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ABSTRACT

Ibuprofen ((RS)-2-(4-(2-methylpropyl) phenyl) prop& acid) is a well-known non-steroidal anti-infianatory
drug (NSAIDs) widely used for the treatment of p&émer and inflammation. This study designed tduate if dose
of 30mg/kg of Ibuprofen has an antioxidant effeetative to its analgesic, antipyretic and antitarhmatory
activities. Oxidative stress was induced by intrapeneal injection of (100 mg/kg) peroxide hydrogerO,), and
then a comparative study is made concerning thiziies of the antioxidant enzymes catalase (CAUiperoxide
dismutase (SOD), gluthation reductase (GR), suteinkeshydrogenase (SDH), and index of lipid pertioa:
thiobarbituriquc acid reactive substances (TBARS) determitipdl peroxidation in mice treated with B,
accompanied by Ibuprofen; compared to the groupt&e by L-ascorbic acid + ¥D,, These results suggest that
Ibuprofen may exert protective effects against atkie stress damages.

Keywords: Ibuprofen oxidativestressantioxidant, anti-inflammatory, peroxide hydrogéh@.).

INTRODUCTION

Ibuprofen was introduced as a non-steroidal arfitdinmatory drug (NSAID) in the United Kingdom in@®and in
the United States in 1974. It was developed diyea# a result of the problems associated with tbe of
corticosteroids in the treatment of rheumatoidritrthand also because of the gastro-intestindgatron and general
intolerability of the NSAIDs available at that tifie and 2]. Ibuprofen is a chiral NSAID of the Z/gropionic acid
class, chemically related to fenoprofen and naprpke@s moderate but definite anti-inflammatory rbips, with
considerably less gastrointestinal adverse efflegh tother NSAIDs [3]. The drug has analgesic anipynetic
properties, probably related to its anti-inflammmgteffects [4]. Ibuprofen is effective not only imild inflammation
but also in severe inflammatory diseases sucheswhtoid arthritis and osteoarthritis and is prdpalfective in
ankylosing spondylitis, gout, and Bartter’'s syndeofhh and 2]. Substantial concentrations of ibuprcdee indeed
attained in synovial fluid, which is a proposee if action of its NSAID activity [1 and 2].

Therefore, new NSAIDs without these side effectsehdong been pursued. The major mechanism by which
ibuprofen and other NSAIDs exert their anti-inflaaory activity is through the suppression of prgktadin
biosynthesis by inhibiting cyclooxygenases (COX&pstaglandins are major mediators of inflammat&sponse,
but also play a cytoprotective role in maintainld@ghealth and homeostasis. COXs, which catalyzesyh¢hesis of
prostaglantins from arachidonic acid, have two majibtypes COX-1 and COX-2 [5].

Oxidative stress takes place when the balance bketilee antioxidant defenses and the generatioreadtive

oxygen species (ROS) is tipped in favor of theelatThus, hydrogen peroxide (H202) is directly ifwed in the
production of ROS due to his high redox level.df maintained oxidative damage accumulates knowoxaative
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stress [6]. ROS are products of regular cell mditsimo(*O,: singlet oxygen, bD,: hydrogen peroxide, (OM
hydroxyl radical, (O2): anion superoxide). They participate in manyuel events including signal transduction
and antibacterial defense [7]. They are also capablarge dose of oxidizing cellular proteins, eiclacids and
lipids [8]. They contribute to cellular aging [9utagenesis [10] carcinogenesis [11] Alzheimer'sedse [12],
atherosclerosis (13] and coronary heart diseasg gadsibly through destabilization of membranes],[IT3NA
damage [16], and oxidation of low-density lipopiotg 7].

To protect from these highly reactive intermediatésng organisms possess a defense system ciogsiof
enzymatic and non-enzymatic antioxidants that sogeethem. It is well established that the most irtgad
antioxidant enzymes are superoxide dismutase (S@Bigh ensures the dismutation of superoxide™jQato a
molecule of @, catalase (CAT) which catalyzes the decompositibiydrogen peroxide (#D,) to water and
oxygen, glutathione peroxidase (GPX), which redumet HO, and organic peroxides by a glutathione-dependent
reaction, and glutathione reductase (GR), whichlga¢s the NADPH dependent regeneration of glutath{ GSH)
from the oxidized form (GSSG) generated by GPX. Staithlyzes the oxidation of succinate to fumaraté e
reduction of ubiquinone to ubiquinol, this occurghie inner mitochondrial membrane by couplingtthe reactions
together [18; 19; 20; 21; 22; 23; 24].

The objective of the present research was to exaari test precisely antioxidant activity of NSAtprofen and
even the protective effect at long-term of treatminliver of mice, compared and analyzed the égtivf
increasing stress markers that suits hydrogen flrdyy oxidation, and reduction of the activitysifess markers
suitable for treatment by L-ascorbic acid, with thexrease of the activity markers stress in theggdreated by
Ibuprofen.

EXPERIMENTAL SECTION
Tests:
The test concerned 66 males adult Swiss albino méghting 25-30 grams. They were acclimatizedatmotatory
conditions before the test and fad libitum They were fasted 16 hours prior to the treatrf@nt

All experiments were in accordance with the guitedi provided by the CPCSEA.

Animals were divided into 11 groups (n = 6 per grpwas it's resumed in table 1. Ibuprofen, vitamin C
(L-ascorbic acid) and D, were daily administered by intraperitoneal injectduring 30 days.

Table 1: summary of groups treated with Ibuprofen,H,0, and Vitamin C

Groups | Number of mice Treatment Dose
1 6 NaCl 0.9 %
2 6 HO; 100 mg/kg
3 6 Ibuprofen 30 mg/kg
4 6 Ibuprofen + KO, | 30 mg/kg + 1,5 g/kg
5 6 Vitamin C 20 mg/kg
6 6 Vitamin C + HO, | 20 mg/kg + 1,5 g/kg

Preparation of tissues for analytic procedures

Livers were rapidly thawed and homogenized using®@ter homogenizer (Elvehjem), in 3 volumes of
ice-cold 10 mM HEPES, 1 mM EDTA, 0.25 M Sucrose 48dnM 2-mercaptoethanol, pH 7.4. All procedureseve
performed at 4°C. Homogenates were centrifugedd@0 & g for 15 mn at 4°C (sigma 2-16K) and the ltast
supernatants were aliquoted and stored at — 20°[@tkr enzyme assays.

Biochemical assays
All assays were conducted at 25°C using Jenway 6A0¥isible spectrophotometer (Thermo electron cogpion,
Biomate 3).

Protein Assay

Protein content was measured according to the Bradirocedure [10] by using bovine serum albumiSABR as
standard. Protein reagent was added to proteiticadu The absorbance was measured at 595 nml&fes mn of
incubation in the dark.

Catalase

The consumption of 7.5 mM J, in 50 mM potassium phosphate buffer (pH 7) was itooed at 240 nm as
indicated in [11].
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Glutathione reductase

The assay of Di ilio et al., (1983) [12] was us@He assay mixture contained 0.5 mM oxidized glucetd, 1 mM
EDTA, 0.1 mM NADPH and 50 mM potassium phosphatdéfdsu(pH 7.4) and NADPH consumption was
monitored at 340 nm.

Superoxide dismutase

The enzyme was assayed according to Paoletti,gt1l886) [13]: 5 mM EDTA, 2.5 mM MnGl 0.27mM NADH,
3.9 mM 2-mercaptoethanol in 50 mM potassium phospbaffer (pH 7), monitored at 340 nm. The decrdase
absorbance is measured after the addition of NADBL27 mM as final concentration.

Succinate dehydrogenase

The enzyme was assayed according to King (1967) IBD mM potassium phosphate buffer (pH 7.4), 19/g
EDTA, 0.053 mM DCIP and 100 mg of protein. The mgt was pre-incubated 10 min at 25 8C before adsliihg
ml of KCN-Succinate (containing 3.25 mg/ml of KCNG@.5 M succinate). The measure of activity wasedain625
nm.

Thiobarbutiric acid reactive substances

Lipid peroxidation was estimated by the formatioh thiobarbituric acid reactive substances (TBARSM a
guantified in terms of malondialdehyde (MDA) equergts according to the method described by Samgkyand
Marnett (1990) [15]: 1 ml of samples was added tol Bolution (0.375% thiobarbituric acid and 15%6tforacetic
acid in 0.25 M hydrochloric acid). The tubes weeated at 100°C during 15 min and they were coaldtie ice to
stop the reaction. One then carries out a cenatfag with 1000 x g during 10 min. The reading opsrnatant was
made to 535 nm.

Enzyme activity expression

The specific activity of each enzyme was calculateidg the following formula:
AS = (AAbs/mn x 1000) /4 x [P]x Ve)

AAbs/mn: Absorbance variation/minute

¢ (Extinction coefficient):

€ (H,0,) = 40 M*.cmi?, for CAT

€ (NADH) = 6220 M*.cm?, for SOD and GR

g (DCIP) = 19100 Mt.cmi*, for SDH

€ (MDA-TBA complex) = 153000 mM.cmi?, for MDA
[P]: Protein concentration

Ve: Assay volume

Statistical Analysis

In each assay, all experimental values were expless mean * standard error of mean and the ®alist
significance between treated and control groupewealyzed by ANOVA. Differences were considereghificant
at the level p < 0.05.

The analysis was performed with XLSTAT Version 221@2
RESULTS AND DISCUSSION

Monitoring of Body Weight in Mice:

As shown in Figure 1, the body weight of all treameice showed variations significantly differentrfr those of the
control, and control of stress. Group treated W, show a significant weight loss showing a low atfiduring

treatment period shows the presence of oxidatresst Significant increase in weight of groups (l-eAd (C+H)
versus control stress, shows that NSAID Ibuprofed b-ascorbic acid has restored the imbalance letvpeo-
oxidant balance caused by the effect of hydrogenxide and antioxidant defense systems that lidheatagency
level, compared the results with L-ascorbic acid Huprofen in terms of weight compared to conini¢te and the
control of stress, shows the presence of the ddtox effect of the drug.
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Fig. 1: weight gain in grams during 30 days of trement
T: Control, H: HO;; I: Ibuprofen; 1+H: Ibuprofen + HO,; C: Vitamin C; C+H: Vitamin C + HO,. *significantly different from groups (T and
H) at P<0.05.**significantly different from contralf stress at R0.05. The number of mice used in each group was 6.

The results in Figure (2; 3; 4; 5 and 6) showed tha activity of stress markers (CAT, SOD, GPx,HsBnd
TBARS) increased significantly in the treated grdyphydrogen peroxide as compared with those ofctivrol
group. Explains presence of chronic oxidative stirdiver control stress group deduced by theqmes of reactive
oxygen species (ROS) generate by oxidative powethefhydrogen peroxide. Reactive oxygen speciesSjRO
produces oxidative stress which has been charagetkim liver and includes, among several changesmaease in
the level of catalase, superoxide dismutase, diiaia¢ peroxydase, succinate dehydrogenase andathialriquc
acid reactive substances (TBARS), indicative aflliperoxidation [25]. The level of these enzymenati¢s in cells

is crucial for determining the steady state lewélsuperoxide radicals and hydrogen peroxide, siqide dismutase
converts superoxide radicals to hydrogen peroxighich is then decomposed by catalase, and succinate
dehydrogenase catalyzes the oxidation of succioatemarate with the reduction of ubiquinone toqubinol. This
occurs in the inner mitochondrial membrane by ciogpthe two reactions together. By one-electratuction of
oxygen give rise to reactive oxygen species (ROS8gwinclude free as superoxide or hydroxyl rad{€H’) anion
radicals. Other non-oxygen radical species canrbdyged, such as hydrogen peroxide@h and singlet oxygen
(O5"). The result of an imbalance between the balahpeosoxidants and antioxidant defense systems [26]

As shown Fig (2; 3; 4; 5 and 6) activity of stressrkers (CAT, SOD, GPx, SDH and TBARS) decreases
significantly in the treated group by (I+H) and (@t+as compared to the group treated with hydrogenmpde.
Explains the restoration of balance redox reactioosipared to antioxidant defense in the liver, bgucing
significantly the production of reactive oxygen s (ROS). also show significant protective dffagainst
reactive oxygen species (ROS) and against thedtatixe effect on the molecular level, the sigmifit decrease in
the activity of stress marker in treated groups byd C compared to the control groups showed tegtive effect
against reactive oxygen species (ROS) by restahi@dpalance of redox reactions, this protectiompizl is mainly
attributed to the antioxidant capacity in ascoidia to scavenge reactive oxygen species (ROSje thesults also
show that Ibuprofen also has scavenging activitySR®hich explains the antioxidant effect of NSAIBuprofen
hide behind the other to already known. Howevetgerpretation of these results becomes easy because
administration of onely of NSAID namely, Ibuprofenthe absence of hydrogen peroxide decreasestberd of
ROS in liver compared values of those recorded tiifrogen peroxide alone. The pro-oxidant effettisydrogen
peroxide and the observed protective effect ofraspiere explored by decreasing the activity oésér marker in
treated groups (I+H) and (C + H) relative to cohsitoess and from | and C compared to the control.
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Fig. 2: Evaluated Antioxidant effect of NSAID Ibuprofen by CAT activity. T: Control, H: H ,0,; I: Ibuprofen; I+H: Ibuprofen+ H ,O,; C:
Vitamin C; C+H: Vitamin C + H ,0,. *significantly different from control at P<0.05; **significantly different from control of stress at
P<0.05; the number of mice used in each group was 6
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Fig. 3: Evaluated Antioxidant effect of NSAID Ibuprofen evaluated by GR activity. T: Control, H: HO; I: Ibuprofen; I+H: Ibuprofen +
H,0O,; C: Vitamin C; C+H: Vitamin C + H ,0.. *significantly different from control at P<0.05; **significantly different from control of
stress at 0.05; the number of mice used in each group was 6
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Fig. 4: Evaluated Antioxidant effect of NSAID Ibuprofen evaluated by SOD activity. T: Control, H: HO,; I: Ibuprofen; I1+H: Ibuprofen
+ H,Oy; C: Vitamin C; C+H: Vitamin C + H ,0,. *significantly different from control at P<0.05; **significantly different from control of
stress at 0.05; the number of mice used in each group was 6
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Fig. 5: Evaluated Antioxidant effect of NSAID Ibuprofen evaluated by SDH activity. T: Control, H: HO; I: Ibuprofen; I+H: Ibuprofen
+ H,0,; C: Vitamin C; C+H: Vitamin C + H ,0.. *significantly different from control at P<0.05; **significantly different from control of
stress at K0.05; the number of mice used in each group was 6
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Fig. 6: Evaluated Antioxidant effect of NSAID Ibuprofen evaluated by TBARS activity. T: Control, H: H,O; I: Ibuprofen; I+H:
Ibuprofen + H,0,; C: Vitamin C; C+H: Vitamin C + H ,0,. *significantly different from control at P<0.05; **significantly different from
control of stress at R0.05; the number of mice used in each group was 6

CONCLUSION

This study has shown that Ibuprofen have antioxiéffiect according to the results obtained fromttieatment of
mice with NSAID lbuprofen by a dose (30mg/kg) ameatment by a dose (30mg/kg) in compared with stres
control group treated by, by a dose (100mg/kg) has demonstrated the impgptatective antioxidant effect of
NSAID Ibuprofen against ROS compared to ascorbid effect. Have used vitamin C Also known as aswos#oid
name, is definitely the star of vitamins to the gmh public. It lends many properties, some of Wwhare not
necessarily proven. The food industry also expldlits effects recognized antioxidants ascorbic doith of
derivatives used as preservatives (E300, E301 &@2)EVitamin C is involved in many body functiondt has
antioxidant properties that help to help the boitf against the accumulation of heavy metals sagHead,
mercury and cadmium. Moreover, the antioxidantvitgtiof the ascorbic acid can neutralize free ratticthereby
protecting the cells of the organism aging andsfoengthening the immune defen§2s, 28, 29

In addition, Ibuprofen has been demonstrated tabinithemically induced oxidative stress in anim@he

protective effect of ibuprofen against ros has bgersumably attributed to its ability to inhibitfiaanmation first
and oxidation second. The anti-inflammatory andoaidant action of Ibuprofen is believed to reduitm its non
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specific inhibition of cyclooxygenase-2. Moreovidmprofen has been reported to inhibit prostaglatitbsynthesis
by inhibiting cyclooxygenases (COXs) have two maobtypes COX-1 and COX-2 [5], COX -2 is inducilaied
mediates inflammation response [30]. in the stdatexftammation there to increase the oxidation tigecin the
body due to the activation of metabolism which ekm the presence ros in the state of inflammatioaddition,
reactive oxygen species can also be produced amniatory cells as well as many other cellular sesi{31,32].
Metabolism of a variety of stressful chemical malecalso leads to generation of ros [32,33]. Thénmaode of
action is irreversible inhibition of cyclooxygenaasetivity by acetylating serine in the active sifehe enzyme. This
causes the inhibition of prostaglandin and thronalmexsynthesis. Cox-2 is rapidly inducible by enflammatory
stimuli and contributes to inflammatory responsgkich explains the antioxidant effect of drug intidn hide
behind cox-2. We demonstrated a dose of Ibuprolfient inhibited oxidative power of hydrogen peroxiaed
production of reactive oxygen species is a (30mg/kg conclusion, the results show clearly on thetgctive
antioxidant effect of Ibuprofen against the intatee HO, and ROS generation, in order to strengthen thiesysf
antioxidant defense and inhibited the activatiothpays of the molecules responsible for causingative stress.
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