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Abstract: Acitretin is an oral retinoid (Vitamin A- derivative) which widely used to treat severe psoriasis; however it can cause severe damage to the kidneys. The purpose of this study was to find out the effect of acitretin administration on rat kidney and the possible protective effect of curcumin against acitretin –induced nephrotoxicity.  In this study four groups of rats (10 rats each) were used G1: control group. G2: animals received curcumin only (300 mg/kg/day) for three months. G3: animals received acitretin only (25mg/ kg /day) orally for three months. G4: animals received both curcumin the same dose of G 2 and acitretin the same dose of G 3 for three months. At the end of the experimental period the kidney function and markers of oxidative stress were investigated. Moreover, histopathological examination of the renal tissue was carried by light and electron microscopes. The result of the present study showed that the treatment with acitretin resulted in elevation in the levels of serum urea, creatinine, cystatin C and lipocalin in acitretin treated group indicating kidney dysfunction. Furthermore acitretin induced marked alteration in kidney tissue; these included glomerular tuft congestion, tubular degeneration and tissue necrosis. Acitretin administration also resulted in significant decrease in the activity of oxidative stress markers, renal superoxide dismutase (SOD) and reduced glutathione (GSH). However curcumin supplementation to acitretin treated rats resulted in improvement in kidney functions as shown by the significant decrease in serum urea and creatinine as well as cystatin C, and lipocalin.  Furthermore there was significant improvement in the histological picture towards the normal when curcumin is used with acitretin. Moreover, the activity of oxidative stress markers, renal SOD and GSH, were also significantly elevated by curcumin administration when compared to acitretin treated rats. Conclusion the results of the current study showed that curcumin possess a potent protective effect from the oxidative stress induced by acitretin on the kidney.
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1.Introduction
Acitretin, second generation retinoid, is the pharmacologically active metabolite of etretinate. It replaced etretinate in late 1980s because of its more favorable pharmacokinetics profile in treating psoriasis (McNamara et al., 1988). Psoriasis is a chronic inflammatory skin disorder affecting 1-3 % of population. It is associated with impairments in health related quality of life even in mild cases and excess mortality in severe cases (Gelfand et al., 2007 (. Acitretin is approved by the Food and Drug Administration (FDA) for the treatment of severe psoriasis .It is useful as monotherapy and has increased efficacy when used in combination with other topical and systemic therapies, as well as phototherapy. Acitretin has also been used in treatment of severe keratinization disorders and other dermatoses (Blanchet-Bardon et al., 1991)  
There is no safe minimal dose of acitretin for use. Small amounts of acitretin can converted into etretinate which is 50 times more lipophilic and has slower elimination half life (from 80 to 175days) (Saurat,  1999).  Acitretin is rapidly and extensively distributed throughout the body without unexpected accumulation in any tissue. It is extensively bound to plasma proteins (95%) (Nguyen and Wolverton  2001). The metabolism of acitretin occurs mainly in the liver (Pilkigton and Brogden, 1992). After oral administration, acitretin absorption may vary between individuals (from 36 to 95%) and elimination occurs by hepatic and renal paths (Berbis, 2001). The concern about long term toxicity of oral retinoid has developed because many patients may require life - long therapy. Several organs are at risk especially hepatic, skeletal, and cardiovascular even atherosclerosis may develop in many patients who receive long term –retinoid therapy (Vahlquist, 1992). The most serious side effect of acitretin is teratogenicity (Yamauchi et al., 2003).  While, its long-term treatment caused side effects on vital body organs and fetus (Macleod et al., 2001) and may cause hepatitis, nephritis and hepatic histopathological alterations (Berbis, 2001). Another major adverse effect is serum lipid elevation, also ocular, gastrointestinal, musculoskeletal, neurological and hematological disturbances have been reported (Katz et al., 1999). 
The mechanism of acitretin – induced nephrotoxicity is not completely known, however studies have implicated reactive oxygen species (ROS) generation particularly hydroxyl radicals (Bohne et al., 1997).   Also retinoids have the most potent activity on increasing the levels of triglycerides, total cholesterol, LDL cholesterol, and VLDL cholesterol and simultaneously decreasing the HDL fraction (Corbetta et al., 2006). HDL is a very important factor in reverse cholesterol transport (RCT). It takes part in the transport of cholesterol produced or accumulated in the peripheral tissues to the liver or other steroidogenic tissues and exerts the antioxidant, anti-inflammatory, antithrombotic and fibrinolytic action ( Kuliszkiewicz-Janus et al., 2006). 
Plant and plant products are being used as a source of medicine since long. Plants used as food and in traditional medicine are more likely to yield pharmacologically active compounds. The medicinal properties of plants have been investigated in the recent scientific developments throughout the world, due to their potent antioxidant activities (without side effects) and for their economic viability.
 Curcumin is a major yellow pigment in turmeric ground rhizome of Curcuma longa which is used widely as a spice and colouring agent in several foods such as curry, mustard and potato chips as well as in cosmetics and drugs (Okada et al.,  2001). Curcumin represents a class of anti-inflammatory and antioxidants reported to be a scavenger of formed ROS (Biswas et al., 2005). Curcumin exhibited antioxidant activity in a renal cell line (Cohly et al.,  1998).
So in this study curcumin is used as a protective against the effect of acitretin in the kidney. It has been shown to exhibit a variety of biological activities including antioxidative activity (Wei et al., 2006, Kumar et al., 2007) anti-inflammatory (Jacob et al.,  2007), anticancer, antimicrobial (Goel et al., 2008), hepatoprotective (Farombi et al.,  2008) and antihyperlipidemic effects (Arafa, 2005). Additionally thrombosis suppressing effect (Srivastava et al., 1989), hypoglycemic (Arun and Nalini 2002), antirheumatic effects (Deodhar et al., 1980) are well established. Various animal models (Shankar et al., 1980 and Qureshi et al., 1992) or human studies (Shoba et al., 1998 and Lao et al., 2.2006) proved that curcumin is extremely safe even at very high doses. The present study was undertaken to test if administration of curcumin could protect rats from acitretin –induced nephrotoxicity. 

2. Materials and Methods
Animals:
Male albino rats weighting 150-200g were obtained from Theodor Bilharz-Institute (Giza, Egypt). The animals were housed in the animal facility of the Faculty of Medicine For Girls, Al-Azhar University. The animals were fed a standard diet (El-Nasr Company, Abou-Zaabal, Cairo, Egypt) and allowed free access to water. The rats were kept under standard conditions of temperature (21±0.5º) and relative humidity (55±5) with 12-h light/12-h dark cycle
Drugs and chemicals:
Acitretin was purchased from Sabaa international company for pharmaceutical and chemical industries (Egypt). Curcumin was purchased from Fluka Chemical CO. (GmbH, Steinhem, Germany). 
Experimental design:
Animals were divided into four equal groups, 10 rats /each: Group 1: control rats, they were orally given distilled water during the period of the experiment. Group 2: animals received only curcumin single morning daily dose of (300 mg/kg/day) according to (Bruck et al., 2007) for three months. Group 3: animals received only acitretin a single morning daily dose of (25mg/ kg /day) single oral dose according to (Goodman and Gilmans, 2006) for three months. Group 4: animals received both curcumin as the same dose as group 2 and acitretin as the same dose of group 3 for three months. 
At the end of the experiment blood samples were collected from 12-14 hours fasting rats, from retro-orbital sinus by capillary tubes under light ether anesthesia. The collected blood was centrifuged then sera were separated and stored at -20°C until the time of use. Then, all studied animals were sacrificed; the two kidneys of each rat were excised, one kidney for estimation of oxidative stress markers and light microscope and the other one prepared for transmission electron microscopic study.
Renal homogenate preparation:
The left kidney was perfused in ice-cold saline (0.9 sodium chloride) and then homogenized in potassium chloride (1.17%) to make 10% homogenate after which the homogenates were centrifuged at 2000 rpm for 5 minutes at 4°c. The supernatant obtained was centrifuged at 12,000 rpm for 20 minutes at 4°c to get the postmitochondrial supernatant. This supernatant was stored at -80°c until the time of use (Tirkey et al., 2005).
Histopathological preparation for light microscopic examination: 
 At the end of the experiment the animals were anaesthetized by ether inhalation and the abdomen was opened to expose the kidneys both kidneys were collected from all groups. The kidneys were halved sagittaly and preserved in 10% neutral buffered formalin (Kiernan, 2001) then dehydrated in alcohols, cleared in benzene and embedded in paraffin wax, 5 microns thick sections were cut stained with hematoxylin and eosin (H&E) stains for light microscopic examination  (Bancroft and Stevens, 1996)
 Preparation for Transmission Electron Microscopy (TEM):
For electron microscopy (EM), very small cortical parts of both kidneys were taken from all animal groups. The samples were fixed in 3% glutaraldehyde in phosphate buffer for 24 hours, washed in phosphate buffer for 20 minutes (3 changes) then a second fixation was performed in 1% buffered osmium tetraoxide for 1.5 hours. Specimens were washed again in phosphate buffer dehydrated in ascending grades of alcohol and embedded in pure fresh resin. Ultrathin sections (80-90nm) were cut on Leica ultramicrotome, stained with uranyl acetate and lead citrate and examined by Joel jem transmission electron microscope in the Regional center for Mycology and Biotechnology (RCMB)- Al-Azhar University.  
Biochemical analysis
1- Serum urea and creatinine:
Serum urea and creatinine were estimated spectrophtometrically, at 520nm, by Quanti ChromTM Assay Kits (DIUR-500) supplied by Biodiagnostic (Jung et al., 1975 and Jaffe et al.,  1980).
2- Serum cystatin C:
Serum levels of Cystatin C were quantitated with Enzo Cystatin C ELISA kits (Haves-Zburof, 2011). Standards, quality controls and samples are incubated in microplate wells pre‐coated with polyclonal anti‐rat cystatin C antibody. After incubation and washing, biotin labeled polyclonal anti‐rat cystatin antibody is added and after another washing, streptavidin‐HRP conjugate is also added. After incubation and the last washing step, the remaining conjugate is allowed to react with the substrate solution and the reaction is stopped by addition of acidic solution. The absorbance of the resulting yellow product is measured which is proportional to the concentration of cystatin C.
 3- Serum lipocalin:
Immunoassay kit allows for the in vitro quantitative determination of lipocalin concentrations in serum from Sigma (Bolignano et al., 2008). The microtiter plate provided in the kit has been precoated with an antibody specific to NGAL. Standards or samples are then added to the appropriate microtiter plate wells with a biotin-conjugated polyclonal antibody preparation specific for NGAL and avidin conjugated to Horseradish peroxidase is added to each microplate well and incubated. Then TMB substrate solution is added to each well. Only those wells that contain NGAL, biotin-conjugated antibody and enzyme conjugated avidin will exhibit a change in colour. The colour change is measured spectrophotometrically at a wave length of 450 nm ± 2 nm. 
4-Biochemical estimation of markers of oxidative stress:
Renal SOD was determined according to Mark - Lund (1985) method through inhibition of pyrogallol auto-oxidation by cytosolic fraction that contains SOD. The protein present in the cytosolic fraction used for final calculation of renal SOD and is determined by Lowry et al. (1951) method.
Renal GSH was determined by estimating free-SH groups, using 5-5′ dithiobis 2-nitrobenzoic acid (DTNB) method of Sedlak and Lindsay (1968). 10% tissue homogenate was made in 0.02 M EDTA for estimation of GSH level.   
Statistical analysis:
Quantitative data were expressed by mean and standard deviation (S.D.) of mean. Student's ''T-test'' was done for quantitative data of 2 independent samples. The level of significance was taken at P value of < 0.05.

3. Results:
1-light microscopic findings: 
Light microscopic examination of the kidney of the control albino rat and curcumin treated rat revealed a normal corpuscular and tubular histological structure (Figures 1 &2). The normal renal corpuscle consisted of glomerulus (capillary tuft) and Bowman’s capsule. The glomerulus was a globular network of densely packed anastmosing capillaries. The numerous nuclei in the glomerulus were those of the capillary endothelial cells, mesangial cells and podocytes which can be identified by EM. The Bowman’s capsule was formed of the parietal layer characterized by its flat nuclei of the squamous cells lining it, while the visceral layer was closely applied to the glomerular capillaries. The Bowman’s space (glomerular space) was the space between the parietal layer and the glomerular tuft (Figures 1&2). The proximal convoluted tubules (PCT) appeared rounded, and were lined by a single layer of short columnar cells with spherical nuclei. The free ends of these cells had well-developed brush borders that almost fill most of the lumen (Figures 1&2).The distal convoluted tubules (DCT) were lined with simple cuboidal epithelial cells with centrally located nuclei. The lumen of distal convoluted tubule was wider with more defined lumen (Figures 1&2). 
In acitretin- treated rats, degenerative changes were markedly apparent within the renal corpuscles, proximal tubules and distal tubules (Figure 3). The renal corpuscles showed dilated capsular space with condensed irregular glomerular capillary tuft probably due to their congestion.  Tubular affection was more evident, some proximal tubules can identified however the remaining convoluted tubules not identified either proximal or distal due to luminal dilatation with shedding of its lining cells in the dilated lumen with loss of brush border. Also there was decrease in the height of its epithelial cell lining with vacuolated cytoplasm and pyknotic nuclei. Vascular congestion and focal hemorrhagic areas were noticed within the renal cortex as well (Figure3). 
In the combined acitretin and curcumin treated rats, the renal corpuscle, proximal and distal tubules were nearly similar to the control group except slight presence of vacuolated tubular epithelial lining in some tubules with some congestion (Figure 4).


	
	
	

	Figure-1 Light photomicrograph of the kidney of control rat shows the normal structure of the glomerulus (G), glomerular space (GS), proximal convoluted tubule (P) and distal convoluted tubule (D). (H&EX200)
	
	Figure-2 Light photomicrograph of the kidney of curcumin - treated rat shows the normal structure of the glomerulus (G), glomerular space (GS), proximal convoluted tubule (P) and distal convoluted tubule (D). (H&EX200)


	
	
	

	Figure-3 Light photomicrograph of the kidney of acitretin -treated rat shows wide glomerular space (GS) proximal convoluted tubule (P). Luminal dilatation with shedding of lining cells (L arrow).Vacuolated tubular epithelial lining (arrow) and areas of hemorrhage (Hg).  (H&EX200).
	
	Figure-4 Light photomicrograph of the kidney of combined acitretin -curcumin -treated rat shows the normal structure of the glomerulus (G), glomerular space (GS), proximal convoluted tubule (P) and distal convoluted tubule (D). Notice presence of vacuolated tubular epithelial lining (arrows).   (H&EX200)




2-Electron microscopy findings:
 Examination of ultrathin section of the kidney of control group revealed the usual component of glomeruli which is formed of anastmosing capillary loops. The glomerular capillary wall formed of endothelial inner layer, thin glomerular basement membrane and an outer layer of large podocytes (Figure 5). The podocyte has a large nucleus, abundant cytoplasm, thick primary cytoplasmic processes and many secondary foot processes rests on the glomerular basement membrane of the capillary loop.  The lumen of the capillary loop may contain RBCs (red blood cells). The glomerular basement membrane is uniform in thickness. Fenestrations were seen between the foot processes (Figure 6). In between the loops the mesangial cells were seen. These mesangial cells were characterized by darkly-stained nuclei surrounded by little electron-dense cytoplasm (Figure 5). 


	
	

	Figure-5 Electron photomicrograph of the kidney of control rat shows part of capillary lumen (CL) containing red blood cell (RBC), Mesangial cell (M), Podocyte (P) and its primary processes (pp). (TEM.MagX8000).
	Figure-6 Higher magnification of the part of the previous figure shows basement membrane (m), fenestrations (arrows) and foot processes (F). (TEM.MagX30000).




Acitretin-treated rats revealed dilation and congestion of the glomerular capillary lumen with thickening of the basement membrane. The nucleus of the podocyte appeared irregular with dark nuclear condensation adjacent to the nuclear envelop in addition to the fusion of the secondary foot processes of the podocytes in (Figure 7& 8).  Multiple electron lucent vacuoles of different sizes, shape were seen within and in-between the podocytes.


	
	

	Figure-7 Electron photomicrograph of the kidney acitretin - treated rat shows part of congested capillary lumen (CL) Mesangial cell (M), Podocy te (P) and its primary processes (pp) and electron lucent vacuoles (V arrows) (TEM. Mag X8000).
	Figure-8 Higher magnification of the part of the previous figure shows thickned basement membrane (m) with fusion of foot processes. (TEM. Mag X20000).    




In combined acitretin and curcumin treated rats, showed improvement in the structure of podocytes, regular distribution of the secondary foot processes of podocytes which rests on uniform capillary basement membrane with almost normal capillary lumen were noticed in the renal corpuscle (Figures 9 &10).
The ultrastructure of the P.C.T cells in control rats appeared with normal structure, having a brush border of numerous microvilli projecting within the tubular lumen and intense cytoplasm due to high content of organelles. The nucleus is spherical, euchromatic, surrounded by numerous  mitochondria and apical vacuoles  (Figure 11).

	
	

	Figure-9 Electron photomicrograph of the kidney  combined acitretin – curcumin treated rat shows part of normal capillary lumen (CL) containing red blood cell (RBC),  Mesangial cell (M), Podocyte (P) and its primary processes (pp) (TEM. Mag X6000). 
	Figure-10 Higher magnification of the part of the previous figure shows basement membrane (m), primary processes (pp) of podocyte, foot processes (F) fenestration (arrows) (TEM. Mag X15000).




P.C.T in acitretin -treated rats showed focal lesions of necrotic tubular cells. The boundaries between epithelial cells of the proximal tubule wall were blurred. Some cells were flattened, with reduced volume, partially, or completely destroyed. The tubular lumen was widened. The brush border in the proximal tubules was focally destroyed. The mitochondria showed abnormal structure. They were edematous with brightened matrix. The cells had only a nucleus and only few organelles, and brightened structure of the cytoplasm. The nucleus of damaged cells was most commonly located in one of the cell poles; its shape was changed and markedly smaller than the nuclei of normal cells. Condensation and peripherally located chromatin were observed (Figure 12). 


	
	

	Figure-11 Electron photomicrograph of part of proximal convoluted tubule of control albino rat. The cell has large spherical nucleus (N) with central nucleolus (n). The cytoplasm containing many mitochondria (M), apical vacuoles (V arrows) and numerous microvilli (Mv) at the luminal side (TEM. Mag X5000).
	Figure-12 Electron photomicrograph of part of proximal convoluted tubule of acitretin -treated rat    the cell has irregular small sized nuclei (N) with irregular nucleolus (n) short microvilli (Mv). (TEM. Mag X 8000).






Figure-13 Electron photomicrograph of part of proximal convoluted tubule of combined acitretin-curcumin treated rat shows part of proximal convoluted tubule shows the cell has nuclei (N) nucleolus (n)  long microvilli (Mv) and mitochondria (M)  apical vacuoles (v).   (TEM. Mag X 6000).

P.C.T in combined acitretin- curcumin treated rats, the proximal tubular cells revealed marked amelioration compared to those of acitretin group .The nucleus appeared spherical with normal pattern of chromatin distribution, numerous elongated mitochondria, a few apical vacuoles and long microvilli (Figure 13).
D.C.T of the control rats revealed regular basement membrane, sharp luminal outline and wide lumen few microvilli. Moreover, numerous, elongated and round-shaped mitochondria were seen within their cytoplasm. The cells showed spherical basal nuclei with a central or peripheral electron-dense nucleoli  (Figure 14).


	

	

	Figure-14 Electron photomicrograph of part of DCT of control albino rat shows wide lumen (L) the cells has large oval nucleus (N), many mitochondria (M). (TEM. Mag X5000).
	Figure-15 Electron photomicrograph of part of DCT of Acitretin treated rat shows irrgular narrow lumen (L) The cells has irrgular nucleus (N) and nucleolus   (TEM. Mag X6000).





Figure-16 Electron photomicrograph of part of D.C.T of combined Acitretin- curcumin treated rat shows regular nucleus (N) nucleolus (n) and wide lumen (L) (TEM. Mag X5000).

D.C.T in acitretin-treated rats, the cells was disorganized, disintegrated. The cytoplasmic organelles cannot be identified with irregular shaped nuclei, nucleolus with condensation and peripherally located chromatin with loss of luminal outlines (Figure 15).
D.C.T cells of combined acitretin and curcumin -treated rats showed regular shaped cells with spherical  nucleus with central or peripherally located nucleolus with wide lumen with regular luminal out lines (Figure 16). In spite of these signs of improvement cytoplasmic organelles still not identified.
4- Evaluation of Biochemical Results:
1-The Urea and creatinine levels:
Administration of daily acitretin for three months resulted in deterioration of renal functions as manifested by the significant elevation in serum urea and creatinine as well as the marker of glomerular functions, cystatin C, and the marker of tubular functions, lipocalin, when compared to normal (Table 1).	
2-Results of the oxidative stress markers:
Acitretin administration also resulted in significant decreases in the activity of oxidative stress markers, renal SOD and GSH, when compared to normal levels (Table 1).
Interestingly, daily curcumin supplementation to acitretin treated rats resulted in improvement in kidney functions as shown by the significant decrease in serum urea and creatinine as well as the marker of glomerular functions, cystatin C, and the marker of tubular functions, lipocalin, when compared to acitretin treated rats. Moreover, the activity of oxidative stress markers, renal SOD and GSH, were also singnificantly elevated when compared to acitretin treated rats. Even cystatin C can reach to normal levels from all the above parameters by curcumin supplementation (Table 1).



Table (1): Effect of curcumin administration on some kidney parameters in acitretin treated rats.
	          Groups

Parameters
	Control 
Group (I) 
Mean ± 
S.D.
	Curcumin Group (II)
	Acitretin Group (III)
	Acitretin + curcumin treated Group (IV)

	
	
	Mean ± S.D.
	P- value 
Vs control
	Mean ± S.D.
	P- value 
Vs control
	Mean ± S.D.
	P- value Vs 
Acetretin G.
	P- value
Vs control

	Serum urea (mg/dl)
	45.6± 4.7
	48.9±3.8
	P˃0.05
	87.1± 6.1 a
	P˂0.05
	58.9 ±1.7 a,b
	P˂0.05
	P˂0.05

	Serum creatinine (mg/dl)
	0.1± 0.01
	0.15±0.01
	P˃0.05
	0.7 ± 0.1 a
	P˂0.05
	0.23 ±0.05 a,b
	P˂0.05
	P˂0.05

	Serum lipocalin (ng/ml)
	23.7± 2.2
	26.4±1.9
	P˃0.05
	113.9 ±4.5 a
	P˂0.05
	57.9 ±6.8 a,b
	P˂0.05
	P˂0.05

	Serum Cystatin C (mg/l)
	0.41± 0.08
	0.48±0.5
	P˃0.05
	0.96 ±0.14 a
	P˂0.05
	0.39 ±0.09 b
	P˂0.05
	P˃0.05

	Tissue SOD (u/mg ptn.)
	1.6± 0.3
	1.8±0.02
	P˃0.05
	0.3 ±0.06 a
	P˂0.05
	0.86 ±0.04 a,b
	P˂0.05
	P˂0.05

	Tissue GSH (nmol/mg)
	47.8± 2.7
	50.2±4.1
	P˃0.05
	24.8 ± 3.2 a
	P˂0.05
	38.2 ±1.9 a,b
	P˂0.05
	P˂0.05


a: significant values vs..control                                                                    b:significant values vs. acitretin



4. Discussion:
Many compounds, including clinically useful drugs, can cause cellular damage after metabolic activation to highly reactive compounds. Acitretin is a vitamin A derivative, is the only systemic retionid that is FDA –approved therapy for treatment of psoriasis. But it is also cost effective treatment option for keratinization disorders and the prevention of cutaneous malignancies (Magis et al., 2000).The mechanism of acitretin nephrotoxicity is still under analysis. This work was conducted to study the effect of acitretin on renal cortical tissue in albino rat by both light and electron microscopy. 
In the present work by light microscopy the renal corpuscles was affected markedly by acitretin treatment. They lost their normal circular appearance with relatively wide glomerular space. Moreover, by the electron microscopic examination revealed changes that observed in the glomeruli as disturbance of podocyte architecture resulting in fusion of foot processes. This finding was explained by Pavenstädt et al. (2003) who reported that foot processes of podocyte with filtration slits in between play a major rule in selective permeability of glomeruli, injury to podocytes resulting in retraction of foot processes leading to proteinuria. Katz et al. (1999) mentioned that proteinuria is evident urinary side effect in patient under acitretin treatment.
In this study vacuolation seen within and in-between the podocytes  most probably lipid vacuoles. Vahlquist  et al. (1988) reported that, hypercholesterolemia and hyperlipidemia associated with elevated very low density lipoproteins and parallel decrease in high density lipoproteins were a major side effects of patients under acitretin use. Similar vacuolation were reported by as small and large lipid vacuolization in intracapillary lumina and mesangial cells were seen in cholesterol fed rats (Gonca et al., 2000).  
 In this work acitretin induced significant degree of damage on the architecture of tubular epithelium such as widening of lumen, focal destruction of brush border of proximal convoluted tubules, cell swelling, and cytoplasm lysis with loss of most of the cytoplasmic electron density, mitochondrial swelling, irregular shaped nuclei and chromatin. These results were similar to changes present in tubular necrosis induced by different toxins as reported by (Racusen et al., 1991). Moreover this finding were in agreement with Gupta et al. (1989) who find that acitretin is a cytotoxic drug produced interstitial nephritis is manifested by increase urea, creatinine, uric acid elevation , acetonuria and hematuria. Furthermore several factors may play a role in acitretin tubular injury such as decrease in glomerular capillary permeability leading to back leaking of glomerular filtrate through tubular wall (Alden and Frith, 1992). Damage to the brush border of the proximal tubules could have been as a result of toxin binding to the brush border leading to back leakage of alkaline phosphatase into urine this enzyme is associated with damage of the brush border of the renal tubules and the urinary concentration of alkaline phosphatase used as early marker of toxic tubular insult (Porter, 1994). Acitretin causes elevation in alkaline phosphatase as reported by (Pearce et al., 2006). Swelling of the mitochondria observed in this study could have been as a result of inhibited mitochondrial respiration. Many of the common nephrotoxic substances appeared to act by means of alteration in the renal perfusion (Rosen et al., 1994). Pathological changes in mitochondria as swollen are indications of cellular damage leading to less functional efficacy (Robbins, 1995).
This histological view was confirmed by serum and tissue studies. The light and electron microscopic examination can explain the manifested impairment in renal functions after acitretin treatment. The observed degeneration of the glomeruli, thickening of the basement membrane and the vacuoles around podocytes in acitretin treated rats could decrease the glomerular filtration rate and cause retention of toxins in the circulation and hence elevation of serum urea and creatinine (Marieb, 2006).
The altered glomerular filtration rate also detected by the elevated serum cystatin C as it is an early marker of kidney affection than ordinary markers (e.g. creatinine) and can detect mild to moderate kidney affection.  Cystatin C is one of the major protectors of the intact glomerular basement membrane from damage by cysteine proteinases. It is isolated from urine in cases of tubular dysfunction while its serum level is increased in cases of impaired glomerular filtration rate (Parikh and Devarajan, 2008).
The manifested tubular necrosis and inflammation observed after acitretin treatment (which resembles that induced by many nephrotoxic drugs) was in consistence with the resulted high levels of serum lipocalin. Lipocalin was recently identified as one of the earliest and most robustly induced proteins in the kidney after toxic kidney injury in both animals and human and can be easily detected in blood and urine (Devarajan , 2006). Neutrophil gelatinase-associated lipocalin (NGAL) is highly accumulated in the human kidney cortical tubules, blood and urine after renal injury and it can display a greater than 10 fold increase in plasma and a greater than 100 fold increase in urine compared to the doubling of serum creatinine in less than 5 days of the insult. Thus, NAGL might represent an early, sensitive and non invasive biomarker for acute renal injury (Mori et al., 2005).
The apparent deterioration in renal functions by acitretin in this study could be attributed to oxidative stress. This opinion was suggested also by Silva et al. (2013) who reported that mitochondrial dysfunctions may play an important role in cellular injury and apoptosis induced by this acitretin. This was explained by the impaired mitochondrial phosphorylation efficiency as demonstrated by the decrease in the state 3 respiration and ATP levels. This was confirmed by the observed swelling of mitochondria which could be a manifestation of mitochondrial functions impairment, as mitochondria are the main sites for antioxidant enzymes (Arslantas, 2002). This was in line with the resulted low levels of oxidative stress markers, renal SOD and GSH. 
One of the major adverse effects of acitretin is nephrotoxicity which is the major complication of its administration. Thus amelioration of nephrotoxicity would enhance its clinical use. On other hand, little or no attention has been paid on using of naturally occurring substances with potent antioxidant properties to protect against nephrotoxic damage induced by acitretin. In the light of this, we have explored the possible protective role of curcumin, a natural antioxidant substance on nephrotoxic damage induced by acitretin. In this study combined administration of curcumin with acitretin resulted in marked improvement of the biochemical and the histopathological picture towards normal.
Fortunately, curcumin supplementation to acitretin treated rats resulted in alleviation of kidney injury as showed by the significant reduction in serum urea and creatinine as well as lipocalin and cystatin C if compared to acitretin treated rats. Also, the significant elevation in oxidative stress markers, SOD and GSH in the current study is an indicator for the attributed role of curcumin as antioxidant factor. 
Curcumin treatment significantly improved the levels of urea and creatinine. Earlier studies have also shown that curcumin treatment decreased serum creatinine and urea concentrations in cyclosporine induced renal injury in rats in dose dependent manner (Tirkey et al., 2005). This effect may be related to the antioxidant properties of curcumin since it has been found that ROS may be involved in the impairment of glomerular filtration rate (Farombi and Ekor, 2006).
In this study it is evidenced elevation in the activities of SOD and GSH in the kidney tissue by curcumin. These results were in agreement with earlier findings of Zhou et al. (2011) who reported that  curcumin is suggested to have anticancer, antiviral, antioxidant and anti-inflammatory properties. The underlying mechanisms of these effects are diverse and appear to involve the regulation of various molecular targets, including transcription factors (e.g. nuclear factor-κB), growth factors (such as vascular endothelial cell growth factor), inflammatory cytokines (e.g. tumor necrosis factor, interleukin 1 and interleukin 6) and other enzymes (e.g. cyclooxygenase 2 and 5 lipoxygenase).
Similar results were reported by Zhang et al. (2014) who described a significant decrease in reactive oxygen species concentration, lower mitochondrial malondialdehyde (MDA)   concentration and higher mitochondrial membrane potential in curcumin treated group. These results suggested that curcumin protects cellular damage by the enhancing antioxidant defense system, attenuating mitochondrial dysfunction and inhibiting apoptosis.
The results of the current study go in hand with Zeng et al. (2014) results that described a significant increase in the activity of SOD, GSH-Px and decrease in the content of MDA indicating that Curcumin can improve the antioxidant activity.  
In this research administration of curcumin combined with acitretin resulted in significant improvement of histopathological changes induced by acitretin.  The mesangial cells, podocyte foot processes, glomerular basement membrane were nearly similar to the control .In addition the cytolysis in proximal and distal convoluted tubules showed some improvement. This improvement explained by Cohly et al. (1998) who stated that curcumin offer a promise as therapeutic agent against renal cell injury because  plasma cellular membranes are rich in lipid so it the target for cell injury by lipid peroxidation inducing cytolysis, curcumin inhibit lipid peroxidation at the plasma membrane level preventing cytolysis.   
This is supported by the data from the current study and the findings Venkatesan et al.  (2000) who found that curcumin treatment influences the integrity of glomerular basement membrane and retard the abnormal passage of high molecular weight macromolecules from blood to urinary space and suppress lipid peroxidation in kidney mitochondria thus prevent mitochondrial damage. In addition curcumin had potent anti-inflammatory and membrane stabilizing properties and thus prevent heavy proteinuria induced by damage of tubular epithelial cells.
 The histological finding in this study showed that congestion and hemorrhage was greatly improved by curcumin this finding is supported by the work of Bayrak et al. (2008) who found that on histological examination, the rats treated with curcumin had nearly normal morphology of the kidney following ischemia reperfusion injury. In addition curcumin significantly ameliorate the rise in the serum level of urea in rat kidney via its antioxidant effect. Also Ghosh et al. (2009) in their experiment in which removal of 5/6 of the renal mass associated with proteinuria, hypertension, arteriolopathy, glomerulosclerosis, hemorrhage and inflammation. After curcumin administration all systemic and glomerular alteration are attenuated. The protective mechanism achieved by curcumin due to the increase in the antioxidant enzymes and decreases the oxidative stress. Shoskes (1998) examined the effect of curcumin on in ischemic renal injury produced in rats, pretreatment with curcumin resulted in preservation of histological integrity, with a decrease in tubular damage and interstitial inflammation and reversal of changes in creatinine levels. 
In spite of improvement induced by curcumin use in this study is evident in  the tubules either proximal or distal ,some cellular organelles were still affected which could be explained by, in this study the combined use of curcumin with acitretin is not protective enough if compared with the pretreatment with curcumin in the study of  Surawat et al. (2009)   who found degenerative changes and tubular necrosis in mice treated with cisplatin, which were improved by pretreatment with curcumin. They explained that curcumin has a direct cytoprotective, antiapoptotic effects. In addition cisplatin raised urea, creatinine, and kidney lipid peroxidation levels. All these parameters could be restored to normal values by pretreatment with curcumin. They suggested that the curcumin exhibits effective protection against cisplatin-induced nephrotoxicity mediated through direct anti-inflammatory and strong antioxidant activity. 
In this experiment curcumin improve the cytotoxic effect induced by acitretin similar to the results of  Farombi and Ekor (2006) found that curcumin treatment significantly attenuated gentamycin induced nephropathy and tubular necrosis and also decrease proteinuria, serum urea and creatinine urinary protein, glucose. This protective effect might be related to antioxidant properties of curcumin and the ability of curcumin to neutralize the increase in the free radicals cause by gentamycin. In another study in which curcumin decreased the tubular damage, attenuate renal inflammation, decreased serum creatinine and inhibited apoptosis after ureteral obstruction via its antioxidant effects (Shahed et al., 2001). In the present study the protective effect of curcumin on the kidney was supported by the work of (Greggi et al., 2001; Kuhad et al., 2007) demonstrated cisplatin-induced experimental nephrotoxicity, which assessed by measuring serum creatinine, blood urea nitrogen, creatinine, urea clearance, and serum nitrite levels. 
In the present study curcumin reduced vacuolation induced by acitretin which were most probably lipid vacuoles this may be due to the hypolipidemic activity of curcumin. These results were in harmony with Babu and Srinivasan (1995) who showed that curcumin improves the metabolic status in diabetic conditions. The mechanism by which curcumin improves this situation is through hypolipidemic, hypocholesterolemic, hypoglycemic action, antioxidant nature, and free-radical scavenging property.  In addition Babu and Srinivasan (1997) explained that curcumin exhibits hypolipidemic activity in rats with streptozotocin -induced diabetes. The decrease in cholesterol level was due exclusively to the decrease in low density lipoproteins (LDL)-very LDL (VLDL) fraction. A significant decrease in blood triglyceride and phospholipids was also brought about by dietary curcumin in diabetic rats. 
The mechanism of hypocholesterolemic induced by curcumin may be due to that curcumin increases rate of cholesterol catabolism in the liver in these animals. Moreover  curcumin caused a significant reduction in the blood glucose levels and a significant increase in the plasma insulin levels in diabetic rats and a significant reduction in serum and liver cholesterol, triglycerides, free fatty acids, phospholipids, VLDL, and LDL cholesterol levels. The decreased serum high-density lipoprotein (HDL) cholesterol in diabetic rats was also reversed toward normalization after the treatment (Murugan and Pari, 2006). In these studies administration of curcumin to acitretin- treated rats was found to ameliorate the renal toxicity. 

Conclusion
 Results of the present study suggests that combined administration of curcumin attenuated the development of acitretin- nephrotoxicity by mechanisms related to its ability to decrease lipid peroxidation and potentiating the antioxidant defense system. In addition, its renoprotective effects were also attributed to its anti-inflammatory and   hypolipidemic efficacies
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