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ABSTRACT. Paracetamol (acetaminophen) is widely used as am-tbhe-counter
analgesic and antipyretic drug. The aim of thisdgtwas to investigate the possible
protective effects of vitamin C (100mg/kg/day i.pr)dp-glucan (40 mg/kg/day i.p.) on
altered haematological, biochemical and oxidativess parameters in the blood of rats
treated with paracetamol (100 mg/kg/day i.p.) fatays. Exposure of rats to paracetamol
caused changes of some haematological parametBGs(Rount, Hb concentration, Ht
value and WBCs count), suggesting that the param#tanduced haematotoxicity.
Paracetamol reduced serum total protein (TP), albwand globulin, while increased
alanine aminotransferase (ALT), aspartate aminstemase (AST) and lactate
dehydrogenase (LDH) activities compared to the robnfThe results indicate that
paracetamol is led to significant decrease in thecentration of Naand K and increase
of C&* in the serum compared to the control. Coadmirtistraof vitamin C ang-glucan
with paracetamol reversed these changes of haesgatal and biochemical parameters
and diminished the toxic effects of paracetamole Dhtained results indicated that the
concentration of LPO in erythrocytes significanthgreased in, while the concentration
of GSH significantly decreased in the group treateét paracetamol compared to control
group. Coadministration of vitamin C anfl-glucan with paracetamol reversed
paracetamol-induced alterations in these oxidativess parameters. This study suggests
that paracetamol has significant prooxidative éffemd may disrupt oxidant/antioxidant
balance in erythrocytes. Furthermore, coadministiawith vitamin C ang3-glucan have
protective effects on paracetamol-induced oxidafi@mage and haematotoxicity.

Keywords: paracetamol, vitamin (B-glucan, oxidative stress, haemato-biochemical
parameters, erythrocytes.

INTRODUCTION

Paracetamol is widely used in analgo-antipyreticrppses, without medical
prescription, especially in childhood. When adnigried at normal doseparacetamol is
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primarily metabolized by conjugation with sulfatadaglucuronic acid. A minor pathway
through cytochrome P450 (CYP450) has been alsortexpdo yield a highly reactive
metabolite N-acetyl-p-benzoquinone imine (NAPQBttbovalently binds to protein (k5ON

et al, 2010). This metabolite is initially detoxified/ lronjugation with reduced glutathione
(GSH) to form mercapturic acid and eliminated viee tkidney (HNSON et al, 2010).
However, when overdose of paracetamol is admiridtethe production of NAPQI exceeds
the capacity of GSH to detoxify it. The excess NARIGgn causes liver damage associated
with oxidative stress (BssemMsand VERMEULEN, 2001). Paracetamol overdose is also known
to be associated with inflammation, marked by amease in the inflammatory cytokines, as
well as the upregulation of nitrogen oxide (NO)nfreerum, macrophages and hepatocytes
(JAESCHKE et al, 2013). It has been reported that one of the ar@sms is disturbance of
prooxidant-antioxidant balance in tissues, whidults in increased levels of reactive oxygen
species (ROS) and oxidative damage of macromole@deeviewed by Wulf ROGE (2002).
This can lead to various pathological conditiondiimans and animals, such as hepatic and
renal dysfunction, testicular damage, respiratasgrdiers, and cancer (soN et al, 2010).

On the other hand, there are numerous reportsatidg: that paracetamol-mediated
oxidative stress or hepatotoxicity is attenuatedubg of naturally occurring antioxidants
and/or free radical scavengers such as vitamindjanal plants and natural productaN&H
et al, 2011; descHkEet al, 2013).

Ascorbic acid is a cofactor for a number of metabehzymes and is an indisputable
essential vitamin for humans. Under physiologicahditions, it functions as a potent
reducing agent that efficiently quenches potentia@lamaging free radicals produced by
normal metabolic respiration of the body I(dbN, 2002). Vitamin C is considered to be an
important antioxidant in extracellular fluid; itsal guards against aqueous radicals in blood
and protects plasma lipids from peroxidative damegesed by peroxyl radicals ABJA et
al., 1994). Furthermore, there are a few studiesrtiggothe antioxidant power of vitamin C
against different chemicals-induced oxidative tssyury (CARR and REI, 1999; ADENEYE
and QAGUNJU, 2008; FhssANIN et al,, 2013).

Beta-D-glucans belong to a group of natural, pHggigcally active compounds,
generally called biological response modifiers.cals are glucose polymers found in plants,
fungi and some bacterial species, and currently aedl-established and powerful
immunomodulators with beneficial properties in caniherapy (HVRLENTOVA et al, 2011).
The significant role of glucans in infection immtyistress reduction and restoration of
damaged bone marrow has already been establisisgdK0vIC et al, 2013).

The aim of this study was to investigate the pdsgbotective effects of vitamin C and
B-glucan on altered haematological, biochemical @idative stress parameters in the blood
of rats treated with paracetamol.

MATERIALS AND METHODS

Chemicals

Chemicals for this study were obtained from Signdrhéh Chemie GmbH
(Germany) and Merck (Darmstadt, Germany). All redgeand chemicals were of analytical
grade or higher purity.

Animals
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The study included male adult Wistar albino rateye&ks old, weighing 210 + 20 g at
the beginning of the experiment. The animals weeentained in individual plastic cages
under standard laboratory conditions (temperat@ré@+ 2 °C; 12 h light—dark cycle). The
animals had unlimited access to drinking water staddard rodent laboratory diet. At the end
of experimental period animals were anesthetizatl ether and sacrificed by decapitation.
All animal experiments were approved by the Uniigr€ommittee of the Ethics of Animal
Experimentation.

Experimental design

After a period of adaptation for one week priorthe experiment, animals were
randomly divided into three groups (n = 5 per ghoand treated as follows:
Group 1: Control, treated intraperitoneally (i.yijh isotonic saline.
Group 2: Paracetamol, treated in a dose of 100 grdgly i.p.
Group 3: Paracetamol + Vit € 3-glucan, treated with paracetamol (100 mg/kg/dpy) i
vitamin C (Vit C, 100 mg/kg/day i.p.) p-glucan (1,3-1,§-D-glucan, 40 mg/kg/day
i.p.).
Treatments were carried out 3 days consecutiveatitals were anaesthetized with
ether and sacrificed 24 h after the last admirtisina

Blood sampling

Blood samples were collected between 8 and 10 tomavoid circadian rhythm
induced changes. The blood samples were collentéabes using K-EDTA as anticoagulant
for hematological analysis and in tubes withouticaatgulants for the other analysis.
Haematological and biochemical parameters were uned®n the day of sacrifice.

Haematological methods

EDTA-added whole blood samples were used for hasogital examination.
Haematological parameters like number of red bloell (RBC), white blood cell (WBC),
platelets (PLT), haemoglobin (Hb) concentration ahdematocrit (Ht) values were
determined by standard methods on automated haleggatanalyzer (Horiba Medical ABX
Micros 60, Japan).

Biochemical methods

Blood samples in non anticoagulant tubes were ifegéd at 4000 rpm for 15 min at
+4 °C, and serum was used. Measurement of bioclaémpérameters as serum total protein
(TP), albumin, globulin and activities of serum wmes (alanine aminotransferase (ALT),
aspartate aminotransferase (AST) and lactate depgdase (LDH)), as well as electrolytes
were performed on an autoanalyzer (C 8000 Architggermany) using diagnostic
colorimetric kits (Abbott laboratories).

Oxidative stress parameters

To measure oxidative stress parameters, blood samy#re centrifuged at 4000 rpm
(+4 °C) for 10 min and plasma was removed. Erytyiex were washed three times with an
equal volume of cold saline (0.9%, v/v), and 1 inlashed erythrocytes was lysed on ice in
3 ml of dHO (1:3, v/v) for 30 min. The final haemolysates &édivided into three parts, put
into eppendorf tubes and stored at —80 °C untayass
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Lipid peroxides (LPO) level in haemolysate was dateed using method described
by Ohkawa et al. (1979) based on the reaction mfl liperoxidation products (MDA-
malondialdehydes) with TBA (thiobarbituric acid cdge substances - TBARS analysis). The
results were expressed imol MDA/L erythrocytes, using a molar extinctionegficient for
MDA of 1.56 x 16 M~*-cmi™.

The level of reduced glutathione (GSH) was deteedhion the basis of GSH oxidation
with DTNB (5.5-dithiobis-2-nitrobenzoic acid) using Beutler medh@1975), and the
concentrations were expressed as nmol/g Hb.

Statistical analysis

All the group data were statistically evaluated8PSS/13 software. The results
were expressed as mean + S.E.M. and analyzed hyritdcanalysis of variance (ANOVA)
using a post hoc Bonferroni/Dunnett's multiple gsigl, or by nonparametric Kruskal-Wallis
test, wherg<0.05 was considered statistically significant.

RESULTS

Haematological results

The results of haematological analysis of ratshan ¢ontrol and treatment groups are
presented in Table 1. Results indicated that ptaawd caused a significant decrease in
RBCs count, Hb concentration and Ht value, whilereased WBCs count compared to the
control. However, there were insignificant altevas in PLT count. Coadministration of
vitamin C and 3-glucan with paracetamol reversed these changesaeimatological
parameters to the values measured in control nats diminished the toxic effects of
paracetamol.

Table 1.Effects of vitamin C an@-glucan on haematological parameters
in blood of paracetamol-treated rats.

Experimental groups

Parameters Paracetamol +
Control Paracetamol Vit C + B-
glucan
RBC (10'%/L) 7.34+0.31 6.16 + 0.40* 6.85 + 028
Hb (g/L) 145.0 + 5.43 131.3 £3.62*  143.2 + 2774
Ht (%) 39.61 +0.76 35.37+0.27¢*  38.75+ 1722
WBC (10°/L) 6.30 £ 0.23 9.57 £0.17* 7.25+ 0745
PLT (10°/L) 574.8 +31.5 637.2 +29.7 568.7 + 26.8

Vit C: vitamin C;[-glucan: 1,3-1,@-D-glucan; RBC: red blood cell;
Hb: haemoglobin; Ht: haematocrit; WBC: white blamall; PLT: platelets.
Values are expressed as means + S@@EM,5 animals).

*p<0.05, significantly different from control,

#p<0.05, significantly different from paracetamol gpo



139

Biochemical parameters

Table 2 and Table 3 shows effects of treatmentiochlemical parameters. Treatment
with paracetamol resulted in a significant decréasserum total protein (TP), albumin and
globulin, while caused a significant increase AIART and LDH activities compared to the
control (Table 2). Coadministration of vitamin Cddstglucan with paracetamol reversed
paracetamol-induced alterations in these biochdrparameters.

Table 2 Effects of vitamin C an@-glucan on biochemical parameters
in serum of paracetamol-treated rats.

Experimental groups

Parameters Paracetamol +
Control Paracetamol Vit C + B-
glucan

TP (g/L) 64.2+14 59.0 £+ 2.1* 62.3+1.6
Albumin (g/L) 13.7£0.8 12.3 +0.4* 13.4+0.6
Globulin (g/L) 50.5 + 1.6 46.7 + 2.1* 48.9+15
ALT (IU/L) 475+2.1 62.3 + 1.9 49.4+78
AST (IU/L) 148.2 +5.8 178.3 + 6.4* 143.7+ 4.6
LDH (1U/L) 565.8 + 24.6 898.3 £ 65.2* 734.6 +39.3

Vit C: vitamin C;B-glucan: 1,3-1,§-D-glucan; TP: total protein; ALT: alanine
aminotransferase; AST: aspartate aminotransfekd3d; lactate dehidrogenase.
Values are expressed as means + SEM,5 animals).

*p<0.05, significantly different from control;

#p<0.05, significantly different from paracetamol gpo

Table 3.Effects of vitamin C an@-glucan on electrolytes
in serum of paracetamol-treated rats.

Experimental groups

Parameters Paracetamol +
Control Paracetamol Vit C + B-
glucan
Na" (mmol/L) 158.0 + 2.8 135.2 + 2.4* 174.1 +8.7
K* (mmol/L) 7.5+0.3 5.3+0.2* 6.5+ 0.8*
ca’* (mmol/L) 5.4+0.3 11.3+1.4* 8.5 + 0.9+

Vit C: vitamin C;B-glucan: 1,3-1,@-D-glucan.
Values are expressed as means + S@EM,5 animals).
*p<0.05, significantly different from control;
#p<0.05, significantly different from paracetamol gpo
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Data presented in Table 3 showed that treatmemt patacetamol caused significant
decrease in level of serum electrolytes hiad K and increase in Galevel compared with
the control. However, in rat cotreatment of vitanGnandB-glucan with paracetamol Na
level was significantly increased, while Céevel was significantly decreased in serum when
compared to the group exposed to paracetamol alone.

Oxidative stress parameters

The effects of treatment on oxidative stress patarsen erythrocytes of rats are
shown in Figure 1. The obtained results indicatkdt tthe concentration of LPO in
erythrocytes is significantly increased (Figure 1Ayhile the concentration of GSH
significantly decreased (Figure 1B) in the growgated with paracetamol compared to control
group. Coadministration of vitamin C afehlucan with paracetamol reversed paracetamol-
induced alterations in these oxidative stress patars.
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Figure 1. Effects of vitamin C arfiiglucan on oxidative stress parameters
(LPO and GSH) in blood of paracetamol-treated rats.
Vit C: vitamin C;B-glucan: 1,3-1,§-D-glucan; LPO: lipid peroxidation; GSH: reducedtgthione.
Values are expressed as means + S@EM,5 animals). p<0.05, significantly different from control;
p<0.05, significantly different from paracetamol gpo

DISCUSSION

At therapeutic doses, paracetamol is considereal sefe drug. However, when taken
in overdose, it can cause hepatic necrosis, neptiottty, extrahepatic lesions, and even death
in experimental animals and human&$BeEMsand VERMEULEN, 2001; HNSON et al, 2010).

In recent years there has been growing interesihderstanding the role of antioxidants in

management of many diseases, including clinicafigful drug-induced toxicities fAAMY

and HamDY, 2011; $N\GH et al, 2011; deScHKE et al, 2013). This study investigated the

possible protective effects of Vit C afeblucan on oxidative erythrocyte damage induced in
rats by high doses of paracetamol.

The results obtained in our study show that treatnwdth paracetamol induces
changes of some haematological parameters inTatdg 1), suggesting that the paracetamol
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induced haematotoxicity. The reduced number of R&centration Hb and Ht value was
noticed, while the number of WBC increased. Théseirigs were in agreement with other
studies that found that after administration ofhhitpses or acute poisoning with paracetamol
heavy damage of the liver and kidneys was devel@pkrdDENOVIC et al., 2009; YOUSEFet

al., 2010; QebpeJi et al, 2013), leading to changes in the synthesis andtibn of blood
cells, their increased decomposition and hemoly&sacetamol affects erythropoiesis and is
associated with decreased production of erythrgcytethe circulation, which results in the
reduced of concentration Hb, Ht value and anaeHB&matotoxicity that occured in animals
treated with paracetamol, is characterized by theraoytosis and erythrocyte destruction.
Meanwhile, the increase in WBC counts might be tustress coupled with inflammatory
changes in tissue responsible for phagocytosi®xt tsubstances. Due to toxic effects of
paracetamol there has been an acute inflammatidtheakocytosis, mainly increased number
of neutrophils, which increase adhesion to endathebnd promote oxidative burst ¢Zer

et al, 2006).Paracetamol did not significantly changed the nunddePLT in comparison
with the control, from which we conclude that pataenol did not affect PLT aggregation.

In this study vitaminC andp-glucan, applied in cotreatment with paracetarned, tb
an increase in the number of RBC, Hb and Ht contpai¢h paracetamol treatment (Table
1). These findings showed a positive effect of ¢hastioxidants on erythropoiesfsglucan
induces the proliferation and differentiation ofehztopoietic stem cell systemaA(EISHI et
al., 1997), while vitamin C provides the absorptidriron, thus providing increased synthesis
of haemoglobin (WVRLENTOVA et al, 2011). Vitamin C andg-glucan in cotreatment with
paracetamol significantly reduced number of WBGKIU et al (2006) showed thgt-glucan
in cotreatment with paracetamol shows a significareduction of the enzyme
myeloperoxidase, which is responsible for the fiamcbf neutrophils, thereby preventing the
infiltration of neutrophils, and thus oxidative si'e damage caused by neutrophils. Since
activation of neutrophils probably leads to thenfation of reactive oxygen species (ROS),
preventing the activation of neutrophils may alesuits in the reduction of lipid peroxidation
(VETVICKA et al, 2002; KLU et al, 2006).

Paracetamol in this research has led to a decieaséal protein (TP), albumin and
globulin in serum (Table 2). A noticeable decress&P may be the result of reducing the
number of cells responsible for protein synthesishie liver due to necrosis ¢(GDWASSER
and FELDMAN, 1997). The liver is the major source of mosthe serum proteins, in which
the parenchymal cells are responsible for synthes$isalbumin, fibrinogen and other
coagulation factors and most of theandf3 globulins (THAPA and WALIA, 2007).Albumin is
quantitatively the most important protein in theagsha Reducing the concentration of
albumin occurs mainly due to increased vasculampability during acute inflammation and
their release into intercellular spaces. A low sealbumin indicates poor liver function and
so the reduction in albumin levels are generallygestive of liver disease. Albumin binds to
drugs or chemicals and facilitates their transpioma (THAPA and WALIA, 2007). The
observed decrease in albumin by paracetamol caula tesult of a decline in the number of
cells responsible for albumin synthesis in the rlilerough necrosis (@.DWASSER and
FELDMAN, 1997). Our study revealed that vitamin C dhdlucan retained the measured
proteins into its normal levels, suggesting thas tlneatment did nosignificantly affect
metabolism of proteins.

After ingestion of chemicals or drugs like a patao®l, there are many enzymes
found in the serum that did not originate from theracellular fluid. After tissue damage,
some of these enzymes find their way into the sdaaking through membranes with altered
permeability. Serum enzymes [aspartate aminotreamsfe(AST), alanine aminotransferase
(ALT) and lactate dehydrogenase (LDH)] activity m@@ments are a valuable tool in clinical
diagnosis. Measurement of these enzymes actiwtigssues and body fluids can be used to
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estimate the degree of toxicity of a chemical coomgb on organ/tissues QUSEF et al,
2010).

ALT and AST are commonly used biochemical mark&rsiepatocellular necrosis
(FRIEDMAN et al, 1996). In necrosis of hepatocytes, these enzyrass into the blood, and
therefore are considered as a sensitive index pétbeellular damage. LDH is an enzyme
found in the liver, kidneys, skeletal muscles, glietis and catalyzes the conversion of lactate
to pyruvate. Increased levels of LDH in human sereffects the degree of destruction of
cells and toxic side effects in tissues which &b m this enzyme. Our results showed that
the activities of the enzymes (ALT, AST and LDHyrsficantly increased in animals that
were treated with paracetamol, compared to therabffable 2). These changes indicate that
the paracetamol caused liver damage, disruptinguhetional integrity of cell membranes,
and led to the release of these enzymes in seritm@selresults are similar with the ones
reported in the study byAXG et al (2012) and HssANIN et al (2013).

Administration of vitamin C ang-glucan showed significant decrease activities of
hepatic marker enzymes (AST, ALT and LDH), whicHeets their protective effect (Table
2). Our results are in agreement with other re$emADENEYE and QAGUNJU, 2008;
HASSANIN et al, 2013), and suggest that vitamin C ghdlucan are able to preserve the
functional integrity of cell membranes of hepatesyand to prevent necrosis and ,leak® of
these enzymes in the bloodstream.

The results indicate that paracetamol is led taiBg@nt decrease in the concentration
of Na" and K and increase of Gain the serum compared to the control (Table 3) Th
reduced concentration of Naan be a result of inhibition of the Ni&*-ATP-ase. It is shown
that toxic concentrations of paracetamol lead tmlatwe damage and reduced flexibility of
erythrocytes, increased membrane permeability asmotic weaknesses of cells, which
results in increased degradation or haemolysis rgthecytes (YOUuseF et al, 2010).
Increased Cd is a result of toxic metabolite NAPQI, and leadsvariety of destructive
processes, which involves the destruction of cygtetkn, activation of catabolic enzymes,
phospholipases, endonucleases, and proteasespsndflATP production. However, in rat
cotreatment of vitamin C an@-glucan with paracetamol Nalevel was significantly
increased, while Calevel was significantly decreased in serum whengared to the group
exposed to paracetamol alone.

Several studies have indicated that oxidative st@esl lipid peroxidation (LPO) are an
important factors in the development of paracetaassbciated hepatotoxicity (MDENOVIC
et al, 2009; YouseFet al, 2010) Antioxidant and anti-inflammatory agents play adazal
role against paracetamol intoxication by scavenguotive oxygen and free radicals and
neutralizing lipid peroxides (Juseret al, 2010).Among several proposed mechanisms of
protective effects off-glucan, the major one is related to its antioxtdaapacity
(HAVRLENTOVA et al, 2011; Wkokovi¢ et al, 2013). Vitamin C is naturally occurring free
radical scavenger and can protect biomembranessigagroxidative damage.

It was found that toxic paracetamol concentratiomsluce deformations of
erythrocytes and increase membrane permeabilitpsofic C&" concentrations and osmotic
fragility of cells, resulting in reduced erythroeysurvival(HINSON et al, 2010). The results
of this work show that treatment with paracetamalsed a significant increase in the
concentrations of LPO in the erythrocytes (Figufg, Iindicating oxidative damage of cell
membranes and the occurrence of oxidative stress.

Increased LPO level after paracetamol treatmenigiwis in accordance with research
by other authors (MADENOVIC et al, 2009;0A ROSAet al, 2012), led to tissue damage and
inability of antioxidant system to prevent the fatmn of excessive free radicals.
Malondialdehyde (MDA) is one of the end-productsogfdative damage to lipids, and can
react with amino groups of proteins and nucleidsicicausing even greater cell damage.
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Lipid peroxidation reduces the fluidity of biologic membranes, thereby increasing the
permeability to monovalent and divalent ions andciivate the membrane enzymes.
Intensive lipid peroxidation in biological membranéeads to a decrease in membrane
potential, increase permeability to" ldnd other ions, which in the end results in sprguof

the cells and release its contentaW(HwELL and QTTERIDGE, 2007).

Furthermore, vitamin C angtglucan treatment had significantly reduced LP@Fé
1A), indicating its potential role to protect theythrocytes by reducing lipid peroxidation,
oxidative stress and haematotoxicity. Toktual (2006) showed that treatment wittglucan
significantly reduces the production of MDA, whigkeans that there has been a reduction in
LPO and cell damage. Both animalQi@GE et al, 2007) and human studiesd®uN and
AJALA, 2005) have shown that vitamin C has a protecawe antioxidative effect in
»scavenging® ROS. The vitamin C donates electrandrieak the chain reaction of lipid
peroxidation.

Reduced glutathione (GSH) is a major endogenousxadént which counterbalances
free radical mediated damage. Decreased cellulét @%Is and capacity for GSH synthesis
sensitize cells to radiation and to certain drigszer et al, 2003).

The results of this work show that paracetamoltineat induces oxidative stress and
decreased GSH level in the rat erythrocytes (Figie Paracetamol toxicity in the liver is
mainly interceded by the covalent binding of NAP@®E reactive metabolite of paracetamol,
to sulfhydryl groups of GSH and various proteingd #meir subsequent oxidation It$0ON et
al., 2010). Overproduction of free radical in alorergeretamol-intoxicated rat might have
upshot the erythrocytic lipid peroxidation, and seqguently increased MDA contents. This
may also be implicated with diminished erythrocy8&8H contents, as to combat the over
production of free radicals, erythrocytic GSH stoneight have been exhausted.

However, cotreatment with vitamin C arfétglucan prevented the paracetamol-
induced depletion of GSH (Figure 1B). The relattopsbetween vitamin C and GSH is
unique. Vitamin C reduces GSH back to the activenfoOnce reduced glutathione will
regenerate vitamin C from dehydroascorbic acid (BjAr oxidized state. Other studies
confirm the results that the application of antdafts increases the level of intracellular
reduced glutathione @GKLU et al, 2006; FASSANIN et al, 2013). Various studies shown that
vitamin C and3-glucan exhibit protective effects AMRLENTOVA et al, 2011; \ETVICKA and
VETVICKOVA, 2012; FhssaNIN et al, 2013). The aim of this study was to show theeggistic
effect of these two antioxidants in coadministnatiath paracetamol.

CONCLUSION

In conclusion, changes in haematological and bimited parameters, as well as
changes in levels of oxidative stress markers ayithcytes damage indicate that acute use
of paracetamol may lead to development of haemxttp and associated disease. The
findings of the present study also show that vita@iandB-glucan reduces the paracetamol-
induced erythrocytes damage and dysfunction byadiadithe GSH depletion, oxidative stress
generation and lipid peroxidation. Our results gsgghat vitamin C anf-glucan may be of
therapeutic use in preventing the paracetamol itgxic
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