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ABSTRACT

Background and the purpose of the study: Peroxisqraiferator ligands have been found to have a
hepatoprotective effect against induced injuriesh@patotoxicants. Felll:8HQ induces oxidative strés freshly
isolated cells. The hepatoprotective effects ofilmlate and its novel siliconized analog (silafibei against the
Felll:8HQ complex are compared here for the fiigte. Methods: A siliconized analog of clofibratgthesized
by replacement of the chlorine atom in the phenaityg with trimethylsilyland ethyl2-methyl-2-(4-
(trimethylsilyl)phenoxy)propionate was prepared. pdicytes were obtained from male rats by a twp-ste
collagenase perfusion. The viability of isolategh&®cytes was evaluated by Trypan blue exclusicdhadelevels
of reactive oxygen species (ROS) were measured théthluorescent probe§2-dichlorofluorescein diacetate
(DCFHDA). Mitochondrial membrane potential was m@asl by using Rhodamine 123 fluorescence. Results:
Incubation of hepatocytes with low to moderatekidaloses of silafibrate (200, 250, 400, and a®) for 3 hours
did not evoke a notable toxic response in three-iapeated experiments. However, higher dosesniM)2have
significant toxicity in Trypan blue exclusion ceiability experiments. Mitochondrial membrane pdigndecrease
was prevented by pretreatment of hepatocytes wlitfibrate and/or silafibrate, 20 minutes before aug
Felll:8HQ complexes (I, 1l). 10QM clofibrate protected hepatocytes against FelH@ induced ROS production,
whereas silafibrate with 100, 200, and 40M strongly inhibited ROS production. Conclusion:e$a results
demonstrate that fibrates have an in vitro hepabtgctive effect against oxidative stress. Silafiérahe novel
analog, has a better effect in protection againgtiative stress in comparison with clofibrate.

Keywords: Hepatocytes, Clofibrate, Silafibrate, Oxidativeess.

Abbreviations:ANOVA, analysis of variance; APaScorbate peroxidaseBSA, bovine serum albumin; DCF,
dichlorofluorescein; DCFH-DA, dichlorofluorescin atietate; DMSO, dimethyl sulfoxide; Felll:HQ, ferri-
hydroxyquinoline; HO,, hydrogen peroxide; HDL, High-density lipoproteitjEPES, 4-(2-hydroxyethyl)-1-
piperazine-ethanesulfonic acid; LDL, Low-densigolrotein; MDAR, monodehydroascorbate reductase®TH,
mitochondrial permeability transition pore ; PPAReroxisome proliferator activated receptor; RO8agctive
oXygen species; rpm, rotations per minute; SD, daath deviation; SOD, superoxide dismutase; TBARS, 2
thiobarbituric acid-reactive substances$¥,, percentage of mitochondrial membrane potentialide.

Comparison of hepatoprotective effects of clofibrand its novel siliconized analog in isolated mapatocytes

1895
Scholars Research Library



Mohammad A. Eghbal et al Annals of Biological Research, 2012, 3 (4):1895-1903

INTRODUCTION

Clofibrate is a synthetic agonist of peroxisomelifemator activated receptar-(PPARa). PPARs are a nuclear
receptor super family naturally activated by a éangariety of fatty acids and fatty acid metabolitesch as
hydroxylated eicosanoids, prostaglandins, and leigtes, and by many synthetic compounds [41]. @meseptors
are ligand-dependent transcription factors thatctassified as three subtypes known as PRARPARS$/3, and
PPARy. Peroxisome proliferator-activated receptors (PBAperform diverse roles in metabolic processes) sis
H,0,-derived respiratiorf}-oxidation of fatty acids, and cholesterol metadoli11]. PPARa is highly expressed in
hepatocytes, cardiomyocytes, enterocytes, and rpmatimal tubule cells [17]. PPAR- increases hepatic
peroxisome volume and density, or peroxisome maifon. Observations show that fenofibrate maysboo
endothelial function, reveal antioxidant and anflammatory effects, attenuate thrombotic processl decrease
serum uric acid levels [48]. It has been clearlyndastrated that treatment with peroxisome proltfeealigands
such as clofibrate could prevent chemically inducsd@ative injuries [18,49]. Nafenopin, a PPARs i\atbr,
weakens hydrogen peroxide toxicity in cultured pamary hepatocytes [34Pretreatment of mice with fibrates
alters the generation of thiobarbituric acid resctsubstances (TBARS) induced by acute doses -ofatr
dichloroacetic acid [19].

Oxidative stress is caused by an imbalance betwleerproductions of reactive oxygen species (ROS%) the
biological system'’s capability to rapidly neutralithe reactive intermediates [12ROS have a major effect on
oxidation of low density lipoproteins (LDLs) andtefward in the formation of atherogenesis. Variouglative
stresses such as elevation of ROS production anmfmired antioxidant defense are likely to resmlexcessive
peroxidation of polyunsaturated fatty acids corediim LDL particles and, therefore, may acceleadkerogenesis.
Previous studies concerning the effect of fibratesoxidative stresses are extremely controverSiame of them
reported antioxidant activity of these drugs [7, 26, 30, 39]. whereas other studies demonstrategffect [5, 22,
33] or even prooxidant properties of fibrates [8, 20].

Investigation for effective and safe lipid loweriragents has engaged the interests of medicinal istem
biochemists, pharmacologists, and clinicians. Té®af organosilicon chemistry in drug design hanhkgeviously
reviewed [20, 36, 38, 42, 50]. In general, silalmepment may affect the chemical and physicochdniias and
may alter the biological properties; for examplegdified bond lengths and angles may change the culgs
interaction with a receptor and, thus, the phardeageal selectivity and/or potency [44]. Recentiljcon switches
of marketed drugs have been reviewed [Eliconized analog of prevalent drugs modify theometric and
electronic aspects and, therefore, the size, slagpdormational behavior, chemical reactivity, dipdphilicity of
the molecule. This might, in turn, change the mtépn with a receptor and, thus, alter the phaodgeamics of
the drug. The metabolism of the drug may change thedefore, also metabolism-related toxicity [48%amples of
silicon switches are sila-haloperidol, sila-veniaf@, sila-fexofenadine, and disila-bexarotene,clvtdare studied in
different in vitro systems [36]. Fibric acid deriixees (fibrates) represent an important class pitllimodifying
agents. In the search for analogs of clofibratesiliaonized analog (silafibrate) was synthesizedhereby the
chlorine atom in the phenoxy ring was replaced bylicaon, and ethyl2-methyl-2-(4-
(trimethylsilyl)phenoxy)propionate was preparedg(iFe 1) . Clofibrate, developed in 1965, the fiilstate drug, is
no longer recommended as a lipid-lowering agent [18
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Figure 1. Chemical structures of clofibrate (upper panel) and Silafibrate (lower panel)
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Freshly isolated hepatocytes in suspension comrtaiomplete complement of drug metabolizing enzymasain
viable for several hours, and possess relevant tiamgport proteins [16, 37]. As a minor part ofeattensive study
on silafibrate, including synthesis and pharmadalggoroperties, its effects on freshly isolatethapatocytes were
tentatively identified.

In this study, we have compared the effects ofilctafe with those of silafibrate, in freshly is@dthepatocytes
exposed to oxidative stress induced by Felll-8H&ctaomplex.

MATERIALSAND METHODS
Chemicals
Clofibrate was gifted by Zahravi Pharmaceutical (fabriz - Iran). A siliconized analog of clofibeathat is here
calledSilafibratewas synthesed in Chemistry and Chemical Enging&esearch Center of Iran (Tehran — Iran).
Bovine serum albumin (BSA), collagenase A (from SBimlium histolyticum) and N-(2-hydroxyethyl) pieine-
NO-(2-ethanesulfonic acid) (HEPES) were obtainedmfr Roche diagnostics (Indianapolis, USA);,72
dichlorofluorescein diacetate (DCFHDA) and Rhodamit?3, from FLUKA. Heparin sodium salt grade 1-A,
Trypan Blue (0.2%, w/v), Methanol, MgSO4, and otheffer salts were obtained from Merck (Germany).other
chemicals used were of the highest analytical gcademercially available.

Animals

Male Sprague-Dawley rats of about 250-280 g bodghtevere used in this study for hepatocyte prej@maThe
animals obtained from Animal House of Tabriz Unsigr of Medical Sciences were kept at a controbeabient
temperature of 20°C-25 °C with 40 + 10% relativarnidity and with a 12/12-h light/dark cycle conditioAll

animals were allowed to access standard laboratoyw and watering ad libitum. Rats were acclimatizeveek
before the experiments. Anesthesia was induced pétitobarbital (50 mg/kg i.p.). All procedures amnaals in
this study followed the guidelines approved byAmémal Care and Use Committee of Tabriz Universityviedical
Sciences. The ethical standards were based oroffean Convention for the Protection of Vertebratéwals used
for Experimental and other Scientific Purposes”sfat 1986, and the “Guiding Principles in the WeAnimals in
Toxicology,” adopted by the Society of Toxicology1989, for the acceptable use of experimental alsim

Isolation and incubation of hepatocytes

Hepatocytes were obtained from male Sprague-Davdey by a two-step collagenase perfusion, as pusiyo
described [25]. The first step involves the pedasof a calcium-free buffer. The second step isutation of a
calcium-supplemented buffer containing collagendgee initial perfusion facilitates desmosomal clge and
further dispersion of liver cells. The addition@&" to the enzyme solution ensures adequate collagasivity.
After isolation, the cells were suspended at a ithens 10° cells/ml in Krebs-Henseleit buffer (pH=7.4) comiaig

12.5 mM HEPES and incubated under an atmosphe@S@f O2 and 5% CO2 in continuous rotating round
bottomed 50 ml flasks at 37 °C. Each flask cont@iri® ml of hepatocyte suspension. Hepatocytes were
preincubated for 20 min before the addition of cloats. Stock solutions of all chemicals were frggepared
before use.

Cell viability

The viability of isolated hepatocytes was evaludted rypan blue (0.2% w/v) exclusion method frora thtactness
of the plasma membrane [25]. Aliquots of the hepgtincubate were taken at different time pointsrdy the 3 h
incubation period and were combined with 0.2% trypéue in a test tube, and the mixture was coufdedells

using a hemocytometer. The hepatocytes used irstinily were at least 85-90% viable immediatelyraftelation.

Determination of reactive oxygen species

Production of intracellular reactive oxygen spedqB®S) was monitored by the fluorescence emissiof’,@'-
dichlorofluorescein diacetate (DCFHDA). To determitihe rate of ROS generation induced by silafibeatd
clofibrate, DCFHDA was added to the hepatocyte lation. It diffuses hepatocyte cells membrane and
enzymatically becomes hydrolyzed by intracellulsieeases to non-fluorescent dichlorofluorescin (BEHn the
presence of ROS, it oxidized to highly fluorescdihlorofluorescein (DCF), which effluxes the cgll]. The
fluorescence intensity of DCF was measured usin§hanadzu RF5000U fluorescence spectrofluorometer.
Excitation and emission wavelengths were 500 ar@ &8, respectively. The results were shown as ésognt
intensity per 10cells [13].

Mitochondrial membrane potential assaiyfm)

Mitochondrial membrane potential of the cells waaleated by monitoring uptake of the cationic fleseent dye,
rhodamine123 [3]. The uptake and retention of tteelamine 123 in hepatocytes has been used foréhsurement
of mitochondrial membrane potential. Selective atglation of rhodamine 123 in active mitochondriadharge-
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facilitated diffusion is the main principle of thessay. Isolated cells were extracted, and themspesnded in
original media containing M Rhodaminel123. After 10 min. of incubation, thélsevere centrifuged, and the
supernatant was measured with a Shimadzu RF-50p8ttrsfluorimeter at the excitation wavelength 59land
the emission wavelength of 530nm. The amount ofrdpeaining in the supernatant was inversely propoal to
the membrane potential of the cells. The capadityitochondria to take up the rhodamine 123 wasudated as
fluorescence intensity of rhodamine 123 (% of colpi32].

Incubation with cytotoxic complex

Incubation with Fe(lll)/8-hydroxyquinoline increasthe cellular iron and induces strong hepatoaallumjury with
morphological features of not only apoptosis, Hab aecrosis. The iron-induced cell injury is oxyggependent
[47]. Moreover, iron-8HQ was strongly toxic to tkells and inhibited their growth after exposureséems that
iron-8HQ toxicity is caused by substantial lipidr@edation and DNA-strand breakage in culturedcg5]. Iron
and hydrogen peroxide are capable of oxidizing dewiange of substrates and causing biological damag
Moreover, loading the hepatocytes with Fe(lll)/&8gxyquinoline markedly increased the,®4 enhanced
cytotoxicity, suggesting that a Fenton systergQiff-elll) leads to a toxic product. Cytotoxic complieis made by

a combination of 8-hydroxy- quinoline(12umol) + Fe (1.5 umol), and complex Il has 8-hydroxy-
quinoline(2umol) + Fe (3umol) in suspended cells solution.

The reaction, referred to as tRenton reactionis complex and capable of generating both hydreagicals and
higher oxidation states of the iron [4].

Statistical analysis

Statistical comparisons were carried out using eway analysis of variance (ANOVA) followed by thekey
post-hoc test for multiple comparisons in orderdeiermine statistical significance (p < 0.05 ors)ebetween
treatments and control groups. Results represenntan + SD of at least three independent expetémen

RESULTS

Trypan blue exclusion test

At least 80—-90% of the control cells were viableaB8 h. As shown in Table 1 incubation of hepatesyvith low
to moderately toxic doses of silafibrate (200, 2800, and 50QM) for 3 hours did not evoke a notable toxic
response in three time-repeated experiments. Hawhigher doses (1, 2mM) have significant toxidityTrypan
blue exclusion cell viability experiments.

Incubation of freshly isolated hepatocytes withIFHQ | (8-hydroxyquinoline12.pmol+Fe 1.5umol) and Felll:
HQ 1l (8-hydroxy- quinoline 2pmol+Fe 3umol) have considerable increasing cytotoxicity itn@urs (Table 2).
Pretreatment of hepatocytes 20 minutes with clafidband/or its novel analog, silafibrate, befordimagl cytotoxic
complexes (Felll:8HQ 1, II) reduced cell death siigantly. As shown in Table 2, the incubation isblated
hepatocytes with Fe(lll) /8-hydroxyquinoline comyll induced approximately 50% loss in hepatocyibility

within 2 hrs (LC50), as measured by the Trypan lelx@usion assay under normotensive conditions (37

Tablel. Effect of silafibrate on freshly isolated rat hepatocytes

Cytotoxicity (% Trypan blue uptake)

Compoundsadded = T 0 min | 180 min
Control 15+ 3 17+ 2 20+ 3

+ Silafibrate 20gM | 152 | 16+3 | 18+2

¥ Silafibrate 25QM | 15+3 | 16+3 | 19+3

+ Silafibrate 40QuM 16+ 2 18 £3 214
+ Silafibrate 50QuM 16+ 3 20 =2 24 % 2
+ Silafibrate  1mM| 19+ 2 25+ 2 28 £ 3

+ Silafibrate  2mM 23+ 2 27+ I 32+ 2
+ Clofibrate 20QuM 17+3 21 +2 24+ 2
+ Clofibrate 25QuM 18+ 2 23+ 3 25+ 3
+ Clofibrate 40QuM | 21+ 3 26+ 2 28+ 3
+ Clofibrate 50uM | 24+ & 27 £ Z 31+
+ Clofibrate  1mM| 27+ 2* 32+ 3 34 + 2

+ Clofibrate  2mM 30+ 35+ I 37+ 3

Hepatocytes were incubated in Krebs-Henseleit ewlyiH 7.4 at 37C under the atmosphere of 10%02/5%C0O2/N2. The smmy#re taken at

mentioned time intervals and cell death was assesgdérypan exclusion.

Values are expressed as meanzSD of three sepaxptgiments (n=3) and analyzed using ANOVA follotwedukey’s HSD test.

*Significant compared with control (p < 0.05).
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Table 2. Clofibrate and/or silafibrate markedly reduced cytotoxicity of Fell1:8HQ in isolated rat hepatocytes

Cytotoxicity (% trypan blue uptake)
60 min 120 min 180 min

Control 15+3ab| 1A2ab| 20:3ab
+ DMSO 40uL/10ml 23 £ 2*a 25 £ 2% | 27 +x2ab

Compounds added

+ FeCl 30uM 20+ 4abj22 +3abl24 £2ab
+HQ 20uM 20 £ 3abj 21 +3ab| 22 +2ahb
+Felll:HQ | 38+3*a| 45+2*a| 62+2*a

+ Silafibrate 10QuM
+ Silafibrate 20QuM
+ Silafibrate 40QuM
+ Clofibrate 10QuM
+ Clofibrate 20QuM
+ Clofibrate 40QuM
+Felll:HQ Il

+ Silafibrate 10QuM
+ Silafibrate 20QuM
+ Silafibrate 40QuM
+ Clofibrate 10QuM
+ Clofibrate 20QuM

25+2ac| 28+3ac| 29+3ac
23*x2ac| 26+x2ac| 28x3ac
22+3a | 24+2a | 27+3a
32+3ac| 34+2ac| 39+3ac
30+x2ac| 36+3ac| 38+x2ac
27+2a | 29+3a| 32+2a
44+3b | 58+3b 72+2b
26+3bc|31+2bc| 34+3bc
24+3bc| 27+3bc| 31+3bc
22+3bc| 25+3bc| 28+3bc
36+3bc| 38+t2bc| 42+3bc
33+2bc| 35+3bc| 39+4bc

Hepatocytes were incubated in Krebs-Henseleit &miygH 7.4 at 37C under the atmosphere of 10%02/5%C0O2/N2. The smmy#re taken at
mentioned time intervals and cell death was assesgérypan exclusion.

Felll:HQ [: (8-hydroxy- quinoline12 &mol+Fe 1.5zmol).

Felll:HQ II: (8-hydroxy- quinoline 2bmol+Fe 3:mol)

Values are expressed as meanzSD of three sepaxptFiments (n=3) and analyzed using ANOVA follotwed ukey’s HSD test.

*Significant compared with control (p < 0.05).

aSignificant compared with Felll:HQI(p < 0.05).

PSignificant compared with Felll:HQ II(p < 0.05).

“Significant compared with the same dose of théogne (p < 0.05).

Table3. Comparison of the effects of clofibrate and/or silafibrate on the mitochondrial membrane potential (AY,,) in
Fell:8HQ complex-treated hepatocytes.

Aym (%)
Compoundsadded a5 i T 120min 180 min
Control 100+ 4 96+ 3 92+ 4

+Felll:HQ | 79.3+5 75.5+3 4744
+ Silafibrate 10QuM 83.2+4ac|8l42+5aq 77.16+5ac
+ Silafibrate 20QuM 88.44+6aq8502+5aq 80.33+t5ac
+ Silafibrate 40Q:M 9252+4aq9l21+4aq 8468+4ac
+ Clofibrate 100uM 71.83+x4aq7002+5aq 5832+5ac
+ Clofibrate 20QuM 77.81+5aq7595+4aq 6214+4ac
+ Clofibrate 40QuM 80.34+x5aq77.11+5aq 68.72+t4ac

+Felll:HQ Il 70.7+4 60.6+5 38.7+5
+ Silafibrate 10Q:M 80.81+5b(q7269+5bq 71.38+5bc
+ Silafibrate 20Q:M 85.18+5bq80.74+4bq 76.62+4Dbc
+ Silafibrate 40:M 88.56+4bq84.47+x4bq 79.49+5bc
+ Clofibrate 10QuM 7453+5bq70.32+6bq 64.12+4bc
+ Clofibrate 200uM 79.41+4bq7501+5bq 7042+4bc
+ Clofibrate 400uM 80.54+4bq7861+5bq 75.72+5bc

Hepatocytes (10cells/mL) were incubated in Krebs-Henseleit buffer7.4 at 37 °C.

A¥m was determined as the difference in rhodamineup28ke by control and test cells and expressdtuasescence intensity unit.
Values are expressed as mean+SD of three sepaxptrienents (n=3) and analyzed using ANOVA followed ukey’s HSD test.
Felll:HQ I: (8-hydroxy- quinoline12 Amol+Fe 1.5umol)

Felll:HQ II: (8-hydroxy- quinoline 2emol+Fe 3:mol)

Significant compared with Fell:HQ | (p < 0.05).

PSignificant compared with Fell:HQ Il (p < 0.05).

°Significant compared with the same dose of théogpu (p < 0.05).
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Mitochondrial membrane potentiafiym)

Table 3 demonstrates the relative percentages totchondrial membrane potentialym) in test groups and their
control group, where the 100 percent of rhodamig® ttapping occured in the intact mitochondria. @esults
revealed that Fe Ill: 8HQ complexes caused a rdpidine of mitochondrial membrane potential as ppasent
marker of mitochondrial dysfunction at 3 hours. kwaile, mitochondrial membrane potential decreases w
prevented by pretreatment of hepatocytes with lotafe and/or silafibrate, 20 minutes before addipgtoxic
complexes (Felll:8HQ 1, 1l). Further, there wasigngficant difference (p < 0.05) between equal @ntcations of
clofibrate and silafibrate in protection of mitoctuial membrane potentiah{m).

Determination of reactive oxygen species “ROS”
The involvement of “ROS” in the cytotoxic mechanisras also studied that has been shown in Tablédsd data

demonstrate that incubation of hepatocytes withlff&§-hydroxyquinoline complex at I, 1l concentian induced
cytotoxicity proceeded ROS formation, and mitoch@addoxicity.

Clofibrate at concentrations of 100, 200, and 480 and silafibrate at concentrations of 100, 200j 400 uM
significantly (p < 0.05) prevented Fe 111:8HQ colepl induced hepatocyte ROS formation. In additisitafibrate
markedly protects hepatocytes in comparison witaédoses of the parent analog, clofibrate.

Clofibrate at concentrations of 1081 and silafibrate at concentrations of 100, 20@ 460uM significantly (p <
0.05) prevented Fe [I1:8HQ complex Il induced hepste ROS formation. Meanwhile, silafibrate markechused
more protection of hepatocytes in comparison withat doses of the parent analog, clofibrate. Fuyttiefibrate
did not have a protective effect in 200 and 400 concentrations against Fe Ill: 8HQ complex Il ucdd ROS
formation.

Table 4. Comparison of the effects of clofibrate and/or silafibrate on ROS generation in Fell:HQ complex-
treated hepatocytes

DCF (%)
Compounds added
pou 60min | 120min | 180 min
Control 10045 | 111+5 | 122+4
+FelllHQ | 131+5* | 148+6* | 169+5*

+ Silafibrate 10Q:M 102+7a | 115+6a| 127+6a
+ Silafibrate 20QuM 54+5ac|79+5ac| 96*6ac
+ Silafibrate 40QuM 96+5ac |[103+5a¢ 114+7ac
+ Clofibrate 10QuM 112+7ac|128+t6a¢ 143+t5ac
+ Clofibrate 20QuM 123+4ac|l134+4a¢ 151+5ac
+ Clofibrate 40QuM 110+7ac|131+7a¢ 154+5ac
+Felll:HQ Il 146 + 5* 159 + 5* 178 + 5*
+ Silafibrate 10QuM 109+6bc|128+6bc| 127+5b
+ Silafibrate 20Q:M 86+5 bc|98+5hbc| 115+6b
+ Silafibrate 40QuM 127+5b | 138+5b| 142+6Db
+ Clofibrate 100uM 119+4bc|135+4bg 148+5bc
+ Clofibrate 20QuM 131+6b | 144+6b| 166x4b
+ Clofibrate 40QuM 126 +£5b | 142+5b | 159+5bc
Hepatocytes were incubated with different compouamts ROS formation was measured at different timervals. DCF formation was
expressed as fluorescent intensity units (Sheh,et396).Values are expressed as meanSD of theparate experiments (n=3) and analyzed
using ANOVA followed by Tukey’'s HSD test.
Felll:HQ [: (8-hydroxy- quinoline12 &mol+Fe 1.5xmol)
Felll:HQ II: (8-hydroxy- quinoline 2bmol+Fe 3:mol)
*Significant compared with control(p < 0.05).
#Significant compared with Felll:HQI(p < 0.05).

PSignificant compared with Felll:HQ li(p < 0.05).
“Significant compared with the same dose of theaanad (p < 0.05).

DISCUSSION

In this study, we investigated the effect of a ros#iconized analog of clofibrate, silafibrate asolated
hepatocytes. It did not show significant toxicity mentioned doses (Table 1). Therefore, we studied
hepatoprotective effects of clofibrate and its newlynthesized analog on the cytotoxicity of Fe)(K8-
hydroxyquinoline complex. Earlier, Fe (ll1) /8-hymeyquinoline was used to permeate and load hep@®aeyith Fe
(1 markedly increased cytotoxicity [28]. Iron drhydrogen peroxide are able to cause oxidatiom lmfoad range
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of substrates and induce biological damage. Thetirais known as th&enton reactionand is complex and
capable of producing both hydroxyl radicals anchkrgoxidation states of the iron [4].

It has been reported in various studies that tfecef of fibrates on oxidative stress are extrencelytroversial.
Some studies reported antioxidant activity of thexseys [7, 15, 26, 30, 39whereas others demonstrated no effect
[5, 22, 33] or even prooxidant properties of filesaf8, 24, 39].

Data obtained in the present study revealed thatbiation of freshly isolated hepatocytes with dcdie and its
novel analog, silafibrate, demonstrate hepatoptioteeffects against Fe Ill: 8HQ induced cytotoci

It seems that PPARs agonists show antioxidant rt@rtly due to their effects on lipoprotein melam. They
could elevate HDL levels that exert antioxidant amti-inflammatory activities. PPAR-activators increase Cu2+-
Zn2+-superoxide dismutase and decrease p22 phosageexpression in endothelial cells, suggestiagthe drug
may also exhibits antioxidant activity [14]. Moreswy other experiments revealed that fibrates mayedese the
production of reactive oxygen species [Xdther observations on isolated hepatocytes shotegddirect addition
of PPAR« activators did not increase detectable ROS praotu¢45].

In addition, previous studies showed that clofibrabuld prevent acetaminophen (APAP) hepatotoxiditgholls-
Grzemski and colleagues demonstrated that hepasmpian by clofibrate is not confined to APAP alofid].
Activation of PPARe as a nuclear receptor has a key role in prote@gainst liver injury of as structurally and
mechanistically diverse hepatotoxicants as bromodyes, chloroform, and carbon tetrachloride [19].

It seems that activation of PPARbYy fibrates has a major role in their hepatopitdteceffects against hepatotoxic
chemicals. In the current study, we found that lration of isolated hepatocytes with fibrates enkatieeir
mitochondrial membrane potential and subsequehgyr tviability. Beside this, we compared the eféeof the
novel analog, silafibrate, with its parent analodreshly isolated hepatocytes. It revealed thafibrate has better
performance in hepatoprotective effects. A sildaepment in clofibrate molecule altered the chemimad
physicochemical properties. These changes modifiedd lengths and angles, which altered the mol&cule
interaction with a receptor and, therefore, therplaagological activity. Lipophilicity can be measdrby log P,
which reflects the equilibrium partitioning a malde between an apolar (n-octanol) and a polar (\atease [6].
We calculate log P value 3.32 for clofibrate anti¥Sor silafibrate with ACD/Labs package, releasg Advanced
Chemistry Development Inc Toronto Canada. An ineedga lipophilicity should enhance permeability tbe novel
analog. This increase in lipophilicity of the nowlalog may increase its pharmacological potencgabivation of
PPARw receptors.

It is likely that hepatoprotection is dependentRiPARea receptor activation. Previous experiments revettad
fibrates elevate the level of total antioxidantd &ower MDA in blood [43]. These studies showed thetivation of
PPAR« leads to an antioxidant effect by reducing plasmiacentrations of malonyldialdehyde, a major sign of
oxidative stress, and by stimulating the expressibisOD, one of the major molecules of antioxiddefense
[43,46].

The mechanism of the antioxidant effect of fibratesot yet clearly understood, but several poksds can be
considered. First, fibrates increased antioxidartd oxyradical scavenger enzymes protect againgtadical-
mediated cell death. Peroxisomes appear to hav®%-Rediated role in the oxidativeactions characteristic of
senescence. The senescence-indaltedations in the ROS metabolism of peroxisomesrainly characterized by
the disappearance of catalase actigitg an overproduction of ,O0and HO, and a strongeduction of APX and
MDAR activities [21]. Second, PPAR-modulate the expression of various proteins, lbgnatte the selective
arylation and/or by adjustment the effect of comtlkinding on cellular integrity. Third, PPA&-agonists may
protect hepatocytes against external death prtteininduced cell death in hepatocytes. FinallyARR activation
induces the expression of cytochrome P450, whidaly}zges some lipid peroxdation products, includifkg
hydroxynonenal [9].

PPARs agonists promote mitochondrial proton gradiercoupling, reduce ROS, and elevate heat geoerati
whereas they reduce lipotoxicity [1].

Mitochondrial membrane potential is a sensitiveidatbr of the activity of the mitochondrial protgrumps,
electrogenic transport systems, and a key mondordépolarization initiated cell death [23,31]. fihoate and
silafibrate were not cytotoxic to intact rat hepates, and there was no loss of cell viability oaed h incubation
period (Table 1). Further, they offered strong pctibn against ROS formation in isolated hepatacyi@ble 4).
On the other hand, silafibrate was more effectpve 0.05) than clofibrate at inhibiting Fe(lll) ¥8/droxyquinoline
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induced hepatocyte membrane lyses after 3 h ofbbon. These results demonstrate that the incoatf
hepatocytes with PPARs agonists enhances the moitdetal membrane potential. It seems that this tieac
protects hepatocytes against cell death processes.

In conclusion, we found that the fibrates have pab@protective effect against oxidative stressaffhitate has
characteristic properties that demonstrated a bettect in hepatocytes protections. This mightbeeause of its
higher lipophilicity.
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