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ABSTRACT

Paracetamol (PCM) overdose can cause nephrotowilityoxidative stress as one of the possible ma@shes
mediating the event. However, Dehydroepiandroseef@HEA), the major secretory product of the human
adrenal gland, has been shown to possess a nmgétdd antioxidant activity which is also effectagainst lipid
peroxidation induced in various animal models agalrest various human disorders. In this studyptiegentive
effect of DHEA against PCM-induced nephrotoxicityasvexamined. Rats were divided into four groups
containing 10 rats each, as follows: A control: &ead normal saline, Vehicle treated: Received/éiecle (5%
DMSO0), PCM model (750 mg kb, PCM and DHEA treated: Received concomitant dfseCM (750 mg
kg™) + DHEA (250 mg k@), respectively, for 4 consecutive weeks. All tneet were given orally to animals.
Our results show that co-treatment of DHEA with P@kévented the PCM-induced nephrotoxicity and
oxidative impairments of the kidney, as evidencga Isignificantly reduced (p<0.05) level of serumatinine,
urea and BUN with parallel significant increases serum protein, Cr clearance and kidneys weights.
Furthermore, DHEA was able to induce a signifigaotement (p<0.05) of renal levels of reduced Ghitae
(GSH) and activities of Superoxide Dismutase (S@BJ Glutathione Peroxidise (GPx). An effect thas wa
accompanied with a significant decrease in repal [peroxides levels (MDA). The nephroprotectivieets of
DHEA was confirmed by a reduced intensity of reswlular damage, as evidenced by histological fligsli In
conclusion, DHEA at a daily dose of 250 mg*kgas a protective role against PCM-induced nepkiaitp in

rats and the process is probably mediated thrasgtmiioxidant properties.
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1. INTRODUCTION (Nourjah and Wiley, 2002). However, these figures
continue to rise (Bernal, 2003). In recent time, safety
Paracetamol (PCM ) or Acetaminophen (marketed asof PCM even at therapeutic doses has generated
Panadol in Great Britain, Tyelonol in the US) is an considerable debate (Jaletral., 2006).
effective, well tolerated, widely used over-the-otar In the tissue, PCM toxicity is mediated by the abyi
analgesic antipyretic agent (Jaktral., 2006) with more  of its reactive metabolite known asN-Acetyl-P-
than 1 billion tablets sold annually in the UnitBthtes  benzoquinoneimine (NAPQI), which is detoxified by
alone (Nourjah and Wiley, 2002). It was reportedtth intracellular Glutathione (GSH) (Elhabi# al., 2007).
PCM is safe when administered at recommended dose$herefore, an overdose of PCM will saturate the
(Ozkaya et al., 2010). However, its overdose is conjugation pathways of GSH and cause depletion of
commonly associated with hepatic (Toldual., 2006)  cellular GSH. This subsequently leads a reduced
and renal damages (Steehal., 2005). It is estimated capacity of GSH to detoxify NAPQI. Increased lewél
that over 56,000 emergency visits and nearly 5Gdhde = NAPQI mediates oxidative damage and thus enhances
occur in the US annually, resulting from PCM toiici  cellular injuries and organ dysfunction, includirenal
owing to either intentional or accidental overdosesdamage (Harét al., 1994).
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Although the occurrence of nephrotoxicity is less vitro (Aragnoet al., 1997; Brignardellcet al., 1998;
common than that of hepatotoxicity as reported byKumar et al., 2008). From these finding, DHEA
Blakely and McDonald (1995), PCM induced renal therapy in various diseases related to oxidativesst
toxicity has been increasingly reported in margréiture, is an area of interest.

(Boutis and Shannon, 2001; Abdel-Zaharal., 2007; As, PCM is implicated to cause nephrotoxicity
Gulnazet al., 2010) and some studies have documented thatmainly by oxidative stress related mechanism, ie th
PCM-induced renal tubular damage and acute renakurrent study, we hypothesized that therapeutie dids

failure can occur even in the absence of liver dggna DHEA treatment could ameliorate or reduce the sgver
(Carpenter and Mudge, 1981) and can be the primaryof oxidative damaged in PCM induced nephrotoxicty i
manifestation of PCM toxicity (Boutis and Shannon, rats. This hypothesis was studied by measuringekidn
2001). In fact this is not surprising, probably dese the  function markers, oxidative stress biomarkers,
kidney is supplied with a large volume of blood antioxidant status and histopathology structurangfes

accounting for 20% of total cardiac output (Mari2B06). in the kidneys of intoxicated rats.
Therefore, the kidney is likely to be affected lkegandary
effects of drugs and their metabolites that aremactated 2. MATERIALSAND METHODS

through the urine concentrating mechanism (Marieb,
2006). According to literature, PCM nephropathy is  Paracetamol (PCM) as tablets were purchased from
characterized by alterations in urine volume, ghitme  local medical store, Abha, Kindom of Saudi Arabrala
status, creatinine clearance and increased prodfibisd dissolved in 0.9% normal saline to the desired Ifina
peroxidation (Boutis and Shannon, 2001). volume used in the experimental procedure.
However, therapeutic options for the treatment andDehydroepiandrosterone (DHEA) were purchased from
the  prophylaxis of  acetaminophen-associated Sigma Co (USA) and was prepared as a stock solbgion
complications are limited (Jamessal., 2003a). Thus, the dissolving in 5% DMSO in normal saline. Assay Kis
search for chemoprophylactic agents for acetamiaoph determination of Malondialdehyde (MDA, Cat No.
related renal complications becomes imperativec&Sin  NWK-MDAO1) were purchased from NWLSS, USA.
current evidence suggests that PCM-induced hepatbre Assay kit for determination of superoxide Dismutase
injury is mediated by oxidative damage and incrdase (SOD, Cat NO.706002), glutathione peroxidase agtivi
lipid peroxidation (Schnellman, 2001; Bessems and(GPX, Cat NO.703102) and reduced glutathione (Cat
Vermeulen, 2001). Therefore, the alternative tremim  NO.703002) were purchased from Cayman Chemical,
for PCM toxicity could be achieved using a natural Ml, USA. Assay kit for determination of Urinary
compound with antioxidant activity. Indeed several creatinine (Cat NO.500710 ) was purchased, Cayman
biological compounds with antioxidant properties Chemical Company, MI, USA). Kinetic reagent s for
including melatonin, vitamin E and N-acetyl-cysein determination of blood urea nitrogen (BUN, Cat., no
proved effective in protecting the kidneys against 283-30) were purchased from Diagnostic Chemicals
deleterious effects of PCM overdose (Sestel., 2003) Limited. Spectrophotometrical assay kit for detevation
Dehydroepiandrosterone (DHEA) and its sulphate Of serum Sodium (N3, Potassium and total protein 0K
metabolite (DHEAS) are the major steroid hormonesWere purchased from Human diagnostic company,
secreted by the zona reticularis of the adrenahdyla German. Assay colorimetric kit for determinatiomuse
(Krysiak et al., 2008). A decline in their production is and urinary Creatinine (Cr) concentration (Cat.,. no
the most characteristic age-related change in the/00460 & Cat., no. 500701; respectively) were paseld
adrenal cortex (Krysialet al., 2008; Kumaret al.,  from Cayman Company (Ann Arbor, MI, USA). All
2008). It is a widely studied hormone with multi- analyses were performed in accordance with the alanu
functional properties. DHEA has been reported to Provided by the manufacturers.
possess beneficial effects on cancer (Boccetai., ;
1992), atherosclerosis (Gordan al., 1988), obesity 2.1. Animals
(Nestler et al., 1988) and diabetes (Colemah al., The experiments were performed on healthy male
1982). Interstingly, DHEA was shown to protect Wistar rats of eight weeks old and body weight 80-1
agains I/R injury in kidney (Aksoyet al., 2004). 200 g. They were supplied from the animal housthet
Published data support that DHEA is well know college of medicine of King Khalid University. Thats
antioxidant that acts to limit generation of free were fed with standard laboratory diets, given wate
radicals and lipid peroxidationn vivo as well asin libitum and maintained under laboratory conditions of
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temperature 22°C (x3°C), with 12 h light and 12dnkd 2.4. Creatinine(Cr) Clearance
cycle. The experimental procedures involving the
handling and treatment of animals were approvethby
ethical committee of the medical college at KingaKth
University and all procedures were conducted in
accordance with the National Institute of Healt@'side

for the Care and Use of Laboratory Animals.

Cr clearance (Ccr) was calculated using the folhawi
equation (Liuet al., 2012):

Ccr (mL/min/kg) = [urinary Cr (mg/dL) x urinary
volume (mL)/serum Cr (mg/dL)]x[1000/body weight
(9)]x[1/1440 (min)]

2.2. Experimental Protocol

After one week adaptation, animals were divided int 2.5. Preparation of Tissue Homogenates

4 groups (each of 10 rats) and treated as follows: Immediately after blood collection, animals were
killed by decapitation. Kidneys form all groups wére

* Group-l: Served as normal control received normal quickly collected, washed with Phosphate Buffered

saline only daily _ _ Saline (PBS), pH 7.4, containing 0.16 mg Thlof
. Group—l_l: Served as vehicle .treated received 5% heparin to remove any red blood cells (erythroQyéesl
DMSO in normal saline three times/week clots. Then they were homogenized with an ultrasoni
* Group-lll: Served as PCM control, administered homogenizer in cold phosphate buffer, pH 7.0 with
with paracetamol 750 mg Kgday on daily basis Ethylenediaminetetraacetic Acid (EDTA), for

+ Group-lV: Serve as DHEA co-treated group Thiobarbituric Acid Reactive Substances (TBARS)
received PCM as in group-Il + DHEA (250 mg Rg measurement and with cold _20 mM N-(2-hydroxyethyl)
three time/week piperazine-N’-2-ethanesulfonic acid (HEPES) buffe,

7.2, containing 1 mM ethyleneglycol-bis (2-

Selection of PCM doses was based on previousaminoethoxy)-tetraacetic acid (EGTA), 210 mM

published data that showed nephrotoxic effect d¥IRE mannitol and 70 mM sucrose for SOD activity
this dose and route of administration (Zariyantewl.,  measurements. Also, other parts of the kindeydiaacs

2012) where as selection of DHEA was based on thewere homogenized in cold buffer consists of 50 mistt

published data that showed that chronic administraif HCl, pH 7.5, 5 mM ED-TA, 1 nM DTT for

DHEA at this dose and by this route is safe in eatd  determination of Glutathione Peroxidase (GPx) dtgtiv

has a therapeutic and an antioxidant effect inowi and the levels of reduced Glutathione (GSH). All

tissues (Lardyt al., 1999). supernatants were kept in separate tubes and sabred

23 Post Treatment Procedure 20. However, other parts of the kidneys were placed

10% formalin solution for histopathological evaioat
All treatments were continued for 4 weeks on daily

basis. Treatments were given to all groups oraiti the 2.6. Measurement of Malondialdenyde (MDA)
help of feeding canula. During this period, thes naere Levels

weekly adapted to metabolic cages (These cages offe | jpid peroxidation levels in the kindeny homogersate
big space to rats to move freely without any rése@  \were measured by the Thiobarbituric Acid (TBA)
stress). At the end of day 28 and after a 12 linfgstats  reaction using the commercially available kits a&s p
were placed in their metabolic cages and the ameur manufacture instructions. This method was used to
samples were collected into tubes containing 200fiL  measure spectrophotometrically the color producgd b
2.5 mol L HCI over 24 h. Then, the samples were the reaction of TBA with Malondialdehyde (MDA) at
measured individually and filtered with 0.2 um Nire 532 nm. For this purpose, TBARS levels were measure
filters and stored at -78°C to measure the levdls 0 using a commercial assay as the MalondialdehydayAss
urinary Creatinine (Cr) levels. Then, all rats were (Cat No. NWK-MDAO1) supplied from NWLSS, USA.
anesthetized with light diethyl ether and 2 mL llagas In brief, Tissue supernatant (5Q) were added to test
collected directly by cardiac puncture, placed iptain tubes containing 2uL of Butylated Hydroxytoluene
tubes which was allowed to clot and then centrifbge  (BHT) in methanol. Next, 5QL of acid reagent (1 M
5000 rpm for 10 min at room temperature to collect phosphoric acid) was added and finally j@0 of TBA
serum. Serum samples were aliquoted and stored at solution was added. The tubes were mixed vigorously
80°C for further analysis of urea, creatinine anthlt  and incubated for 60 min at 60°C. The mixture was
protein levels using commercial available kits adatg centrifuged at 10,000x g for 3 min. The supernateas

to manufacturer’s instruction. put into wells on a microplate in aliquots of 5 and its
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absorbance was measured with a plate reader atr32
MDA levels were expressed as nmol/mg protein.

2.7. Measurement
(SOD) Activity

SOD activitis
measured using
according to the manufacturer’s instructions. THeDS
assay consisted of a combination of the followisagents:
0.3 mM xanthine oxidase, 0.6 mM diethylenetriamine
penta acetic acid (DETAPAC), 15@M Nitroblue

of Superoxide Dismutase

decrease in absorbance at 340 nm. Under conditions
which the GPX activity is rate limiting, the raté o
decrease in the A340 is directly proportional te GPX
activity in the sample. The results were preserasd
nmol/min/g protein. One unit is defined as the antou

in the kidneys homogenates were 0df enzyme that causing the oxidation of 0.1 nmbl o
the supplied commercially assay kifNADPH to NADP/min at 25°C.

2.9. Glutathione Assay

The levels of reduced GSH were measured using
Cayman GSH assay kit which involved an optimized

Tetrazolium (NBT), 400 mM Sodium Carbonate (Na2CO3) enzymatic recycling method and GR. The sulfhydryl

and bovine serum albumin (1 g% The principle of the
method is based on the inhibition of NBT reductlmn
superoxide radicals produced by the xanthine/xaathi
oxidase system. For the assay, standard SOD swuind
tissue supernatant (1) were added to wells containing
200 uL of NBT solution that was diluted by adding 19.95
mL of 50 mM Tris-HCI, pH 8.0, containing 0.1 mM
DETAPAC solution and 0.1 mM hypoxanthine. Finatg,
uL of xanthine oxidase was added to the wells antanval

of 20 s. After incubation at 25°C for 20 min, tleaction
was terminated by the addition of 1 mL of 0.8 mMbriwi
chloride. The formazan was measured
spectrophotometrically by reading the absorbancB6at
nm with the help of plate reader. One Unit (U) @C5is
defined as the amount of protein that inhibits thie of
NBT reduction by 50%. The calculated SOD activitgisw
expressed as U/mg protein.

2.8.Measurement of Glutathione Peroxidase

(GPx) Activity

Glutathione peroxidase activities in kidneys

group of GSH reacts with 5,5-ditho-bis-2-nitrobeiczo
acid (DTNB) and produces yellow colored 5-Thio-2-
Nitrobenzoic Acid (TNB). A mixed disulfide, GSTNB
(between GSH and TNB), is also produced that is
reduced by GR to recycle GSH, thereby producingemor
TNB. The rate of TNB production is directly
proportional to this recycling reaction which is turn
directly proportional to the concentration of GStHthe
sample. The absorbance of TNB at 410 nm was used to
estimate the amount of GSH in the sample. The GSH
level was expressed amol/mg protein.

2.9. Histopathological Evaluation

Kidney specimens from all groups of rats were
processed routinely in 10% formalin solution and
embedded in paraffin. Tissue sections ofus were
obtained and stained with Hematoxylin and Eosin
(H&E). All histopathological examinations were
performed under a light microscope (NIKON, Japan)
by different histologist at the college of mediciae
King Khalid University who was blinded to all tissu

homogenates were measured using the commerciallgpecimens regarding their group. A minimum of 10

supplied kit provided as per manufacture instrunio
Glutathione peroxidase catalyzes the reduction yof h
droperoxides, including hydrogen peroxide, by redlic
glutathione and functions to protect the cell from
oxidative damage. With the exception of phosphdlipi
hydroperoxide GPX, a monomer, all of the GPX
enzymes are tetramers of four identical subunitechE
subunit contains a selenocysteine in the active, sit
which participates directly in the two-electron wetion

of the perox-ide substrate. The enzyme uses glatah
as the ultimate electron donor to regenerate tdaced

fields for each kidney were examined.
3. RESULTS

3.1. Changes in Body Weight, Kidney Weight
and Food and Water Intake

In all experimental groups, no mortality was observ
during the period of the study. Significant rediuoed
(p<0.0001) in water intake and food consumptionyvas
Il as reduced total body and kidneys weight were

form of the selenocysteine. The Cayman Chemicalobserved in PCM group as compared to contfad.(1

Glutathione Peroxidase Assay Kit measures GPxifctiv
indirectly by a coupled reaction with Glutathione
Reductase (GR). Oxidized Glutathione (GSSG)

and 2). In contrast, The group of rats received PCM
concurrent with administration of 250 mg kgf DHEA

is showed higher food and water consumption and weighe

produced upon reduction of hydroperoxide by GPX andsignificantly higher and the weights of their kigse

is recycled to its reduced state by GR and NADPhe T
oxidation of NADPH to NADP+ is accompanied by a
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Fig. 1. Average final body and kidney weights in the cohéind experimental groups of rats. Values (me&D} were obtained for
each group of 10 animals and considered signifigalifferent at p<0.05. a: Significantly different when compared ¢mirol
group; b: Significantly different when compared wehicle treated group (5% DMSO). c: Significantliffetent when
compared to Paracetamol treated group (PCM)
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Fig. 2. Average daily food and water intakes in the conamadl experimental groups of rats. Values (mean }\&be obtained for
each group of 10 animals and considered signifigalifferent at p<0.05. a: Significantly different when compared ¢mirol
group; b: Significantly different when compared wehicle treated group (5% DMSO). c: Significantlifferent when
compared to Paracetamol treated group (PCM)

ANOVA and Tukey's T test revealed no significant concomitant with these findings, urine volume was
changes in the values of these parameters as cethfmar ~ significantly decreased resulting in significant
control group. Meanwhile, no significant alteratiam decrease in Cr clearance (p<0.0001) On the other
water and food consumption, neither body or kidneyshand, rats administered vehicle alone (Group II)
weight were recorded from rats treated with theicleh  revealed a non-significant change in the mentioned

alone (5% DMSO). parameters as compared to control group. However,
. . co-treatment with DHEA and PCM recorded
3.2. Markersof Kidney Function significant decrement in BUN (p<0.0012) urea

Indices of kidney functions were displayedTiable ~ (P<0.0021), creatinine (p<0.0032) as well as a
1 and 2. The levels of BUN, urea and creatinine aparallel significant increases in urine volume
significantly (p<0.0001) increased where as total (°P<0.0047) and serum total protein levels in
proteins levels were significantly decreased (pg01)  comparison with paracetamol-treated group. The
in serum of rats received paracetamol as compaved tlevels of all these parameters were not signifiyant
control group. Also, in these groups of rats and in different as compared to control group.
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3.3.Oxidative Stress Parameters in the Renal noticed in the renal tissue of the rats receivedicle.
Homogenates However, concomitant administration of DHEA to PCM

intoxicated rats resulted in significant increaseshe

Activities of SOD and GPX as well as levels of GSH activities of SOD and GPX and in GSH levels and
were significantly depressed (p<0.005) and levdls o resulted in a significant decrease in MDA levelgtigir
MDA were significantly enhanced (p<0.0003) in the renal homogenates as compared to PCM treatedltags.
renal homogenates of PCM treated group as compared ANOVA analysis showed no significant changes in the
the control group. Meanwhile, no significant chasge levels or activities of these parameters in thisugr of
the levels or activities in all of these parameterse rats as compared to control groligble 3.

Fig. 3. Photomicrographs of kidneys from all groups o6rg&): Control rat. (B): DMSO treated rat, theseup® show normal
architecture of kidney with prominent Bowman’s cdpswepithelial Cells and normal tubules. (C): Pa@oel (PCM)
treated rat shows mild thickening of the basemeginbrane along with change in the density of mesanehatrophy and
degeneration of glomerular capillaries with incesh8owman’s space (urinary space) and tubular niscrGsumerulular
capillaries were completely absent in some glunustu(D): DHEA+ PCM treated rat shows normal archete of
glomerular capillaries, intact epithelial cells wihe presence of some degeneration in the tubules
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Table 1. Changes of the renal function-related parametetfseicontrol and experimental groups of rats

Group BUN(mg/dL) Serum Cr. (mg/dL) Urinary Cr. (mg/dL) Urine volume (mL/24 h.)  Ccr. (mL/min/kg)
Control 16.01+2.34 0.391+0.032 59.63+2.67 4.67+£0.636 1.98+0.595
Vehicle 15.99+3.11 0.388+0.041 60.11+4.11 4.9146.31 2.01+0.31

PCM 28.61+3.78  0.98+0.018" 19.61+2.48° 1.10+2.1%° 0.06420.022°
PCM+DHEA  18.59+3.4% 0.403+0.011 57.65+5.16 4.88+0.88 1.94+0.085

Values (mean + SD) were obtained for each groupOo&nimals and considered significantly differenp=0.05. a: Significantly
different when compared to control group; b: Sigaiftly different when compared to vehicle treaggdup (5% DMSO). c:
Significantly different when compared to Paracethtmeated group (PCM). Cr: Creatinine, Ccr: Creatinileai@nce rate

Table 2. Levels of Urea and total proteins in the serurnasftrol and all experimental groups

Group Urea (mg/dL) Total proteins (mg/dL)
Control 34.354+3.11 5.66+0.16
Vehicle 34.2243.67 5.89+0.79
PCM 61.3245.1% 3.67+0.87"
PCM+DHEA 38.2845.61 5.89+0.35

Values (mean + SD) were obtained for each groupOo@nimals and considered significantly differenp=0.05. a: Significantly
different when compared to control group; b: Sigaiftly different when compared to vehicle treaggdup (5% DMSO). c:
Significantly different when compared to Paracethtmeated group (PCM)

Table 3. Levels of MDA and GSH and activities of Superox@ismutase (SOD) and glutathione peroxidise (GPxhakidney
homogenates of the control and experimental grofipsts

MDA GSH SOD GPx

(nmoL/mg) pm/mg (U/mg) (mmol/min/mL)
Control 0.839+0.014 44.33£3.45 8.56+1.47 65.14+3.64
Vehicle 0.826+0.009 46.3245.46 8.48+1.26 65.88436.1
PCM 1.768+0.0.04F 25.6745.7 5.15+0.914° 41.22+4.18°
PCM+DHEA 0.798+0.02 41.56+4.32 7.98+1.34 57+4.56

Values (mean + SD) were obtained for each groupOo&nimals and considered significantly differenp=0.05. a: Significantly
different when compared to control group; b: Sigaiftly different when compared to vehicle treaggdup (5% DMSO). c:
Significantly different when compared to Paracetatmeated group (PCM)

Paracetamol (PCM) induced nephrotoxicity model of
rats. Biochemical markers of kidney function releakls
of antioxidant system components as well as lipid
rats showed normal structure. In PCM treated rats,peroxidation and histopathological changes were
kidney sections showed mild thickening of the baseim  qnsidered for assessing its nephroprotective piege
membrane along with mild change in the density of The major findings of the current study are thallpr
mesenchyme, atrophy and degeneration of glomerulat,y . ictered DHEA (250 mg Ky ameliorated all
capillaries with increased Bowman's space (urinary pigchemical parameters of nephrotoxicty and boostael
space) and mild tubular necrosis. Some of thegnqogenous non enzymatic and enzymatic antioxidant
glomerulular caplllgrlgs were completely absenteTh yafence systems and resulted in mitigation of padfical
group of rats administered PCM and DHEA showed changes in the kidney tissues of PCM intoxicatesd ra
improvement in their histological architecturesliming PCM induced nephrotoxicity has been previously
normal glomerulus, normal basement membrane antjocumented by a number of studies (Chenggtil.,
capillaries. Moreover, Bowman's space (urinary spac 2003; Khorsandi and Orazizadeh, 2008; Foeadi.,
and Acute Tubular Necrosis (ATN) were improved 2009). However, srum urea, protein and creatinise a
towards normal conditioRig. 3. well as urinary creatinine levels are consideredkers

of nephrotoxicity, but serum urea concentration &l

4. DISCUSSION

3.4. Histopathogical Findingsof Liver and Kidney

Histology of kidney in the control or vehicle tredt

calculated creatinine clearance rate are oftenidered

a more reliable renal function predictor than serum
In the present study orally administered DHEA was creatinine (Khorsandi and Orazizadeh, 2008). Irs thi

subjected to nephro-protective activity by using study, we demonstrated that the administration of

////4 Science Publications 22 AMJ



Abbas O. Elkarib / American Medical Journal 5 (1§:27, 2014

overdose PCM (750 mg Kg for 28 consecutive days 2007). In the kidneys, NAPQI in its high amountdl wi
was able to induce nephrotoxicity in rats, as destrated  turn be conjugated with GSH to detoxify this produc
by the significantly increased level of plasma uesal with consequent exhaustion of cellular GSH reserve
creatinine and significant decreases in serum total(Seneret al., 2005). At sufficiently high doses, GSH
proteins. These results are in agreement witholbserved  becomes depleted leaving NAPQI free (Bigal., 2006).

by Isik et al. (2006) who noticed an elevation in serum The free NAPQI is strongly electrophilic and binds
urea and creatinine in rats after 1 g'kg.w. of PCM  covalently and irreversibly to critical cellularragpein
administration. Moreover, Satirapefj al. (2009) reported  causing cellular necrosis (Jamesal., 2003b). Also,

an elevation in serum urea and creatinine in a wWoma gjeyated levels of MDA in tissue have been regamted
following therapeutic dose of PCM three days before 5 indicator for cellular damage due to excessdlipi
hospital admission. = Also, Our finding were in peroxidation processes that occur during malfumctip
accordance with that reported by (Mayne, 1994) t® e gntioxidant defense system (Kaplowitz, 2000).

confirmed that in nephrptoxicity and renal diseaske Indeed, several studies have clearly demonstratad t
serum urea and creatinine accumulates becauseatde r PCM overdose induces renal oxidative stress as

of production exceeds the rate of clearance duthdo manifested by a decrease in antioxidant enzymesand
defect in renal function. Indeed, supporting te tfm our : g . L
increase in lipid peroxidation product

current study, creatinine clearance was signifigant (malondialdehyde) (Ghosh and Sil, 2007).

reduced in the PCM administered rats.

The significant decreases in serum protein levels i The present study d_emonstrated that PCM overdose
PCM intoxicated rtas could be explained by excessre.SUIted In an increase in the renal MDA level bai@d
secretion in the urine. One limitation of this ihet with the decrease in the SOD and C.AT activities as
current study is that we didn't measure proteirelan well as GSH Ievel_ when compare_d with control rats.

.Our results were in agreement with that reported by

the urine sample of these rats. These results rare i .
agreement with that observed by Metoal. (2006) who Co_hen_et al. (1998) who c_on(_:IL_Jded thafc P(;M md_uced
oxidative stress results in lipid peroxidation, t@io

noticed an increase in the urinary excretion ofiain after ) e ; T

PCM injection associated with decrease levels afirse th.'OIS OX|da_t|on, depletlon_ of an_t|OX|dan_t _enzyrneda

protein. The decrease in protein levels in thersasfithese mltochpndrla_l endoplasmic reticulum injury. In Fhe

rats may be attributed to the dysfunction of thexjmal Same."ﬂe' Llnargaet al. (2(.)06) sugges?ed that, QUrlng

convoluted tubule because proteins are completbsigraed rengl injury and inflammation, §uperOX|de and. pmfex
radicals are generated at the site of damage tiregih

from these tubules under normal conditions. ) L .
The kidneys are involved in the excretion of vasiou the erletlon of SOD _and CAT activities .Wh'Ch are
xenobiotics, pollutants, toxins and hence theypome cons!dergd the most important enzymes involved in
' ' i ameliorating the effects of oxygen metabolism.

to liberate high quantities of free radicals whic )
contribute to high oxidative stress that is involia the The nephrotoxic effect of PCM was further

pathogenesis of kidney damage (Gheshl., 2010). To confirmgd by th_e sevgrely destrl_Jcted renal_ tisme,
date, a number of studies have suggested thehown in the histological analysis of the kidneys o
involvement of oxidative stress as the mediatoP6M PCM intoxicated rats. PCM administered the overdose

induced nephrotoxicity (Daet al., 2010; Yousekt al., of PCM showed typical nephrotoxicty which is
2010). Hartet al. (1994) pointed out that PCM toxicity characterized by mild thickening of the basement
was shown to enhance N-Acetyl-P-benzoquinone ImineMémbrane along with change in the density of
(NAPQI) radicals production. The accumulated NAPQI Mesenchyme, atrophy and degeneration of glomerular
induces greater formation of free radicals, whigk a Capillaries with increased Bowman's space (urinary
responsible in mediating cellular damages and renaSPace) and tubular necrosis. This finding is in
toxicity. It has been suggested suggests that thedccordance with that of Abdel-Zahetral. (2007) who
administration of high dose of PCM saturates the Showed that the administration of PCM at 750 mg kg

metabolic pathway, decreases the liver clearang&Cpf ~ induced nephrotoxicity and structural changes ie th
and allows higher amounts of the un-metabolizeg dou  kidneys of rats.. _ _
come in contact with the kidney (Get al., 2005). The possibility of using DHEA in management of

Because the same enzyme system as the liver is als¢arious diseases has attracted considerable atteover
present in the kidney, it is most probable that QAP ~ recent years. Whereas DHEA therapy seems to be
will also be formed in the kidneys, giving risettxicity ~ effective in treating patients with cognitive deel]
but much later than in the liver (Roberts and Bykle depression, cardiovascular disease, osteoporosis an
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sexual dysfunctions (Krysiaét al., 2008), in the current
study, we sought to test the hypothesis that DHE#sa
previously reported neuroprotective and cardioviascu
protective dose (250 mg Ky could offer protection

into an active metabolite. Indeed, most effectObiEA
are mediated by one or other of its metabolitesh s 5-
en-androstenf8173 diol for the hormonal effect
(Boccuzziet al., 1994) or 5-en-androsterf;3p,17B triol

against PCM induced nephrotoxicity in rats. To our for the action on the immune system (Padgett anthlo

knowledge, this is the first report on the rendées of
chronic DHEA administration that shows beneficial
effects of DHEA on the nephropathy of this model.

In the current study, concomitant oral adminisierat
of DHEA with PCM ameliorated the nephrotoxic effect
of PCM and resulted in normal levels of BUN, urea,
creatinine and total proteins were seen in thensesti
these intoxicated rats. The improvements in thelteof
these kidney function markers could be attributedhe
glomerular repair. Indeed, Histopathological seawtio

1994). The active compound (i.e., DHEA or one &f it
metabolites) might modify the structure or lipid
composition of the cell membrane. A similar mechani
has been reported for another steroid hormone, i.e.
oestradiol, which induces stable modifications of
lipoproteins making them more resistant to attaghree
radicals (Shwaergt al., 1997). Indeed, DHEA protects
plasma Low Density Lipoprotein (LDL) against lipid
peroxidation and is able to change the fatty acid
composition of the phospholipid membrane of

taken from the kidneys of DHEA treated rats showed yjtochondria in rats(Boccuzet al., 1997).

improvement in the kidney structure that looked @gtn

normal as compared to the corresponding changes se

in the kidneys of PCM intoxicated rats. The
nephroprotective effect of DHEA reported in ourdstis
in agreement to many previous studies which shbwas t
DHEA could offer nephroprotection in various diseas
Richards et al. (2001) reported nephrophroprotective
effect of DHEA against nephropathy in obese rats.
Form the findings of our current study; it seemet th
the nephroprotective effect of DHEA is mainly dwe t
its antioxidant activity. DHEA administration

ameliorated the renal levels of GSH and resulted in

normal activities of both SOD and CAT. Furthermore,
the renal levels of lipid peroxides, MDA, were
significantly reduced in DHEA treated rats as corepa
to PCM intoxicated rats. Our results are in the sam
line with Aragnoet al. (1997; Boccuzziet al., 1997)
who reported that DHEA possesses antioxidant dgtivi
Also, Kumar et al. (2008) have shown that the
protective effects of DHEA in various disease ctindi
are attributed to its antioxidant, anti-lipidperdative,
anti-inflammatory and thereby anti-aging actions.

Also, It has been reported that the natural DHE&S i
€ specific activator of Peroxisome Proliferator-ifated
Receptora (PPARy) (Peterset al., 1996). Activation of
PPARy in vivo causes an upregulation of mRNA and
protein levels of a number of peroxisomal and non-
peroxisomeassociated enzymes and structural psoptein
among them the antioxidant enzymes CAT and Cu,Zn-
superoxide dismutase, as well as mediators of the
glutathione pathway (Devchamtlal., 1996).

5. CONCLUSION

Whatever the mechanism, these results further
confirm the multi-targeted antioxidant propertieé o
DHEA reported in this study is considered one af th
main mechanisms by which this hormone offers a
protection against PCM induced nephrotoxicity in
rats. However, one limitation of our study is tives
didn’t investigate the regulatory effect of DHEA on
gene expression of the antioxidant enzymes. Also, a
inflammation has been implicated to play an essénti

The mechanism underlying the protective effect of role in PCM nephrotoxicity, further studies on the

DHEA against oxygen free radical damage is still
undefined and might implicate DHEA metabolism.
Experiments performed by adding DHEA directly to
either isolated microsomes or lipoproteins failecexert
any protective effect, throwing doubt on whetherB?d
itself acts as a direct antioxidant (Boccuezal. 1997).

In rats, DHEA given ip. 3 h before dextrose
administration protects tissues against lipid petaton
induced by hyperglycaemia, whereas a 1 h pre-treattm
is ineffective (Aragncet al., 1997). Thus, DHEA does
appear to need a ‘lag-phase’ before becoming aatie

it could be speculated that during this time itasverted
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anti-inflammatory effect of DHEA against PCM
induced nephrotoxicity is required.
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