was no lesion in the normal
diet groups (Data not shown).

Serum Lipid Profile: Our results clearly
demonstrated that eight weeks of 2% of high
cholesterol diet feeding significantly in-
creased serum total cholesterol, LDL-C,
HDL-C, VLDL-C, and TG. These observa-
tions indicated that the atherogenic diet in-
deed induced hypercholesterolemia in our
experimental Dutch rabbit model. 8 weeks of
concomitant chronic exercise considerably
reduced diet-increased serum levels of
VLDL-C and TG in the HE group without
significant changes in total cholesterol and
LDL-C. Although chronic exercise tended to
reduce the mentioned parameters in the con-
trol group, the effects were not statistically
significant. The observed increases in plasma
HDL-C or HDL-C to LDL-C ratio are con-
sidered to be the main effect of chronic exer-
cise on serum cholesterol profiles (Table 1).

Antioxidant Enzymes TAC and MDA: All
erythrocyte antioxidant enzymes were de-
creased by high cholesterol diet consumption.
Red cell SOD activity rose significantly with
chronic exercise only in the control group
(Fig 1B). Erythrocyte catalase activity was
significantly enhanced by chronic exercise in
the NE and HE groups (Fig 2A). In addition,
erythrocyte GPX activity was reduced sig-
nificantly in response to chronic exercise
and/ or high cholesterol diet feeding (Fig.
1A). Based on these findings, erythrocyte
primary antioxidant enzymes indicated dif-

ferent and sometimes paradoxical changes by
exercise and / or high cholesterol diet feed-
ing. Plasma MDA and TAC levels were sig-
nificantly increased in response to chronic
exercise and /or high cholesterol diet feeding
(Figs 2B and 3 respectively). These observa-
tions are possibly indicative of lipid peroxi-
dation and induction of non-enzymatic anti-
oxidants by both high cholesterol diet feeding
and /or chronic exercise.
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Fig.1. Comparison of the chronic exercise ef-
fect and /or high cholesterol diet on red cells
GPX (A) and SOD (B) activities among four
groups of rabbits. Data are expressed as
mean+SD (n=15 for each group). Differences of
p<0.05 were considered significant. $ NE vs.
NC * HC vs. NC and NE # HE vs. NC and NE
T HE vs. HC Abbreviations: NC, normal diet
control; NE, normal diet with exercise; HC,
high cholesterol diet control; HE, high choles-
terol diet with exercise. SOD, superoxide dis-
mutase; CAT, catalase
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Fig.2. Comparison of the chronic exercise ef-
fect and /or high cholesterol diet on plasma
CAT (A) activity and TAC concentration
among four groups of rabbits. Data are ex-
pressed as mean+SD (n=15 for each group).
Differences of p<0.05 were considered signifi-
cant. $ NE vs. NC * HC vs. NC and NE # HE
vs. NC and NE T HE vs. HC. Abbreviations:
NC, normal diet control; NE, normal diet with
exercise; HC, high cholesteral diet control; HE,
high cholesterol diet with exercise. TAC, total
antioxidant capacity.

Discussion

Our results clearly demonstrated that 8
weeks of high cholesterol diet feeding in-
duced hypercholesterolemia along with
atherosclerotic plagues in aorta and carotid
arteries. After 8 weeks of concomitant exer-
cise intervention, atherosclerotic plaques
were reduced in both the arteries associated
with positive change in cholesterol profile.
None of the arteriesin the NC and NE groups
showed any signs of fatty streaks.

Although it is still unclear exactly how
exercise improves atherosclerosis, several
possible mechanisms of exercise-induced
atheroprotective effect have been proposed
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Fig.3. Comparison of the chronic exercise ef-
fect and /or high cholesterol diet on plasma
MDA concentration among four groups of
rabbits. Data are expressed as meantSD (n=15
for each group). Differences of p<0.05 were
considered significant $ NE vs. NC * HC vs.
NC and NE # HE vs. NC and NE t HE vs. HC
Abbreviations: NC, normal diet control; NE,
normal diet with exercise; HC, high cholesterol
diet control; HE, high cholesterol diet with ex-
ercise. TAC, total antioxidant capacity.

including antithrombotic, anti-inflammatory
and antioxidant properties of HDL-C, de-
crease in plasma LDL-C*® and positive
changes due to exercise-induced oxidative
stress such as induction of antioxidant sys-
tems as a defensive mechanism of the cells
under oxidative stress.** In contrast to studies
in rabbit™®>* and mice,** in this study chronic
exercise increased HDL-C or proportion of
HDL-C to LDL-C. According to our results,
it is thought that increases in HDL-C level
are the main effect of chronic exercise on se-
rum cholesterol profile. Based on recent stud-
ies,* it sseems HDL-C is protected from exer-
cise-induced oxidative stress by the
paraoxonase antioxidant enzyme. Probably
exercise results finally in decrease of LDL-C,
VLDL-C and TG in plasma and then athero-
sclerosis.® through increase in efficacy of
HDL-mediated reverse cholesterol transport
system and lipoprotein lipase activity.

Some studies have reported that exercise
decreases LDL-C and total cholesterol in
humans and rats.****>*** |n this work, LDL-

International Journal of Endocrinology and Metabolism



36 M. Mohammadi et al.

C, total cholesterol, LDL-C, VLDL-C and
TG showed a tendency to decrease by exer-
cise in the control group but data were not
significant statistically. On the other hand,
VLDL-C and TG were reduced remarkably
by exercise in the hypercholesterolemic
group. The importance of LDL-C, HDL-C
and total cholesterol is well documented in
the pathogenesis of atherosclerosis,® but
VLDL-C and TG should not be ignored.
Lipoproteins are not static and it has been re-
ported that enhancing the concentrations of
these lipoprotein fractions increase the pro-
duction of LDL-C. VLDL-C, like as LDL-C,
is taken up by the endothelium and delivered
to the various cell types of the arterial wall.
TG-rich fractions are essential in the ex-
change of cholesterol particles and increase
of HDL-C in the exercise animals may be a
conseguence of enhanced catabolism of TG-
rich lipoproteins.

In this study, chronic exercise reduced
atherosclerotic lesions in the thoracic aorta
more than in the carotid artery. These
changes are similar to those reported as oc-
curring in thoracic aorta and carotid with ex-
ercise in the New Zealand white rabbit.>*®
However, there is little information about the
susceptibility of the different arteries to
atherosclerosis and their improvement by ex-
ercisein literature.>*3, According to vasore-
laxation studies in rabbit arteries, different
responses of thoracic aorta and carotid to
atherosclerosis and exercise may result from
vascular function and differences in exercise-
induced flow-mediated nitric oxide produc-
tion.** |t is well known that the blood flow
in aortaincreases severafold during exercise,
whereas, the flow in carotid arteries remains
relatively constant due to efficient cerebral
autoregulation. In addition, the blood chemi-
cal composition is presumably identical
within the major arterial systems. Therefore,
the differences in exercise-induced changes
between carotid and aorta are likely due to
local increases in blood flow or sheer stress
instead of the systemic changes in the plasma
hormone level %

Although there is a close relationship be-
tween hypercholesterolemia and atheroscle-
rosis, it has been suggested that atheroscle-
rotic lesions might depend on enhanced oxi-
dative stress. Hyperchol esterolemia increases
the levels of ROS and elevated ROS can
stimulate atherosclerosis pathogenesis.®® Ex-
ercise is aso known to impose oxidative
stress on the body due to the generation of
ROS and probably depletion of antioxidants
that may result in atherosclerosis.™

In this study we found that erythrocyte
activities of total SOD, GPX and CAT were
significantly decreased by the high choles-
terol diet. Red cell CAT activity was in-
creased by chronic exercise but total SOD ac-
tivity rose with exercise only in the control
group whereas GPX activity was reduced by
exercise and /or high cholesterol diet con-
sumption. It has been proposed that high cho-
lesterol diet induces free radical production
and may result in oxidative stress®? On
the other hand, regular exercise has been
shown to strengthen antioxidant defense in
normal humans and animals and may de-
crease the effects of deleterious oxidative
stress.®?! There have been conflicting results
about effects of exercise on changes men-
tioned in the antioxidant enzymes in various
tissues of human and animal models.2*+1%#
While upregulation of GPX in response to
acute exercise has been reported in skeletal
muscle in animal experiments'®*** and eryth-
rocytes of some norma subjects,®* no
changes have been found in erythrocyte GPX
activity in some human studies™ or in rabbit
heart after chronic exercise®™ In the sys-
temic circulation, thisis less clear.”® Mgjority
of studies have shown an increasein GPX ac-
tivity following exercise’®®? and the re-
sponse of erythrocyte GPX activity in our
study agrees with some previous studies also
showing a decrease after exercise.”** The
decrease of GPX activity in our study seems
to be a result of lipid peroxidation,* sensitiv-
ity to exercise-induced peroxide and proxy
radical formation according to cell location,™®
exercise intensity, and finally the type of
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animal. It has been reported that GPX activ-
ity in the blood of intact mammals predis-
posed to atherosclerosis (rabbits, mini-pig) is
considerably less in comparison to the resis-
tance species (rats). Hypercholesterolemia
also produces an abrupt decrease in GPX ac-
tivity in whole blood and plasma in the sus-
ceptible animals and exercise may impose an
additional stress decreasing its activity.” It
has been reported that intense exercise did
not change red cell CAT activity in human
subjects,®* rat heart muscle® and small
mammals.*® CAT activity of erythrocytes has
been reported to increase in professional cy-
clists compared with amateur cyclists and
sedentary controls.”’ Exercise-induced CAT
expression in C57BL/6 mouse arterial wall
has been reported after chronic and acute ex-
ercise. It is thought that decrease of CAT
activity in the HC group as well as increased
CAT in exercised groups depends on oxida-
tive stress intensity. In the other words, oxi-
dative stress has dual effects on inducing an-
tioxidant enzymes. SOD has been studied to
a greater extent than other antioxidant en-
zymes, but there is no consensus in literature
about response of erythrocyte SOD activity
to exercise.’®19%%2% |n our study, total SOD
activity in erythrocyte rose with exercise only
in the control group, similar to results of
some studies in rabbits.*® With a few excep-
tions, most studies indicate that acute exer-
cise increases SOD, this activation of SOD
resulting from increased superoxide produc-
tion during exercise® On the other hand,
many studies have reported no increase in
SOD activity following short-term and pro-
longed exercise in tissues including muscle,
heart, lung, liver, brain, plasma and red
cells** In our study decreased SOD activity
under the concomitant effects of chronic ex-
ercise and high cholesterol diet may result
from high oxidative stress through increase
of superoxide production. Superoxide may
react with other ROS such as NO to form
highly toxic species such as peroxynitrite in
addition to direct toxic effects. Alternatively,
superoxide can be dismuted to much more
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reactive hydrogen peroxide which can then
lead to highly toxic radical formation.”® In
addition, decreased CAT activity can aso
contribute to the oxidative stress found in hy-
percholesterolemic animals due to the dua
effects of oxidative stress. Understanding of
the relationship among exercise, oxidative
stress and free radicals, or in the other words,
the mechanisms involved in the changes of
antioxidant enzymes activity during exercise
remains a challenge.?*® Thus, although some
of the antioxidant enzymes are activated dur-
ing chronic exercise, the protective margin
could be quite limited depending on individ-
ual enzymes and the tissues involved.?%*
Antioxidant enzymes may be activated selec-
tively during exercise depending on the oxi-
dative stress imposed on the specific tissues
as well as the intrinsic antioxidant defense
capacity. Also different characteristics of the
different antioxidant enzymes adaptation to
exercise may be multifaced and depend on
the specific pattern of gene expression for
each enzyme, the threshold required for in-
duction and their interaction.”*#

In this study we found that plasma MDA
and TAC levels increased significantly fol-
lowing chronic exercise and /or high choles-
terol diet feeding. Although MDA as a
marker of oxidative damage has been studied
extensively, generally very differing and con-
flicting results have also been reported in
various tissues and plasma of animal models
and in humans;*81%2223%3 qur results are simi-
lar to some of these.?>*® This inconsistency of
results may be a reflection of differences in
exercise intensity and duration, type of ani-
mal or method used for assessment and aso
maximal oxygen uptake.”** Increased MDA
in our results may be attributable to high sen-
sitivity of rabbits to free radical production
by high cholesterol and exercise. Elevated
MDA is not thought to be a negative exercise
effect because oxidants and oxidized-lipids
are not necessarily deleterious® According
to recent studies it has been suggested that
some of the oxidized lipids could also dlicit
“antioxidant, antiatherogenic”  responses
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from cells®® Exercise-induced oxidative
stress and oxidation of lipids especially oxi-
dized-LDL and possibly VLDL-C and TG
might suggest an ongoing oxidative clearance
of LDL-C, VLDL-C and TG from the
plasma. If so, oxidation of LDL-C in the
plasma itself accounts for some of the lipid-
lowering effects of exercise and may actually
be beneficial against atherosclerosis. In addi-
tion, although in our study activities of eryth-
rocyte antioxidants were reduced in animals
on atherogenic diet, their induction in exer-
cised groups, based on the threshold required,
may be attributable to plasma oxidized lipids
specially oxidized-LDL-C and fatty acid in-
teraction,'**>%

Plasmais mostly accounted for by a num-
ber of low molecular weight antioxidant
molecules either water or lipid-soluble.
Evaluation of the TAC gives more biological
relevant information than that of the individ-
ual levels of specific antioxidants of a given
body fluid such as plasma. The overall TAC
considers the cumulative effect of all antioxi-
dants (known and unknown, measurable and
not measurable) present in plasma and it is
used for evaluating the effect of severa
physiological conditions on plasma in hu-
mans and animals.® In contrast to our results,
it has been reported that exercise with 65%
VO2max decreases plasma TAC in rat.** It
has aso been shown that people with high
aerobic capacity due to extreme endurance
exercise, have plasma with decreased TAC
and higher susceptibility to oxidation.* In
addition, to our knowledge no study has been
published about interaction of chronic exer-
cise and TAC in anima models. Many stud-
ies have investigated the effects of exercise
on components of TAC specialy GSH me-
tabolism as a measure of TAC and have re-
ported differing and controversial results.”*
Increased TAC in our study may be related to
GSH metabolism. In addition, €levation of
vitamin E as part of TAC due to increased

mobilization of tocopherol with free fatty
acid from adipose tissue or increased flux of
fatty acids through the liver stimulating the
secretion of LDL-C, which are rich in toco-
pherol and also redistribution of tocopherol
toward tissues by increased ROS production.
Finaly increased absorption from the
gastrointestinal tract may be considered as
another possible mechanism for increased
TAC plasma concentration affected by exer-
cise and/ or high cholesterol diet.® On the
other hand, ateration in thiol content as a
functional sulfhydryl has been suggested as a
main determinant of TAC changes, but there
are limited studies regarding with the interac-
tion of chronic exercise effect and thiol
changes in literature.®® More studies are re-
quired for evaluation of the relationship be-
tween the atherogenic diet, exercise effect,
TAC and its components, especially thiolsin
human and animal models.

In conclusion, our findings suggest that
chronic exercise is an appropriate method for
prevention and regression of atherogenic
diet-induced atherosclerosis along with posi-
tive changes in the serum cholesterol profile
and enhancement of TAC. In contrast to
TAC, the activity of red cell primary antioxi-
dant enzymes were reduced by the athero-
genic diet but the pattern of changes in these
enzymes were affected differently by exer-
cise and /or high cholesterol diet feeding pos-
sibly because of aterations in the ability to
adapt to exercise-induced oxidative stress in-
tensity. We found that exercise and /or high
cholesterol diet feeding increased lipid per-
oxidation but this finding is not necessarily
deleterious and can also be interpreted as an
“antioxidant;-antiatherogenic” response.
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