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The aim of this study was to examine the effect of dictary-induced obesity on some
parameters of oxidative stress and antioxidant defence. The studies were performed
in adult male Wistar rats. Control group received normal laboratory chow (62%
calories as carbohydrates, 26% protein and 12% fat). High-calorie high-fat group
(HCHF) was fed standard chow supplemented with lard (48% calories as
carbohydrates, 20% as protein and 32% as fat) and high-calorie normal-fat group
(HCNF) received standard chow and liquid diet containing sucrose, glucose, whole
milk powder and soybean powder (60% carbohydrates, 26% protein, 14% fat). After
8 weeks body weight of HCHF and HCNF-fed rats was higher than body weight of
controls by 9.3% and 15.2%, respectively. Plasma concentration of thiobarbituric
acid-reactive substances (TBARS) increased in these groups by 43% and 352%,
respectively. The activity of superoxide dismutase (SOD) decreased in HCHF group
by 47.5% and in HCNF group by 21.1%. Glutathione peroxidase (GPx) activity in
the blood tended to increase in both experimental groups but this was not
significant. Plasma total antioxidant status (TAS) measuring the combined [ree
radicals scavenging ability of nonenzymatic antioxidants was lower in HCHF and in
HCNF group compared to control {—8.8% and —9%, respectively). The major
observed lipid abnormalities were hypertriglyceridemia in HCHF group and
decreased HDL-cholesterol in HCNF group. TBARS correlated negatively with
SOD (r= —0.84, p < 0.001) and with TAS (r = —047, p <0.03). These results
indicate that obesity leads to oxidative stress which can contribute to
obesity-associated diseases such as atherosclerosis, diabetes mellitus and arterial
hypertension.
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INTRODUCTION

Obesity is a risk factor of atherosclerosis. This risk is attributed in part to
hyperlipidemia, arterial hypertension and non insulin-dependent diabetes
mellitus often accompanying obesity, however, obesity is also an independent
risk factor {1—3). This direct atherogenic effect of obesity may be associated
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with several mechanisms: 1) insulin resistance/hyperinsulinemia (4, 5); 2)
disturbed balance between coagulation and fibrinolysis cascade due to
overproduction of plasminogen activator inhibitor-1 (6) and tissue factor (7) by
adipose tissue; 3) excess of proinflammatory cytokines secreted by adipose
tissue, such as tumor necrosis factor-a (TNF-a) (8, 9) and interleukin-6 (10); 4)
stimulation of renin-angiotensin system (11) which participates in atherogenesis
(12).

Interestingly, little is known about the effect of obesity on oxidant-
-antioxidant balance Reactive oxygen species and lipid peroxidation play an
essential role in the pathogenesis of atherosclerosis. Oxidized low density
lipoproteins (LDLs) are taken up by macrophages through scavenger receptors
leading to intracellular cholesterol accumulation and formation of foam cells.
Oxidatively modified LDLs are chemotactic for monocytes and vascular smooth
muscle cells and induce their proliferation, partially by stimulating expression of
adhesion molecules, cytokines and growth factors. In addition, oxy-LDLs are
cytotoxic for endothelial cells and induce humoral as well as cell-mediated
immune response (13—15). Moreover, free radicals play an important role in the
pathogenesis of other obesity-associated complications such as diabetes mellitus,
endothelial dysfunction, arterial hypertension and heart failure (16).

The purpose of this study was to examine the effect of obesity induced by
high-calorie diet on lipid peroxidation, antioxidant enzymes activity and total
antioxidant potential of plasma in the rat.

MATERIALS AND METHODS

Induction of obesity

The study was carried out on adult (3 month-old), male Wistar rats weighing initially
351.4 £ 18.1 g {mean + SD). The protocol of animal studies was reviewed and approved by Animal
Care Committee of University School of Medicine in Lublin. Obesity was induced by offering the
animals two types of “caleteria diet” as described by Kahn and Pedersen {17). After the 2-week
bascline period the animals were randomized into three groups (10 rats each). Control group was
fed standard rat chow ad fibiturn. One experimental group received high calorie high fat diet
(HCHF) consisting of standard rat chow supplemented with lard. Another group received high
calorie diet with percentage fat content similar to control group (high calorie normal fat group,
HCNF). This group was fed standard chow combined 1:1 {w/w) with the liquid diet. The liquid
diet contained sucrose (12.5 g/100 g), glucose (12.5 g/100 g), whole milk powder (12.5 g/100 g) and
soybean powder (12.5 g/100 g) suspended in tap water (50 g/100 g). The energy content of diets was
calculated from the declarations given by the manufacturers and is presented in Tab. 1. All diets
contained also the same amounts of vitamin mixture (2 g/100 g), mineral mixture (5 g/100 g),
D,L-methionine (0.3 g/100 g) and choline chloride (0.2 g/100 g). Vitamin mixture used by us
(Polfamix F, Polfa Kutno, Poland) contained vitamin E (3.4 g/kg) but not other antioxidant
vitamins. Neither vitamin mixture nor mineral mixture (MM, Polfa Kutno, Poland) contained any
significant amounts of selenium. The average daily energy intake was measured weekly by weighing
the amount of chow served and correcting for wastes.. Body weight of animals was controlled every
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2 weeks. All the groups were fed their respective diets for 8 weeks. The animals had free access to
tap water throughout the experiment.

After 8 weeks the animals were anaesthetized with pentobarbital (50 mg/kg i.p.). Then blood
was obtained from abdominal aorta and collected in heparinized tubes (for SOD, GPx and TAS)
and EDTA-containing tubes (for TBARS, and plasma lipids). The animals were killed by the lethal
dosc of pentobarbital. Antioxidant enzymes, plasma lipids and haemoglobin were measured
immediately and plasma for TBARS and TAS was frozen and stored at —25°C.

TBARS assay

The concentration of thiobarbituric acid-reactive substances (TBARS) was assayed by the
method of Ledwozyw et al. (18). The blood was centrifuged at 3000 x g for 10 min. 0.5 ml of plasma
was mixed with 2.5 ml of 1.22 M tricholoroacetic acid in 0.6 M HCl and allowed to stand for 15
min. Then 1.5 ml of thiobarbituric acid (46 mM in 80 mM NaQH) was added and the sample was
heated for 30 min in a boiling water bath. After cooling to a room temperature 4 ml of n-butancl
was added and the sample was shaken vigorously for 3 min and centrifuged for 10 min at 1500 x g.
The organic layer was removed and its absorbance was measured at 532 nm. Standard curve was
prepared using malonyldialdehyde bis-dimethylacetal.

Superoxide dismutase (SOD) assay

SOD activity was measured in erythrocytes by the spectrophotometric method using RANSOD
kit {(Randox Laboratories Ltd., UK), based on the method of McCord and Fridovich (19). In this
method xanthine and xanthine oxidase are used to generate superoxide anion (O] ) which reacts with
2-(4-iodophenyl)-3-(4-nitrophenol)- 5-phenyltetrazolium chlaride (INT) to form a red formazan dye.
SOD inhibits the formation of the formazan dye, and its activity is measured as percent inhibition and
compared with a calibration curve prepared with purified SOD contained in the kit. Briefly, 0.5 ml of
blood was centrifuged for 10 min at 3000 x g, plasma was aspirated and erythrocytes were washed
four times with 3 ml of physiological saline and centrifuged for 10 min at 3000 x g after cach wash.
Then 2 ml of cold deionized water was added to induce hemolysis. The lysate was diluted 50 fold with
10 mM phosphate bulfer (pH 7.0}. 0.05 ml of the diluted sample was mixed with 1.7 ml of substrate
(0.05 mM xanthine +0.025 mM INT in 40 mM CAPS buffer containing 0.94 mM EDTA, pH 10.2)
and with 0.25 ml of xanthine oxidase (80 U/1). The sample was incubated at 37°C and its absorbance
against air was read at 505 nm after 30 and 150 seconds. One unit of SOD is the amount of enzyme
that inhibits the rate of the formazan dye formation by 50%. The intraassay coefficient of variation
was 4.2%. The assay was linear from 30 to 60% inhibition. SOD activity was cxpressed in units/g
haemoglobin. Haemoglobin concentration was determined by the cyanmethaemoglobin method (20).

Glutathione peroxidase (GPx) assay

Blood GPx was assayed by the modified method of Paglia and Valentine (21) using RANSEL
kit (Randox Laboratories Ltd,, UK). In this method GPx calalyzes the oxidation of glutathione
(GSH) to the oxidized form (GSSG) by cumene hydroperoxide. In the presence of glutathione
reductase and NADPH, GS8G is converted to the reduced form with a concomitant oxidation of
NADPH to NADP~, Decrease in NADPH is measured by monitoring the absorbance at 340 nm.
0.05 ml of blood was diluted to 2 ml with diluent contained in the kit and 0.05 ml of this sample
was mixed with 2.5 ml of solution containing 4 mM glutathione, 0.5 U/1 glutathione reductase, 0.34
mM NADPH, 0.05 M phosphate buffer (pH 7.2) and 4.3 mmol,l EDTA. Subsequently 0.1 ml of
4.86 mM cumene hydroperoxide was added. The sample was incubated at 37°C and absorbance
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against air was monitored for 3 minutes. Finally, the enzyme activity was expressed in U/g
haemoglobin.

Total antioxidant status (TAS)

Total antioxidant capacity of plasma was assessed by the method described by Miller er al. (22,
23) using Total Antioxidant Status — TAS kit (Randox Laboratories Ltd., UK). In this method
2,2"-azino-di-3-cthylbenzothiazoline-6-sulphonate  (ABTS) is incubated with peroxidase
(metmyoglobin) and H,0, to produce the radical cation (ABTS*) which absorbance is measured
at 600 nm. The ability of antioxidanits contained in the sample to inhibit this reaction is measured
and compared to standard — 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid (Trolox),
therefore this method is also called Trolox equivalent antioxidant capacity {TEAC). In brief, 20 pl
of plasma was mixed with 1 ml of chromogen (6.1 pmol/l metmyoglobin + 610 pmol/l ABTS) and
200 pl of 1250 pmol/l H,0, was added. The sample was incubated at 37°C and absorbance at 600
nm was read after 3 minutes. The results are expressed in mmol Trolox/l.. Unlike measuring the
concentration of individual antioxidants, this method also takes into account the interactions
among them. Plasma albumin, uric acid and SH-group containing low-molecular weight
compounds such as glutathione are the main known contributors to plasma TAS assay (24).

Plasma lipids

Plasma triglycerides (TG) were assayed by peroxidase-coupled method (25), total plasma
cholesterol (TC) by the enzymatic method (26) and HDL-cholesterol {HDL-C) by the enzymatic
method after precipitation of other lipoproteins with MgCL, and dextran sulphate (27).
VLDL+LDL cholesterol was calculated from the above data using a medified Friedewald
formula: VLDL-C + LDL-C = TC—(HDL-C+0.16 x TG) (28).

Reagents

Vitamin mixture (Polfamix F) and mineral mixture (MM) were obtained from Polfa Kutno,
Poland. D,L-methionine, choline chloride, and 2-thiobarbituric acid were purchased from
Sigma-Aldrich.

Statistics

The data are presented as mean + SD. Statistical analysis was performed by ANOVA followed
by Duncan's multiple range test for comparisons of different means. Linear regression was used to
assess the relation between variables. To be considered statistically significant, we required
P < 0.05 (95% confidence limits),

RESULTS

The energy intake during baseline period in all groups averaged 101+5
kcal/rat/day. Rats who remained on the control diet did not significantly alter
their intake over subsequent 8-week period. In contrast, both types of cafeteria
diet prompted the animals to increased food intake. The average energy intake
in both experimental groups was similar (Tab. 1).
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Tahle 1. Composition of diets and average cnergy intake.

High calorie High caloric

Coatrol. groop high fat group | normal fat group

Carbohydrates (% of energy) 62 48 60
Protein (% of energy) 26 20 26
Fat (% of energy) 12 32 14
Total energy itake (kcal/rat/day) 10145 130+8 13217

Body weight of all groups of animals increased progressively throughout
the experimental period. After 8 weeks control animals weighted 388+ 19.8
g which was significantly higher than at the beginning of the experiment
(+10.5%, p <0.05). The average body weight of rats fed high fat diet and high
calorie normal fat diet increased during 8 weeks to 424.7 + 35 g and 447.7+35.4
g, respectively, and was significantly higher than terminal body weight of
controls (+9.3%, p < 0.05 and +15.2%, p < 0.001, respectively). These data
indicate that our experimental protocol induced moderate obesity. The
difference in body weight between both high-calorie groups was not significant.

The concentration of TBARS in plasma was higher in obese animals than
in controls. HCHF and HCNF diets caused elevation of TBARS by 43% and
52%, respectively (Fig. /). The difference between both obese groups was not
significant. In contrast to TBARS, SOD activity decreased in both
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Fig. 1. Plasma concentration of thiobarbituric acid-reactive substances (TBARS). HCHF-high
calorie high fat group, HCNF-high calorie normal fat group. ** p < 0.01 (compared to control by
ANOVA and Duncan’s test) n = 10 in each group.
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Fig. 2. The activity of antioxidant enzymes: superoxide dismutase (SOD, left scale) and glutathione

peroxidase (GPx, right scale) in the blood. HCHF-high calorie high fat group, HCNF-high calorie

normal fat group. **p < 0.01; ***p < 0.001 (compared to contrel by ANOVA and Duncan’s test).
n = 10 in each group.
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Fig. 3. Plasma total antioxidant status (TAS). HCHF-high calorie high fat group, HCNF-high
calorie normal fat group. *p < 0.05 (compared to control by ANOVA and Duncan’s test). n = 10
in each group.
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experimental groups. In high fat group SOD was lower by 47.5% and in
high calorie normal-fat group by 21.1%. Moreover, SOD activity was
significantly lower in HCHF group than in HCNF group (—23.5%,
p < 0.01). Although we observed the tendency to elevation of GPx activity
in both experimental groups, this phenomenon was not significant (Fig. 2).
Total antioxidant status decreased slightly but significantly both in high
fat and in high calorie normal fat group by B.8% and 9%, respectively
(Fig. 3).

Plasma triglycerides increased significantly only in high fat group. Plasma
obtained from two rats in this group was lipemic and triglycerides
concentration in these samples exceeded 160 mg/dl. When all the animals from
this group were taken into account plasma TG was 54% higher than in
controls. If these two lipemic samples were excluded from the analysis, mean
plasma TG concentration was elevated by 31.5%, which was still significant
(Tab. 2). Total plasma cholesterol in HCNF group was lower than in controls
(—20.8%) whereas in high fat group was not changed. The concentration of
cholesterol contained in HDL fraction was also lower in HCNF group
(—21.6%) but not changed in HCHF group. The mean LDL+VLDL
cholesterol tended to increase in high fat group (+ 56.3%) and to decrease in
high calorie normal fat group (—50%) but due to high variability these
differences did not reach the level of significance. The average atherogenic ratio
(VLDL + LDL divided by HDL) was almost doubled in HCHF group whereas
in HCNF group tended to decrease but again, this was not significant (Tab. 2).
The TBARS/TG ratio increased significantly in HCNF group (36.9+6.2
nmol/mg vs. 29.3+ 3.1 nmol/kg in controls, p < 0.05) but not in HCHF group
(27.34+4.8 nmol/mg). Plasma glucose concentration did not differ among
control and experimental groups (data not shown). Total plasma protein,
haemoglobin concentration and platelet count was similar in all groups (data
not shown).

Table 2. Plasma lipids concentration in different groups of rats.

High calorie High calorie
Control group high fat group normal fat group
Triglycerides 4924127 6474+ 158" 509+134
Total cholesterol 798+194 83.0+10.7 62.5+49*
HDL-cholesterol 66.2+13.0 64.9 +8.29 51.9+47%*
VLDL+LDL cholesterol 48+36 1.5+46 24120
(VLDL +LDLyHDL 0.062+0.052 0.122+0.077 0.046+0.041

*n < 005 **p < 0.01 (compared to control by ANOVA and Duncan’s test). n = 10 in control
and high calorie normal fat group, n =8 in high fat group (two lipemic plama samples with TG
level > 160 mg/dl were excluded from this group).
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When data from all three groups were analyzed together, TBARS
demonstrated strong inverse correlation with SOD (r = —0.84, p < 0.001) and
moderate inverse correlation with TAS (r = —0.47, p < 0.05) but not with
GPx. The correlation between TBARS and TG was not significant (r = 0.15,
p=0.54). TBARS tended to correlate negatively with total plasma cholesterol,
HDL-cholesterol and VLDL+LDL cholesterol, but neither of these
relationships reached the level of significance. SOD activity was positively
correlated with HDL-cholesterol (r = 0.58, p = 0.018). Body weight correlated
significantly only with plasma triglycerides (r = 0.54, p = 0.031) but not with
either other lipid parameters or oxidant-antioxidant parameters.

DISCUSSION

Measurement of TBARS concentration, although non-specific, is widely
used as an indicator of lipid peroxidation process and indirectly, of oxidative
stress. Increased TBARS together with alterations of antioxidant mechanisms
reported in this study indicates that oxidative stress is associated with
dietary-induced obesity, at least in the rat. Interestingly, in our study the
difference of body weight between control and experimental groups was rather
moderate whereas changes in TBARS and SOD activity were very pronounced.
TBARS, GPx and TAS values were similar in both obese groups irrespectively
of administered diet whereas SOD activity was more severely affected in
HCHF group.

Only few previous studies addressed the problem of oxidative stress in
obesity. Congenitally obese (ob/ob) mice are characterized by increased
concentration of lipid peroxidation products in plasma, liver and brain and
increased susceptibility of hepatic microsomal fraction to undergo peroxidation
in vitro (29). They also demonstrate increased brain and blood glutathione
peroxidase and decreased GPx, glutathione reductase and catalase activity in
the liver (30). Cu,Zn-SOD in liver and kidney and hepatic glutathione
transferase activity are lower in ob/ob mice than in their lean littermates (31).
Increased concentration of lipid peroxidation products and stimulation of
manganese SOD activity has been described in myocardium of Zucker fatty
rats (32). These data were obtained in specific models of obesity: leptin
deficiency (ob/ob mice) or defective leptin receptor (Zucker fatty rats).
However, together with our findings obtained in animals made obese by
cafeteria diet they support the hypothesis that oxidative stress is associated
with obesity itself irrespectively of underlying cause.

The cause of increased free radicals formation and consequently of
enhanced lipid peroxidation in obesity can not be deduced from our study.
Malonyldialdehyde (MDA), the main component of plasma TBARS, originates
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from several sources: 1) peroxidation of plasma lipids, 2) blood platelets, 3)
peroxidation of lipids in endothelial and other cells (33). Therefore the
mechanism of increased TBARS in obesity may be multifactorial. First, high
calorie diet may stimulate mitochondrial oxidative metabolism and increase
leakage of electrons from mitochondrial respiratory chain (34). The opposite,
i.c. decreased mitochondrial free radicals formation and improvement of
antioxidant defence was observed following caloric restriction (35). Second, free
radical cascade may be triggered by activated phagocytes which generate
oxygen free radicals during respiratory burst (36). Adipocytes secrete TNF-a
— a potent stimulator of phagocytes respiratory metabolism (37) and the
expression of this cytokine increases in obesity (8). Adipose tissue is also the
source of interleukin-6 (IL-6) — another proinflammatory cytokine (10).
Plasma concentration of both TNF-u and IL-6 increases in obese rodents and
humans (9, 38, 39). Consequently it is conceivable to assume that obesity is
associated with chronic low-level inflammation (40). Indeed, increased
adhesiveness and superoxide production by granulocytes have been
demonstrated in obese humans (41).

Altered plasma lipid profile could also contribute to increased lipid
peroxidation, Both experimental groups have demonstrated different lipid
abnormalities. In HCHF group we have observed hypertriglyceridemia and,
although non-significant, tendency to elevation of VLDL + LDL cholesterol.
Interestingly, the amount of cholesterol contained in HDL fraction did not
change in this group, whereas it decreased significantly in HCNF group. In
contrast to HCHF group, plasma triglycerides were nermal and VLDL + LDL
cholesterol tended to decrease in HCNF-fed animals. At present we can not
explain why HDL fraction behaved differently in both experimental groups.
However, lack of detrimental effect of HCHF diet on HDL cholesterol should
not suggest that this type of diet is more beneficial than high-calorie diet with
normal fat content. In particular, plasma triglycerides and VLDL+LDL
cholesterol changed in an unfavourable manner in HCHF-fed animals. SOD
activity was also more profoundly affected in HCHF than in HCNF group. In
addition, we have assayed only total HDL cholesterol without analysis of its
subfractions. Some HDL particles, which contain apoprotein E, can bind to
LDL receptors as well as to scavenger class B type I receptors and may be
atherogenic (42). The concentration of HDL with apo-E increases following
high-fat diet and could be elevated in HCHF group.

Hypertriglyceridemia observed by us in HCHF group could contribute
significantly to oxidant-antioxidant imbalance. It may increase lipid
peroxidation simply by an excessive availability of substrates - fatty acids
contained in plasma triglycerides, since TBARS/TG ratio in this group did not
differ from control.. Plasma lipid peroxides concentration is significantly higher
in patients with hyperlipidemia (43, 44). Moreover, hypertriglyceridemia has
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been demonstrated to increase oxidative metabolism and release of superoxide
anion by polymorphonuclear leukocytes (45) and monocytes (46, 47). Increased
concentration of lipid peroxidation products was described in sucrose-fed rats
(48) and fructose-fed rats (49) — two models of hypertriglyceridemia not
accompanied by obesity.

Hypercholesterolemia is also associated with elevated plasma lipid
peroxides concentration (43, 50). Dietary-induced hypercholesterolemia in the
rabbit stimulates superoxide anion production by leukocytes (50) and by
endothelial cells (51). Urinary excretion of isoprostanes — the marker of in
vivo lipid peroxidation is increased in patients with hypercholesterolemia (52).
However, these results should not be extrapolated to rats which, unlike rabbits
and humans, have very low plasma LDL concentration. Dietary-induced
hypercholesterolemia in the rat is not associated with changes in MDA level
either in plasma or in liver homogenates (53, 54). In contrast to our results,
hypercholesterolemia in the rat increased erythrocytes SOD and decreased
GPx activity (54). In addition, TBARS tended to correlate negatively with
VLDL+LDL cholesterol in our study. Thus it is unlikely that
hypercholesterolemia contributed significantly to oxidative stress in
HCHF-group.

In HCNF group TBARS/TG ratio clearly increased indicating that lipid
peroxidation resulted from causes other than availability of substrate. This
group was also characterized by lowering of total and HDL cholesterol.
Negative correlation between TBARS and HDL together with known
antioxidant properties of this lipoprotein fraction (55) suggest that decreased
HDL could contribute to enhanced lipid peroxidation. However, since changes
in TBARS, antioxidant enzymes and TAS are similar and of similar magnitude
in both obese groups, it seems that in general obesity itself is more important in
inducing oxidative stress than lipid abnormalities, which were clearly different
in both groups.

One of sources of plasma MDA may be platelet arachidonate metabolism
(56). The aggregability of platelets is increased in hyperlipidemia and obesity
(43, 52, 57, 58). Although platelet count was normal in our model of obesity we
can not exclude that platelet hyperactivity contributed substantially to
increased lipid peroxidation.

We have observed a negative correlation between plasma TBARS level and
SOD activity. Decreased SOD may be secondary to enzyme inactivation by
oxygen free radicals but this mechanism probably can not solely explain lower
dismutase activity because the level of TBARS was similar in both experimental
groups whereas SOD was more affected in high fat group. Alternatively
TBARS may arise from primarily impaired SOD scavenging activity.

In conclusion, this study demonstrates that dietary-induced obesity results
in oxidative stress, as evidenced by increased plasma level of lipid peroxidation
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products, exhaustion of nonenzymatic antioxidants and changes in the activity
of antioxidant enzymes. Oxidative stress can contribute to such complications
as atherosclerosis, arterial hypertension, endothelial dysfunction and diabetes
mellitus, which often accompany obesity.

Acknowledgements: This study was supported in part by a grant PW 500/99 from Medical

University, Lublin, Poland. The authors wish to thank Mrs Agnieszka Goralczyk for valuable help
in performing the analyses.

This work was presented in part at the IIl International Congress of Pathophysiology in

Lahti (28 June — 3 July 1998) and published in the abstract form (Pathophysiology 1998;
5 Suppl 1: 45).

11.

REFERENCES

. Hubert HB, Feinleib M, McNamara PM, Castelli WP. Obesity as an independent risk factor

for cardiovascular disease: a 26-year follow-up of participants in the Framingham Heart Study.
Circulation. 1983; 67: 968—977.

. Jousilahti P, Tuomilehto J, Vartiainen E, Pekkanen J, Puska P. Body weight, cardiovascular

risk factors, and coronary mortality. 15-year follow-up of middle-aged men and women in
eastern Finland. Circulation 1996; 93: 1372—1379.

. Rosengren A, Wedel H, Wilhelmsen L. Body weight and weight gain during adult life in men in

relation to coronary heart disease and mortality. A prospective population study. Eur Heart
J 1999; 20: 269—277.

. Reaven GM. Banting lecture 1988. Role of insulin resistance in human disease. Diabetes 1988;

37: 1595—1607.

. Despres JP, Lamarche B, Mauriege P et af. Hyperinsulinemia as an independent risk factor for

ischemic heart discase. N Eng! J Med 1996; 334; 952—057.

. Alessi MC, Peiretti F, Morange P, Henry M, Nalbone G, Juhan-Vague 1. Production of

plasminogen activator inhibitor 1 by human adipose tissue: possible link between visceral fat
accutnulation and vascular disease. Digberes 1997, 46. 860—867.

. Samad F, Loskutoff DJ. Hemostatic gene expression and vascular disease in obesity: insights

from studies of genetically obese mice. Thromb Haemost 1999; 82 742—747,

. Hotamisligil GS, Arner P, Caro JF, Atkinson RL, Spiegelman BM. Increased adipose tissue

expression of tumor necrosis factor-alpha in human obesity and insulin resistance. J Clin Invest
1995; 95: 2409—2415.

. Winkler G, Lakatos P, Nagy Z ef al. Elevated serum tumor necrosis factor-alpha and

endothelin 1 levels correlate with increased C-peptide concentration in android type obesity.
Diabetes Care 1998; 21: 1778—1779.

. Fried SK, Bunkin DA, Greenberg AS. Omental and subcutaneous adipose tissues of obese

subjects release interleukin-6: depot difference and regulation by glucocorticoid. J Clin
Endocrinol Metab 1998, 83; 847—850.

Karlsson C, Lindell K, Ottosson M, Sjostrom L, Carlsson B, Carlsson LM. Human adipose
tissue expresses angiotensinogen and enzymes required for its conversion to angiotensin TI.
J Clin Endocrinol Metab 1998; 83: 3925—3929.

. Oskarsson HJ, Heistad DD. Oxidative stress produced by angiotensin [I: Implications for

hypertension and vascular injury. Circulation 1997, 95 557—3559.

. Witztum JL: The oxidation hypothesis of atherosclerosis. Lancet 1994; 344: 793—795.



894

14.

15.

18.

19.

20.

21.

22,

23.

24,

25.

Holvoet P, Collen D. Oxidized lipoproteins in atherosclerosis and thrombosis. FASER J 1994;
8: 1279—1284.

Jialal 1, Devaraj S. Low-density lipoprotein oxidation, antioxidants, and atherosclerosis:
a clinical biochemistry perspective. Clin Chem 1996; 42: 498—506.

. Halliwell B, Gutteridge JMC, Cross CE. Free radicals, antioxidants, and human disease:

Where are we now? J Lab Chin Med 1992; 119: 598 -620.

. Kahn B, Pedersen O. Suppression of GLUT4 expression in skeletal muscle of rats that are

obese from high fat feeding but not from high carbohydrate fceding or genetic obesity.
Endocrinelogy 1993; 132: 13—22,

Ledwozyw A, Michalak J, Stépieri A, Kadziolka A. The relationship between plasma
triglycerides, cholesterol, total lipids and lipid peroxidation products during human
atherosclerosis. Clin Chim Acta 1986; 155: 275—284.

McCord JM, Fridovich 1. Superoxide dismutase. An enzymatic function of erythrocuprein
(hemocuprein). J Biol Chem 1969; 244: 6049—6055.

Fairbanks V, Klee GG. Biochemical aspects of hematology. In: Textbook of Clinical
Chemistry, Tietz NW, (ed.), W.B. Saunders Company, Philadelphia, 1986, pp. 1532—1534.
Paglia DE, Valentine WN. Studies on the quantitative and qualitative characterization of
erythrocyte glutathione peroxidase. J Lab Clin Med 1967, 70: 158—169.

Miller NJ, Rice-Evans C, Davies MJ, Gopinathan V, Milner A. A novel method for measuring
antioxidant capacity and its application to monitoring the antioxidant status in premature
neonates. Clin Sei 1993; 84: 407—412.

Rice-Evans C, Miller NJ. Total antioxidant status in plasma and body fluids. Methods
Enzymol 1994; 234: 279293,

Cao G, Prior RL. Comparison of different analytical methods for assessing total antioxidant
capacity of human serum. Clin Chem 1998; 44: 1309—1315.

McGowan MW, Artiss JD, Strandberrgh DR, Zak B. A peroxidase-coupled method for the
colorimetric determination of serum triglycerides. Clin Chem 1983; 29: 538— 542,

. Allain CC, Poon LS, Chan CS, Richmond W, Pu FC. Enzymatic determination of total serum

cholesterol. Clin Chem 1974; 20: 470—475.

. Finley PR, Schifman RB, Williams RJ, Lichti DA. Cholesterol in high-density lipoprotein: use

of Mg**/dextran sulphate in its enzymatic measurement. Clin Chem 1978; 24: 931—933,

. Lee HS, Jeong JY, Kim BC, Kim YS, Zhang YZ, Chung HK. Dictary antioxidant inhibits

lipoprotein oxidation and renal injury in experimental focal scgmental glomerulosclerosis.
Kidney Int 1997, 51: 11511159,

. Capel ID, Dorrell HM. Abnormal antioxidant defence in some tissues of congenitally obese

mice. Biochem J 1984; 219: 41—49,

. Watsan AM, Poloyac SM, Howard G, Blouin RA. Effect of leptin on cytochrome P-450,

conjugation and antioxidant enzymes in the ob./ob mouse. Drug Metab Dispos 1999; 27:
695---700.

. Prohaska JR, Wittmers LE, Haller EW. Influence of genctic obesity, food intake and

adrenalectomy in mice on selected trace element-dependent protective enzymes. J Nurr 1988;
118: 739—746.

. Vincent HK, Powers SK, Stewart DJ, Shanely RA, Demirel H, Naito H. Obesity is associated

with increased myocardial oxidative stress. Jnt J Obes Relat Metab Disord 1999; 23: 67—174.

- Frankel EN, Neff WE. Formation of malonaldehyde from lipid oxidation products. Biochim

Biophys Acta 1983; 754: 264—270.

. Bakker SJ, 1Jzerman RG, Teerlink T, Westerhof HV, Gans RO, Heine RJ. Cytosolic

triglycerides and oxidative stress in central obesity: the missing link between excessive
atherosclerosis, endothelial dysfunction, and beta-cell failure? Atherosclerosis 2000; 148:
17—21.



3s.

6.

37.

38

39.

41,

42,

43.

45.

46,

47.

48,

49,

30.

51.

52,

33,

34,

895

Sohal RS, Weindruch R. Oxidative stress, caloric restriction, and aging. Science 1996; 273:
59—63.

Rosen GM, Pou §, Ramos CL, Cohen MS, Britigan BE. Free radicals and phagocytic cells.
FASERBR J 1995; 9: 200—209.

Tsujimoto M, Yokota S, Vilcek J, Weissmann G. Tumor necrosis factor provokes superoxide
anion generation from neutrophils. Biochem Biophys Res Commun 1986; 137: 1094—1100.
Vgontzas AN, Papanicolaou DA, Bixler EO, Kales A, Tyson K, Chrousos GP. Elevation of
plasma cytokines in disorders of excessive daytime slecpiness: role of sleep disturbance and
obesity. J Clin Endocrinol Metab 1997; 82: 1313—1316.

Bastard JP, Jardel C, Delattre J, Hainque B, Bruckert E, Oberlin F. Evidence for a link
between adipose tissue interleukin-6 content and serum C-reactive protein concentrations in
obese subjects. Circulation 1999%; 99; 22212222,

. Yudkin IS, Stchouwer CD, Emeis JJ, Coppack SW. C-reactive protein in healthy subjects:

associations with obesity, insulin resistance, and endothelial dysfunction: a potential role for
cytokines originating from adipose tissue? Arterioscler Thromb Vase Biol 1999: 19: 972978,
Wierusz-Wysocka B, Kubicka M, Wykretowicz A, Kasprzak WP, Wysocki H, Wielkosé
produkgji anionéw ponadtlenkowych oraz adhezja granulocytéw obojetnochlonnych u aséb
z otyloscig. Pal Arch Med Wewn 1989; 82: 98—104.

Acton S, Rigotti A, Landschulz KT, Xu 8, Hobbs HH, Krieger M. Identification of scavenger
receptor SR-BI as a high density lipoprotein receptor. Scierce 1996; 272: 518—520.
Szczeklik A, Gryglewski RJ, Domagala B, Dworski R, Basista M. Dietary supplementation
with vitamin E in hyperlipoproteinemias: effects on plasma lipid peroxides, antioxidant activity,
prostacyclin generation and platelet aggregability. Thromb Haemost 1985; 54: 425--430.

. Efe H, Deger O, Kirci D, Karahan SC, Orem A, Calapoglu M. Decreased neutrophil

antioxidative cnzyme activities and increased lipid peroxidation in hyperlipoproteinemic
human subjects. Clin Chim Acta 199%; 279: 155—1635.

Ludwig PW, Hunninghake DB, Hoidal JR. Increased leucocyte oxidative metabolism in
hyperlipoproteinaemia. Lancer 1982; 2: 348—350.

Hiramatsu K, Arimori 8. Increased superoxide production by menonuclear cells of patients
with hypertriglyceridemia and diabetes. Diabetes 1988; 37; 832—837.

Pronai L, Hiramatsu K, Saigusa Y, Nakazawa H. Low superoxide scavenging activity
associated with enhanced superoxide generation by monocytes from male hypertriglyceridemia
with and without diabetes. Atherosclerosis 1991; 90: 39—47.

El Hafidi M, Banos G. In vivo plasma lipid oxidation in sugar-induced rat
hypertriglyceridemia and hypertension. Hypertension 1997, 3 624—628.

Faure P, Rossini E, Wiernsperger N, Richard MJ, Favier A, Halimi S. An insulin sensitizer
improves the free radical defense system potential and insulin sensitivity in high fructose-fed
rats. Diabetes 1999; 48; 353357,

Prasad K, Kalra J. Oxygen frec radicals and hypercholesterolemic atherosclerosis: cffect of
vitamin E. Am Heart J 1993; 125: 958—973.

Ohara Y, Peterson TE, Harrison DG. Hypercholesterolemia increases endothelial superoxide
anicn production. J Clin Invest 1993; 91: 2546—2551,

Davi G, Alessandrini P, Mezzetti A es al. In vive formation of 8-Epi-prostaglandin F2 alpha is
increased in hypercholesterolemia. Arterioscler Thrombh Vasc Biol 1997; 17: 32303235,
Santillo M, Mondola P, Milene A, Gioielli A, Bifulco M. Ascorbate administration to normal
and cholesterol-fed rats inhibits in vitro TBARS formation in serum and liver homogenates.
Life Sei 1996; 58: 1101—1108,

Erdincler DS, Seven A, Inci F, Beger T, Candan G. Lipid peroxidation and antioxidant status
in experimental animals: effects of aging and hypercholesterolemic diet. Clin Chim Acta 1997;
265 7784,



896

. Mackness MI, Durrington PM. HDL, its enzymes and its potential to influence lipid

peroxidation. Atherosclerosis 1995; 115; 243253,

. Smith JB, Ingerman CM, Silver MJ. Malondialdehyde formation as an indicator of

prostaglandin production by human platelets. J Lab Clin Med 1976; 88: 167—172.

. Joist JH, Baker RK, Schonfeld G. Increased in vivo and in vitro platelet function in type II-

and type 1V-hyperlipoproteinemia. Thromb Res 1979; 15 95—108.

. Davi G, Averna M, Catalano | er al. Increased thromboxane biosynthesis in type Ila

hypercholesterolemia. Circulation 1992; 85: 1792—1798.

Received: April 4, 2000
Accepted: October 18, 2000

Author’s address: Jerzy Beltowski, Department of Pathophysiology, Medical University,
ul. Jaczewskiego 8, 20-090 Lublin, Poland.

Tel: + +48817476510, Fax: + +4881 5328903.

E-mail: patfiz(@asklepios am. lublin.pl



