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Abstract

Recent studies suggest that adipose tissue hormone, leptin, is involved in atherogenesis, especially in obese subjects. Previously, we have
demonstrated that experimentally induced hyperleptinemia decreases plasma paraoxonase 1 (PON1) activity. The aim of this study was to
investigate whether treatment with synthetic antioxidant, Tempol, modulates the effect of leptin on plasma and tissue PONL in the rat. Leptin
was administered at a dose of 0.25 mgks.c. twice daily for 7 days and Tempol was added to the drinking water at a concentration of 2 mM.
Leptin reduced plasma PONL1 activity toward paraoxon, phenyl acetatg-dadanolactone to 71.1, 72.3 and 57.1% of control, respectively.

In addition, leptin decreased PONL activity toward paraoxon in aorta, renal cortex and medulla to 78.6, 49.2 and 48.0% of control, respectively,
but had no effect on PONL1 in heart, lung and liver. PON1 activity toward phenyl acetate was lower following leptin treatment only in aorta.
Leptin increased plasma concentration and urinary excretion of isoprostanes as well as malonyldialdehyde + 4-hydroxyalkenals level in aorta,
renal cortex and renal medulla. Coadministration of Tempol prevented leptin-induced oxidative stress and normalized PON1 activity in aorta
and kidney. However, Tempol had no effect on plasma PONL in leptin-treated rats. These data indicate that hyperleptinemia decreases tissue
PONZ1 activity through oxidative stress-dependent mechanism. In contrast, leptin-induced downregulation of plasma PONL1 is not mediated
by oxidative stress.

© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction cells [4], increase in platelet activit{p,6] and stimulation
of arterial thrombosiq7]. Leptin increases production of

Leptin is a recently described peptide hormone secretedproatherosclerotic endothelinf8], induces vascular calcifi-
by white adipose tissue, which acts on hypothalamic cation[9] and regulates lipid metabolism in macrophages and
centres and regulates food intake and energy expenditurefoam cells[10,11] Neointima formation after endovascular
Leptin receptors are also expressed in many tissues outsidénjury is markedly reduced in leptin deficient ob/ob mice
the brain including cardiovascular system. Plasma leptin and leptin-resistant db/db mice in comparison to wild-type
concentration is proportional to the amount of adipose tissue littermates[12,13] Leptin and its receptor are expressed
and is markedly increased in obese subjects as well as inin mice and human atherosclerotic lesighd,15] Finally,
animals with dietary-induced obesity. Recent studies suggestsome clinical studies indicate that high plasma leptin
that hyperleptinemia may contribute to the pathogenesis of correlates with reduced arterial distensibility, elevated
obesity-associated pathologies including arterial hyperten- markers of endothelial damage and increased carotid artery
sion and atherosclerogik,2]. Leptin exerts many potentially  intima-media thicknegd46—18] as well as is an independent
atherogenic effects such as stimulation of inflammatory cells predictor of acute cardiovascular everji®,20], hemor-
[3], migration and proliferation of vascular smooth muscle rhagic strokg21] and restenosis after coronary angioplasty

[22].
* Corresponding author. Tel.: +48 81 7425837; fax: +48 81 7425828. Oxidative stress, i.e. imbalance between the amount of
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mechanisms, plays an important role in atherogeri@sis

Several in vitro studies have demonstrated that leptin stimu-

lates ROS production by inflammatory cdll4], endothelial
cells[24,25]and other cell typep6,27] In contrast, little is
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every 12 h. Tempol (4-hydroxy-2,2,6,6-tetramethyl piperidi-
noxyl) is a synthetic membrane-permeable antioxidant and
superoxide dismutase mimetic which catalytically scavenges
superoxide anion radical ¢O). Tempol was added to the

known about the effect of leptin on antioxidant mechanisms. drinking water at a concentration of 2mM, which corre-
Paraoxonase 1 (PON1, EC 3.1.1.2) is synthesized in thesponded to a dose ef250pumol kg~t day 1. Before starting
liver and circulates attached to high-density lipoproteins their respective treatments, 24-h urine collection was made
(HDL). PONL1 protects plasma lipoproteins from oxidative in all animals kept in individual metabolic cages. The sec-
modification. The enzyme inhibits atherogenesis by hy- ond urine collection was performed during the last 24 h of
drolyzing bioactive lipid hydroperoxides (esterase activity), treatment. Urine was collected into sterile containers with
reducing peroxides to the respective hydroxides (peroxi- 10pl of 2mM EDTA and 10ul of 0.01% butylated hy-
dase activity) and hydrolyzing homocysteine thiolactone, droxytoluene (BHT) to prevent formation of isoprostanes
which prevents protein homocysteinylation (lactonase in vitro.

activity) [28]. Knockout of PON1 gene increases, whereas  The animals were anaesthetized with pentobarbital
transgenic PON1 overexpression decreases the size of50mgkg™?) 6h after the last injection. Blood was with-
atherosclerotic lesions in mic9,30] In humans, low drawn from the abdominal aorta into heparinized tubes (for
PONL1 activity is an independent predictor of acute coronary PON1 assay) and into EDTA-containing tubes (for PAF-AH,
eventq31]. plasma leptin, lipid profile and isoprostanes). Then, kidneys,

Recently, we have demonstrated that experimental liver, heart, thoracic and abdominal aorta and lungs were ex-
hyperleptinemia induced in lean rats by administration of cised and frozen in liquid nitrogen. Plasma, urine and tissue
exogenous leptin induces systemic oxidative stress andsamples were stored ai80°C until analysis. For the assay
decreases plasma PONL1 activiB2]. However, the causal of isoprostanes, plasma and urine samples were stored in the
relationship between these two effects remains unclear. ROSpresence of 0.05% BHT.
and lipid peroxidation products decrease PON1 production
in the liver[33] and inactivate HDL-bound enzynii&4,35]

On the other hand, reduced PON1 activity could cause
increase in plasma lipid peroxidation products. Therefore, = Plasma PON1 activity was assayed using three synthetic
in the present study, we investigated whether treatment with substrates: paraoxon (diethgnitrophenyl phosphate),
exogenous antioxidant attenuates the effect of leptin on phenyl acetate ang-decanolactone. PON1 activity toward
plasma PONL1. In addition, because PONL is contained notparaoxon was determined by measuring the initial rate of
only in plasma but also in tissues where it may confer local substrate hydrolysis tg-nitrophenol, which absorbance
antioxidant protectioifi36,37] we also examined the effect was monitored at 412nm in the assay mixture (RQO

of leptin on its activity in the liver and selected extrahepatic containing 2.0 mM paraoxon, 2.0 mM CaCind 20ul of
tissues. plasma in 100 mM Tris—HCI buffer (pH 8.0). The blank
sample containing incubation mixture without plasma was
run simultaneously to correct for spontaneous substrate
breakdown. The enzyme activity was calculated frEg,

of p-nitrophenol (18,290 M!cm™1) and was expressed

in Uml~1; 1U of enzyme hydrolyses 1 nmol of paraoxon
per min[38].

Enzyme activity toward phenyl acetate (arylesterase
activity) was determined by measuring the initial rate of
substrate hydrolysis in the assay mixture (3 ml) containing
2mM substrate, 2mM Cagland 10ul of plasma in
100 mM Tris—HCI (pH 8.0). The absorbance was monitored
dark cycle (lights on at 7:00 a.m.). After 2 weeks of accli- for 3min at 270 nm and the activity was calculated from
mation, they were randomized into six groups=@ each): E»>70=1310 ML cm~1. The results are expressed in Uthl
(1) control group fed standard rat chow ad libitum and re- 1 U of arylesterase hydrolyseguinol of phenyl acetate per
ceiving tap water to drink, (2) leptin-treated group, which min [38].
received leptin injections (0.25 mgk§ twice daily s.c. for PON1 activity towardy-decanolactone was measured in
7 days) and tap water to drink, (3) pair-fed group, in which the 2mM HEPES buffer (pH 8.0) containing 1 mM CacCl
the amount of food served was adjusted to food intake in the 0.004% phenol red, 0.005% BSA and 1 mM substrate. The
leptin group, (4) ad libitum-fed group receiving Tempol, (5) increase in absorbance was monitored at 422 nm after addi-
leptin-treated group receiving Tempol and (6) pair-fed group tion of sample and the rate of hydrolysis was calculated from
receiving Tempol. Animals not treated with leptin (groups the calibration curve obtained using known amounts of HCI.
1, 3, 4 and 6) received s.c. injections of 0.25 mgk@SA The activity was expressed igmol of acid produced by 1 ml

2.2. PON1 activity in plasma

2. Materials and methods
2.1. Animals and experimental protocol

The study was performed in 48 adult male Wistar rats
weighing 168t 5 g (meant S.E.M.) before the experiment.
The study protocol was approved by the Bioethical Com-
mittee of the Lublin Medical University. The animals were
kept at a temperature of 202°C with a 12-h light:12-h



J. Beltowski et al. / Pharmacological Research 51 (2005) 523-532 525

of serum during 1 mif39]. All PON1 measurements were 2.5. Indices of oxidative stress

made at 25C. o
The level of oxidative stress was assessed by mea-

2.3. PONLI activity in tissues suring plasma concentration and urinary excretion pf F
isoprostanes—the products of nonenzymatic peroxidation of
Tissue samples were thawed and the kidney was separate@rachidonic acid by reactive oxygen species. Isoprostanes
into cortex and medulla. Tissue slices were homogenized inwere assayed by enzyme immunoassay (EIA) using Cayman
10 volumes of 50 mM Tris—HCI (pH 8.0) containing 2mM Chemical 8-isoprostane EIA kit. Plasma or urine samples
CaCbh and the homogenates were centrifuged at 10,060  were mixed with ethanol and centrifuged to remove particu-
for 15 min. Then, supernatants were incubated for 15 min in late matter. Ethanol was evaporated from the supernatant un-
the presence of 10M paraoxon to inhibit B-type esterases, derastream of nitrogen. Then, supernatant was acidified with
which could interfere with PON1 ass§0]. PON1 activity acetate buffer to pH 4.0 and isoprostanes were extracted us-
toward phenyl acetate in tissue supernatants was assayed bing C-18 SPE cartridges (Waters Corporation, Milford, MA).
the same method as in plasma. The amount of supernatanfartridges were activated by rinsing with 5 ml methanol and
used for the assay was chosen to fit within the linear range 5 ml H2O and then the sample was passed through the car-
of the relationships between sample volume and the mea-tridge. The cartridge was rinsed with 5 ml of water, dried and

sured activity (liver: 1Qul, renal cortex and medulla: 34, rinsed with 5 ml of HPLC grade hexane. 8-Isoprostanes were
heart, lung and aorta: ). PON1 activity toward paraoxon  eluted with 5ml ethyl acetate containing 1% methanol. The
was measured in a microplate reader (EB0O, Bio-Tek In- solvent was evaporated to dryness; the sample was dissolved

struments, USA). Ten microliters of homogenate was mixed in 450l of EIA buffer and used for the analysis. All samples

with 300ul of the assay buffer containing 2mM substrate Wwere assayed in duplicate; before purification one set of sam-

and the increase in absorbance at 405 nm was monitored foiples was spiked with 8-isoprostane standard contained in the

5min in 1-min intervals (liver) or for 30 min in 5-min inter- kit to correct for individual recovery. The limit of the sensitiv-

vals (other tissues). The buffer used to measure tissue PONty of the assay was 5 pg mt and the intraassay coefficient

activity toward both substrates contained 2mM of phenyl- of variation was 8%.

methyl sulfonyl fluoride (PMSF) to inhibit serine esterases.  In addition, the level of malonyldialdehyde +4-

Enzyme activity in tissues was expressed in U per mg protein. hydroxyalkenals (MDA +4-HNE) was measured in

Protein concentration was assayed by the method of Lowry liver, heart, lung, renal cortex, renal medulla and aorta using

etal.[41]. Bioxytech LPO-586 assay kit (Oxis International, Portland,

OR, USA). After thawing, tissues were homogenized in
2.4. Platelet activating factor acetylhydrolase (PAF-AH) 20mM Tris buffer (pH 7.4) containing 5mM BHT and
activity 20mM EDTA to prevent lipid peroxidation in vitro. The
homogenate was centrifuged at 10,608 for 10 min and

Plasma platelet activating factor acetylhydrolase (PAF- MDA +4-HNE level was measured in the supernatant. The

AH), a member of phospholipase,Aamily, is produced  results are expressed in pmol per mg protein.

by macrophages and is contained in LDL in humans and

HDL in rodents. Like PON1, PAF-AH hydrolyzes oxidized 2.6. Other assays

phospholipids and may be involved in atheroprotection.

Plasma PAF-AH activity was measured by two methods.  Plasma leptin was assayed using Leptin Enzyme Im-

In one of them[42], PAF-AH hydrolyses 1-myristoyl- ~munoassay Kit (Cayman Chemical). Plasma triglycerides,

2-(4-nitrophenylsuccinyl)phosphatidylcholine  producing total cholesterol and HDL-cholesterol were measured us-

4-nitrophenyl succinate. This compound degrades sponta-ing routine enzymatic methods (Thermo Electron Co., Noble

neously in aqueous solutions and liberates 4-nitrophenol, Park, Victoria, Australia).

whose formation is monitored spectrophotometrically at

405 nm. The activity is expressed in U per liter, 1U of PAF- 2 7. Reagents

AH hydrolyses Jumol of substrate during 1 min. This assay

was performed using commercially available kit (Azwell Recombinant human leptin was purchased from R&D
Inc., Osaka, Japan). In the second method (PAF-AH assaysystems (Abingdon, Oxon, UK). As recommended by the
kit, Cayman Chemical, Ann Arbor, MI, USA), 2-thio-PAFis  manufacturer, the vial containing 5mg was dissolved in
used as a synthetic substrate. After hydrolysis of the acetyl 2 5ml of 15 mM HCI and then 1.5 ml of 7.5 mM NaOH was
thioester bond at the sn-2 position by PAF-AH, free thiols are added to bring pH to 5.2. This solution was diluted with the
detected using 5,5-dithiobis(2-nitrobenzoic acid) (DTNB; 15mM HCI/7.5 mM NaOH mixture (5:3, v/v), frozen, stored
Ellman’s reagent). Enzyme activity is calculated from the at—40°C and thawed immediately before use. BSA was dis-
rate of increase in absorbance at 405nm using DTNB solved in this HCI/NaOH mixture and administered as a vehi-
extinction coefficient (10.0mM! cm1), and is expressed ¢l into animals not treated with leptin. Other reagents were
in U per liter; 1 U hydrolyses fumol of 2-thio-PAF per min.  gbtained from Sigma—Aldrich (St. Louis, MO, USA).
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2.8. Statistics group, but this effect was not significant. However, due to
numerically lower HDL-cholesterol in pair-fed than in con-
Data are reported as mearS.E.M. from eight ani- trol group, the difference between leptin-treated and pair-fed

mals in each group. Baseline and post-treatment urinary group was not significant. Among Tempol-treated rats, leptin
excretion of isoprostanes in a given group was comparedhad no effect on HDL-cholesterol. Plasma HDL-cholesterol
by repeated-measures ANOVA. Comparisons between dif-in ad libitum-fed animals receiving Tempol was 79.9% of
ferent groups were performed by ANOVA followed by control P <0.01). Incontrast, Tempol had no effect on HDL-
Student—Newman—Keuls post hoc testPA 0.05 was con-  cholesterol in either leptin-treated or pair-fed rats. Plasma
sidered significant. triglycerides did not differ between groupgaple J).

3.3. Plasma PON1 activity
3. Results
Leptin decreased plasma PONL activity toward paraoxon,
3.1. Characteristics of experimental groups phenyl acetate angrdecanolactone to 71.1, 72.3 and 57.1%
of control, respectively, and to 74.1, 76.7 and 66.7% of
There were no significant differences in food intake, wa- activity toward these substrates observed in pair-fed group
ter intake and body weight between groups before treatment.(Fig. 1). Tempol administration did not change PON1 activ-
Administration of vehicle solution into control animals had ity in ad libitum-fed or pair-fed animals. Moreover, Tempol
no effect on these variables. Food intake was significantly did not attenuate the inhibitory effect of leptin on plasma
lower in leptin-treated animals only on sixth and seventh PON1. PON1 activity toward paraoxon, phenyl acetate and
day of the experiment; however, final body weight was sim- ~-decanolactone in leptin-treated animals receiving Tempol
ilar in all groups. Tempol had no effect on food intake in  was 83.1, 80.4 and 48.7% of activity in ad libitum-fed animals
ad libitum-fed, leptin-treated and pair-fed animalalgle J). receiving Tempol, respectively, and 83.3, 74.7 and 53.9% of
Plasma leptin concentration in leptin-treated rats increased tothe respective activities observed in pair-fed group receiving
318.2% of control, whereas in pair-fed group plasma leptin Tempol Fig. 1).
decreased to 48.5% of control. Plasma leptin concentration in
ad libitum-fed, leptin-treated and pair-fed animals receiving 3 4. PON1 activity in tissues
Tempol did not differ from the respective groups receiving

tap water without this antioxidant. PONL1 activity in the liver and heart was similar in all
experimental groups. In the renal cortex of leptin-treated an-
3.2. Plasma lipid profile imals, PONL1 activity toward paraoxon was 49.2% of control

(P<0.01) and 44.2%R < 0.001) of activity in pair-fed group
Total plasma cholesterol tended to be lower in leptin- (Fig. 2). Administration of Tempol had no effect on renal cor-
treated and in pair-fed animals than in ad libitum-fed rats, tical PON1 activity in ad libitum-fed and pair-fed animals, but
both in those which received tap water and in those which re- normalized its activity in leptin-treated rats. Leptin decreased
ceived Tempol. In addition, total plasma cholesterol tended PON1 activity toward paraoxon also in the renal medulla to
to be lower in groups receiving Tempol than in the respec- 48.0% of control P<0.001) and to 46.5%0(< 0.001) of ac-
tive groups, which received tap water. However, neither of tivity in pair-fed group. Co-treatment with Tempol prevented
these differences reached the level of significance. In ani-leptin-induced decrease in paraoxon-hydrolyzing activity in
mals, which were not treated with Tempol, leptin decreased renal cortical homogenate&ig. 2). PON1 activity toward
plasma HDL-cholesterol to 81.3% of control. In pair-fed phenylacetate tended to be lower in the renal cortex of leptin-
group, HDL-cholesterol tended to be lower than in control treated than of control rats; however, the difference was not

Table 1
The effect of leptin on food intake, body weight, plasma leptin and lipid profile

Control Leptin-treated Pair-fed ad libitum + Tempol Leptin + Tempol Pair-fed + Tempol
Food intake (g day')? 214+ 1 15+ 1 15+ 2" 20+ 1 14+ 2 14 + 27
Body weight (g¥ 209+ 2 207+ 6 208+ 6 207+ 7 216+ 8 218+ 6
Plasma leptin (ng mit) 3.69+ 0.15 11.74+ 0.76™  1.79+ 0.13 3.53+ 0.13 11.56+ 0.86™ 1.494+ 0.16
Total cholesterol (mM) 2.5& 0.33 2.04+ 0.21 2.16+ 0.30 2.04+ 0.27 1.64+ 0.19 1.77+ 0.17
HDL-cholesterol (mM) 1.39+ 0.05 1.13+ 0.04” 1.23+ 0.04 1.11+ 0.08" 0.95+ 0.04” 1.07+ 0.08"
Triglycerides (mM) 0.76+ 0.09 0.73+ 0.07 0.75+ 0.07 0.70+ 0.19 0.84+ 0.2 0.77+ 0.06

@ During 7th day of treatment.

b After 7 days of treatment.

* P<0.05, compared to control group.
** P<0.01, compared to control group.
** P<0.001, compared to control group.
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paraoxon activity toward 2-thio-platelet activating factor was similar
T 250 in all groups (control: 56.%5.9UI1, leptin-treated
5 200 - .o group: 47.6£4.5UI1, pair-fed group: 50.3:5.2U I,
< 1504 ¢ 1 ad libitum-fed group receiving Tempol: 51473.1 U1,
2 leptin-treated group receiving Tempol: 4%&B.5U1,
s 1001 pair-fed group receiving Tempol: 46434.1 U 1),
Z 50
e 0 3.6. Lipid peroxidation products
ad libitum-fed leptin-treated pair-fed
Urinary excretion of isoprostanes was similar in all groups
= 200 - phenyl acetate before treatment and did not change in the control group
—é 160 | . following vehicle administration (not shown). Plasma con-
=) # 1 centration and urinary excretion of 8-ispoprostanes increased
2 120 following leptin treatment to 163.4 and 180.9% of control,
-% 80 - respectivelyFig. 3). Plasma and urinary isoprostanes in pair-
s fed group did not differ from control. Tempol had no effect
3 40 on plasma and urinary 8-isoprostanes in either ad libitum-fed
o o or in pair-fed group. However, Tempol prevented increase in
ad libitum-fed  leptin-treated pair-fed plasma concentration and urinary excretion of 8-isoprostanes
sdecanolactone induced by leptin treatment.

18 - Oxidative stress in tissues was assessed by measuring
> L :ﬁ: MDA + 4-HNE concentration. The level of these lipid per-
SE L] oo oxidation products in liver and heart did not differ between
S £ 104 Fon groups. Leptin increased MDA +4-HNE concentration in
b= E : : the renal cortex and medulla to 139.6 and 146.9% of control,
SE 4 respectively. Renal MDA + 4-HNE in pair-fed group did not

= 24 differ from control. Tempol had no effect on MDA + 4-HNE

either in ad libitum-fed or in pair-fed groups; however, it
prevented increase in MDA +4-HNE induced by leptin.
Fig. 1. Plasmaparaoxonase (PON1) activity toward different substratesinad Similarly, leptin treatment increased MDA +4-HNE in
libitum-fed, leptin-treated and pair-fed rats receiving tap water (open bars) or aortic homogenates to 139.5% of control and this effect was

2mM Tempol (closed bars) to drink. Leptin was administered s.c. at a dose prevented by coadministration of Temp#&id. 4).
of 0.25mgkg! twice daily for 7 days. PON1 was assayed in heparinized

plasma’P<0.05,” P<0.01 vs. control groug’P < 0.05 vs. pair-fed group,

fP<0.05,1TP<0.01 vs. pair-fed group receiving Tempol.

control leptin-treated pair-fed

4. Discussion

significant. There were no significant differences in phenyl
acetate-hydrolyzing activity in the renal medulla between ex-
perimental groups. Aortic PON1 activity toward paraoxon
and phenyl acetate decreased in leptin-treated animals to 78.
and 71.1% of control, respectively, and to 7/6:(0.05) and

The results of this study confirm our previous observation
[32] that experimentally induced hyperleptinemia decreases
lasma PONL1 activity. In addition, leptin reduced enzyme
ctivity in the kidney and aorta but had no effect on PONL1 in

77 6% 0.05) of activiti dqth b ; . theliver, heart and lung. Treatment with Tempol ameliorated
6% £<0. 5 ) of activities toward these substrates in pair- leptin-induced oxidative stress and normalized PON1 activity
fed group. This effect was abolished by Tempeig( 2). In in tissues but not in plasma

lung homogenates, PON1 activity toward both substrates was Although leptin increases ROS generation in isolated or

similar in all groups. cultured cells[24-27] little is known about its effect on
oxidative stress in vivo. Herein, we demonstrate that leptin
3.5. Plasma PAF-AH induces systemic oxidative stress as evidenced by increase
in plasma and urinary isoprostanes. In addition, MDA + 4-
Consistently with our previous study32], plasma HNE level increased in the kidney and aorta following
PAF-AH activity toward 1-myristoyl-2-(4-nitrophenylsucc- leptin treatment. Recent study has demonstrated that leptin
inyl)phosphatidylcholine was not different between administered at a dose of 0.23 mgKgevery alternate day
groups (control: 36&35UI"1, leptin-treated group: for 2 weeks had no effect on lipid peroxidation products
348+ 111U 171, pair-fed group: 347 12 1U12, ad libitum- and antioxidant enzymes in mice liver and kidng3].
fed group receiving Tempol: 46418 1U |1, leptin-treated Nevertheless, leptin augmented oxidative stress induced
group receiving Tempol: 338391U1-1, pair-fed group by ethanol, which suggests that leptin per se had some
receiving Tempol: 428 211UI~1). Moreover, PAF-AH subthreshold prooxidant activity. It is unclear at present
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Fig. 2. Tissue PONL1 activity toward paraoxon (open bars) and phenyl acetate (closed bars). T, ad libitum-fed group receiving Tempol; L,éemimdmat
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Fig. 4. The effect of leptin on lipid peroxidation products: malonyldialdehyde and 4-hydroxyalkenals (MDA + 4-HNE) in tissues of control (a€fdithjtum
leptin-treated and pair-fed rats not treated with Tempol (open bars) or receiving this antioxidant (closétd&@)01,” P <0.001 vs. control group.

why leptin-induced oxidative stress only in kidney and kidney leptin decreased PONL1 activity only toward paraoxon
aorta in the present study. Leptin receptors are expressedut not toward phenyl acetate. It should be noted that the
in the vascular wall and leptin stimulates ROS production ratio between phenyl acetate- and paraoxon-hydrolyzing
in cultured endothelial cellf24,25] In the kidney, leptin activities was close to 1 in plasma and other tissues but
stimulates the expression of prooxidant cytokine, transform- was much higher in the kidney@:1 in the renal medulla
ing growth factorg (TGF8) and its receptor in glomerular and~4:1 in the renal cortex). This may indicate that in the
endothelial and mesangial cel[d4—46] Chronic leptin kidney phenyl acetate hydrolysis is catalyzed also by other
infusion-induced glomerulosclerosis resembles nephropathyenzyme(s) in addition to PON#7]. In particular, PON3 is
often observed in obesif$5]. Thus, oxidative stress may be a PON1-related enzyme, which hydrolyzes phenyl acetate
involved in the pathogenesis of renal lesions associated withbut not paraoxorj48]. Whereas plasma PON3 activity is
hyperleptinemia and obesity. It remains to be established about two orders of magnitude lower than PON1, PON3 is
whether more severe and/or longer lasting hyperleptinemiaexpressed in substantial amounts in the kidi#8]. PON3
could stimulate oxidative stress also in other tissues. activity is inhibited by ROS and lipid peroxidation products,

It should be noted that leptin decreased PON1 activity butin contrastto PONL its gene expression is not sensitive to
only in tissues in which it stimulated oxidative stress, i.e. oxidative stresf50,51] One may speculate thatin the kidney
in aorta and kidney. Tempol ameliorated leptin-induced ox- phenyl acetate-hydrolyzing activity is partially accounted
idative stress and normalized PONL1 activity in these organs.for by PON3, which is less sensitive to oxidative stress than
These data suggest that leptin-induced downregulation of PON1. Alternatively, paraoxon-hydrolyzing activity of renal
tissue PONL1 is accounted for by enzyme inactivation by PON1 might be more sensitive to leptin-induced oxidative
ROS and/or lipid peroxidation products. Interestingly, in the stress than its activity toward phenyl acetate.
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The effect of antioxidants on plasma PONL1 is controver- Antioxidant treatment with Tempol prevents leptin-induced
sial. In vitro studies suggest that antioxidants protect isolated oxidative stress and normalizes PON1 activity in tissues
PONL1 from free radical-induced inactivati@®4]. Jarvik et but not in plasma. These data indicate that hyperleptinemia
al.[52] have reported positive correlation between dietary in- downregulates plasma and tissue PON1 through divergent
take of Vitamins C and E and plasma PON1 activity. However, mechanisms. PON1 deficiency and oxidative stress may
other studies demonstrate no chan@&s54]or even suggest  contribute to accelerated atherogenesis as well as to renal
negative effecfs5] of dietary antioxidants on plasma PON1. complications in hyperleptinemic obese individuals.

In the present study, Tempol had no effect on plasma PON1
in either control or leptin-treated rats, although it ameliorated
oxidative stress in hyperleptinemic animals. These data sug-
gest that in contrast to aorta and kidney, decrease in plasma
PON1 activity in leptin-treated rats is not accounted for by
oxidative stress. Previously, we have suggested several pos
sible mechanisms through which leptin could downregulate
plasma PON1, such as altered composition of HDL patrticles,
stimulation of inflammatory cytokines and/or acute phase References
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