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ABSTRACT 

The use of atypical antipsychotic drugs (APD) was reported to be associated with adverse 

effects on the kidneys. Thus the aim of this study was to examine whether APD exerted their 

adverse effects by interfering with the renal antioxidant defence system. Male 3-month-old 

Wistar rats were treated for 28 days with ziprasidone (ZIP), clozapine (CLO) or sertindole (SER) 

using a daily dose recommended for antipyschotic therapy. The expression and activities of 

antioxidant enzymes superoxide dismutase (SOD) type 1 and 2, catalase (CAT), glutathione 

reductase (GR) as well as glutathione-S-transferases (GST) activity were measured in the 

kidneys. Changes in the kidneys were also evaluated histologically. Ziprasidone, CLO and SER 

reduced renal SOD type 1 and 2 activities. Decreased CAT activity was observed only in SER-

treated rats. An inhibition in GR activity and increased activity of GST was found only after 

treatment with CLO. Histological analysis showed dilatation of proximal tubules in kidneys with 

all 3 drugs. In conclusion, data indicate that redox disturbances may contribute to renal 

morphologic alterations in proximal tubules in rats treated with all APD.  

KEY WORDS: Ziprasidone, Clozapine, Sertindole, antioxidative enzymes, kidney. 

ABBREVIATIONS: APD, Atypical antipsychotic drugs; CAT, Catalase; GSH, Gluthatione; 

GPx, Glutathione peroxidase; GR, Glutathione reductase; GSTs, glutathione-S-transferases; 

ROS, reactive oxygen species; SOD 1, Copper-zinc superoxide dismutase; SOD 2, Manganese 

superoxide dismutase. 
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INTRODUCTION 

Millions of patients worldwide are prescribed atypical antipsychotic drugs (APD) 

annually. To date APD were found to be effective in the treatment of schizophrenia. The benefits 

of APD medication in treating acute psychotic episodes are widely accepted and documented 

(Baldessarini et al., 1988; Davis et al., 1993). In recent times APD have increasingly been used 

to treat non-psychotic disorders, from acute mania to treatment-resistant depression and dementia 

(Fineberg et al., 2006). However, there are safety concerns about the use of these drugs due to an 

increasing number of reports regarding their side effects.  

Acute kidney injury (defined as sudden loss of kidney function) as a consequence of 

taking APD was noted in several case reports (Fraser and Jibani, 2000; Parekh et al., 2014; 

Moledina and Perazella, 2015) but adverse renal events are poorly characterized. There have 

been several single case reports of acute renal failure (ARF) attributed to interstitial nephritis 

which developed in patients with treatment-resistant chronic schizophrenia following initiation 

of treatment with clozapine (CLO) (Hunter et al., 2009; Au et al., 2004; Southall and Fernando, 

2000; Elias et al., 1999). 

Evidence suggests that APD effects are associated with increased oxidative stress 

originating from damaged mitochondria (Baig et al., 2010; Zhang et al., 2006). As kidney 

mitochondrial dysfunction plays an important role in the pathogenesis of renal diseases (Che et 

al., 2014), the aim of this study was to determine whether 28-day daily administration of APD 

promoted oxidative stress and damage in kidneys.  
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MATERIALS AND METHODS  

Materials  

Ziprasidone (Zeldox) (ZIP) was provided by Pfizer (Vienna, Austria), Clozapine (CLO) 

was provided by Alvogen (Remedica Ltd, CITY, Cyprus) and Sertindole (Serdolect) (SER) was 

obtained from H. Lundbeck (Valby, Denmark). Copper-zinc superoxide dismutase (SOD1), 

manganese superoxide dismutase (SOD2), glutathione reductase (GR), and glutathione 

peroxidase (GPx) levels were detected using antibodies from Abcam (ab13489, ab13533, 

ab16801 and ab22604, respectively), CAT using an antibody from Abgent (AP8623-c) and β-

actin using an antibody from Sigma (AC-15). Polyvinylidenedifluoride (PVDF) membrane, 

enhanced chemifluorescent (ECF) Western blotting reagent pack, containing anti-mouse 

(IgG+IgM) and anti-rabbit IgG alkaline phosphatase linked whole antibodies, and the alkaline 

phosphatase substrate were obtained from Amersham Pharmacia Biotech, UK. All other 

chemicals were purchased from Sigma.  

Animals and drug treatment 

Thirty-two adult male Wistar albino rats (three months old, weighing 300-350g) were 

randomly divided into 4 experimental groups with 8 rats/group. Animals were provided with 

standard chow and drinking water ad libitum. The procedures complied with directive 

2010/63/EU regarding protection of animals used for experimental and other scientific purposes. 

The study was approved by the Ethical Committee (decision No. 3-10/13) for the use of lab 

animals at the Institute for Biological Research “Siniša Stanković”, University of Belgrade. Rats 

were kept under standard conditions at 22°C with a 12-hr light/dark cycle.  

All drugs were prepared (water suspension of pulverized tablets) and administered daily 

in the morning via a gastric tube to ensure that no drug loss occurred. Rats were dosed according 
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to the drug calculation formula (Shanon et al., 2007). Rats were exposed daily to: water 

(control), ZIP (20 mg/kg/day), CLO (45 mg/kg/day) or SER (2.5 mg/kg/day) for 4 weeks. 

Tissue collection 

After 28 days following overnight fasting rats were sacrificed by decapitation. The right 

kidneys were immediately excised, frozen in liquid nitrogen and kept at -80oC until further 

analysis. The left kidney was excised, fixed in 4% paraformaldehyde solution for 24hr, 

dehydrated using increasing concentrations of ethanol and xylene and used for histopathological 

examination. After embedding in Histowax (Histolaboduct AB, Göteborg, Sweden), each tissue 

block was sectioned at 5 µm thickness on a rotary microtome (RM2125 RT Leica Microsystems, 

Wetzlar, Germany). 

Tissue preparation and determination of antioxidant enzyme activities 

For preparation of whole tissue extracts the right kidney was homogenized in 10 volumes 

(wt/vol) of 50 mM Tris-HCl, 0.25 M sucrose, 1 mM EDTA, pH 7.4 and sonicated 3×10 sec at 10 

MHz (Sonopuls, Bandelin) on ice followed by 60 min of centrifugation at 4°C and 105,000xg 

(Beckman L7-55 Ultracentrifuge). The supernatants were used as whole tissue extracts.  

Total SOD activity was determined by the adrenaline method (Misra and Fridovich, 

1972). One SOD unit was defined as the amount of the enzyme necessary to decrease the rate of 

adrenaline auto-oxidation by 50% at pH 10.2. For determination of SOD2 activity, the assay was 

performed after pre-incubation with 8 mM potassium cyanide. SOD1 activity was calculated as 

difference between total SOD and SOD2 activities. CAT activity was determined according to 

Beutler (1982). One unit of CAT activity was defined as the amount of the enzyme that 

decomposes 1 mmol H2O2 per min at 25°C and pH 7. The activity of GPx was determined by the 

glutathione reduction of t-butyl hydroperoxide, using a modification of the assay described by 
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Paglia and Valentine (1967). One unit of GPx activity was defined as the amount of the enzyme 

needed to oxidize 1 µmol NADPH per min at 25°C and pH 7. GR activity was determined using 

the method of Glatzle and colleagues (1974). One unit of GR activity was defined as the amount 

of the enzyme needed to oxidize 1 µmol NADPH per min at 25°C and pH 7.4. For the 

measurement of total glutathione-S-transferases (GST) activity, 1-chloro-2,4-dinitrobenzene 

(CNDB) was used as the substrate (Habig at al., 1974). One unit of GST activity is defined as the 

amount of enzyme needed to conjugate 1 μmol of CNDB with glutathione (GSH) per min at 

25°C. All enzyme activities are expressed as units (U) per mg of protein. The protein 

concentration was determined by the Lowry et al (1951) method using bovine serum albumin as 

a standard. 

SDS-Polyacrylamide gel electrophoresis and immunoblotting 

Proteins from whole tissue extracts were resolved using 12% SDS-polyacrylamide gels 

and then transferred to a polyvinylidene difluoride (PVDF) membrane. Unbound sites on the 

membranes were blocked with 1% nonfat dry milk for 1.5 hr. After blocking membranes were 

incubated with primary antibody followed by alkaline phosphatase conjugated secondary 

antibody. Relative optical density of immunoreactive bands was determined by the enhanced 

chemifluorescent method using STORM scanner (Amersham) and ImageQuant software (GE 

Healthcare). For gel-to-gel comparison, one randomly chosen control sample was employed  as 

internal reference that was run on each gel as described in Ristić et al. (2015). The intensity of 

each analyzed immunospecific band was normalized both to corresponding β-actin band and to 

internal reference on the same blot.  
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Light microscopy 

Tissue sections were de-paraffinized in xylol, dehydrated using decreasing concentration 

of alcohol and stained with Periodic Acid Schiff (PAS) reagent. Digital images of kidney tissue 

were captured using a DM RB Photomicroscope (Leica, Wetzlar, Germany) with a DFC 320 

charged coupled device camera (Leica).  

Statistical analyses  

Statistical analyses were performed according to protocols described by Hinkle and co-

workers (1994). Each assay was performed in triplicate for each tissue sample. Statistical 

significance was tested by one–way analysis of variance (ANOVA) followed by Tukey's 

multiple comparison post-hoc test. A probability level of p<0.05 was considered statistically 

significant.  

RESULTS 

Daily food and liquid intake was measured during the treatment period and did not differ 

markedly between all groups (data not shown). Total body mass and relative kidney mass 

(expressed as tissue mass per total body mass) remained significantly unaltered.  

All APD produced a reduction in both SOD1 and SOD2 activities. Clozapine produced 

the greatest decrease in SOD1 activity (approximately 43%), followed by ZIP (28%) and SER 

(28%); as illustrated in Figure 1. Sertindole produced a significant 52% fall in SOD2 activity 

followed by CLO and ZIP at 30%. As shown in Figure 1 CAT activity was significantly 

diminished only in the SER-treated group (58%). The activity of GR was significantly decreased 

only in CLO-administered rats (23%) while GPx activity was not markedly affected by any 

treatment (Figure 1).  
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The protein expression levels of antioxidant enzymes in response to APD treatment 

showed the same trend as their activities with a reduction compared to control. However, the 

results from Western blotting failed to reach significance (Figure 2). Data indicated that there 

was inhibition of antioxidant enzyme activity, most likely associated with APD-mediated 

increased ROS production.  

Histopathological analysis demonstrated differences between control and ADP-treated 

rats, specifically in the kidney cortex. Proximal tubules in all ADP-administered animals showed 

dilatation compared with control (black arrows in Figure. 3). The most pronounced dilatation 

was observed in CLO-treated rats (Figure 3, panel C). 

DISCUSSION 

Raha et al (2012) postulated that the renal effects of APD are linked to increased 

oxidative stress. Oxidative stress occurs when enhanced reactive oxygen species (ROS) 

production is not accompanied by a proportional rise in endogenous antioxidant defence system 

activity. Such findings are in agreement with our previous observation that CLO effects in 

schizophrenic patient blood markers were partly due to oxidative stress (Miljević et al., 2010). 

Raha et al (2012) proposed that oxidative stress occurs as a consequence of elevated production 

of toxic dopamine metabolites which inhibit mitochondrial respiration and lead to disturbed 

oxidative balance, and that oxidative damage of proteins is associated with cellular energy 

metabolism (Baig et al., 2010). Increased GSH conjugation of the CLO nitrenium ion or 

differential toxicity of GST isoform-specific GSH conjugates (Vredenburg at al., 2013) may also 

account for enhanced ROS-induced damage in kidney cells. 

Kidneys are high energy demanding organs, and Abraham et al (2013) demonstrated that 

proximal tubules have a high ATP requirement for the active reabsorption of filtered nutrients 

javascript:void(0);
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and ions. Thus, damage to the proximal tubule might lead to tubular dysfunction as evidenced 

here by APD-induced dilatation. Moreover, superoxide formation was localized in proximal 

tubules (Forbes et al., 2012), damage normally prevented by adequate SOD activity (Nishikawa 

et al., 2001). Our data indicate that the antioxidative defence system failed to respond to the 

actions of APD where decreased activities of mitochondrial SOD2 and cytosolic SOD1 were 

found. Similarly Pillai et al (2007) reported that ZIP produced significant reduction in both 

SOD1 and SOD2 protein expression levels in rat brain. Interestingly, a significant inhibition in 

genes encoding SOD1 and SOD2 was noted by Schmidt et al (2009) in a study concerning the 

effects of APD on human neuroblastoma cells.  

Oxidative metabolism is regulated by appropriate antioxidative defence strategies in 

subcellular compartments (Halliwell and Gutteridge, 1990; Matés, 2000; Ghio et al., 2012). As a 

consequence of decreased SOD2 activity, flow of hydrogen-peroxide into the cytosol may be 

diminished. Reduced cytosolic SOD1 activity also indicates a low level of endogenous hydrogen 

peroxide, which basal GPx activity might be able to handle since no marked changes in GPx 

activities were found. Considering different subcellular localization and substrate responsiveness 

of GPx and CAT (Halliwell and Gutteridge, 2007) our results suggest that APD affected the 

intensity of oxidative metabolism differentially within various compartments. Other studies 

reported no marked effects of APD on GPx activity, whereas significant reductions in both CAT 

activity and protein expression levels after treatment with APD (one of the tested was ZIP) was 

detected by Pillai et al (2007). In contrast Agostinho and colleagues (2007) found no marked 

changes in SOD and CAT activities in the hippocampus, cortex and striatum after chronic 

treatment with CLO.  
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CONCLUSIONS 

Our findings of reduced antioxidative defence in kidneys may provide insight into 

understanding morphological changes induced by APD. Chronic atypical antipsychotic 

treatments need to be used with caution with periodical monitoring of kidney function. 

FUNDING  

This research was supported by grant (No. 173014) from the Ministry of Education, 

Science and Technological Development of the Republic of Serbia. 

ACKNOWLEDGEMENTS 

The authors wish to thank Dr. David R. Jones from United Kingdom for the language 

editing and proof-reading of the manuscript.  

REFERENCES 

Abraham, P., Ramamoorthy, H., Isaac, B. 2013. Depletion of the cellular antioxidant system 

contributes to tenofovir disoproxil fumarate - induced mitochondrial damage and increased 

oxido-nitrosative stress in the kidney. J. Biomed. Sci. 20: 61.  

Agostinho, F. R., Jornada, L. K., Schröder, N., Roesler, R., Dal-Pizzol, F., Quevedo, J. 2007. 

Effects of chronic haloperidol and/or clozapine on oxidative stress parameters in rat brain. 

Neurochem. Res. 32: 1343–1350. 

Au, A. F., Luthra, V., Stern, R. 2004. Clozapine-induced acute interstitial nephritis.  Am. J. 

Psychiat 161: 1501. 

Baig, M. R., Navaira, E., Escamilla, M. A., Raventos, H., Walss-Bass, C. 2010. Clozapine 

treatment causes oxidation of proteins involved in energy metabolism in lymphoblastoid cells: 



- 11 - 
 

A possible mechanism for antipsychotic-induced metabolic alterations J. Psychiatr. Pract. 16: 

325–333.  

Baldessarini, R. J., Cohen, B. M., Teicher, M. H. 1988. Significance of neuroleptic dose and 

plasma level in the pharmacological treatment of psychosis.  Arch. Gen. Psychiat. 45: 79–91. 

Beutler, E. 1982. Catalase: A Manual of  biochemical methods. In: Beutler E. (Ed.) Red Cell 

Metabolism, New York: Grune and Stratton. pp. 105–106. 

Che, R., Yuan, Y., Huang, S., Zhang, A. 2014. Mitochondrial dysfunction in the 

pathophysiology of renal diseases.  Am. J. Physiol. Renal Physiol. 306: F367–F378.  

Davis, J. M., Kane, J. M., Marder, S., Brauzer, B., Gierl, B., Schooler, N. Casey, D.E., Hassan, 

M. 1993. Dose response of prophylactic antipsychotics.  J. Clin. Psychiat. 54: 24–30.  

Elias, T. J., Bannister, K. M., Clarkson, A. R., Faull, D., Faull, R. J. 1999. Clozapine-induced 

acute interstitial nephritis.  Lancet 354: 1180–1181.  

Fehsel, K., Loeffler, S., Krieger, K., Henning, U., Agelink, M., Kolb-Bachofen, V., Klimke, A. 

2005. Clozapine induces oxidative stress and proapoptotic gene expression in neutrophils 

of schizophrenic patients.  J. Clin. Psychopharmacol. 25: 419–426.  

Fineberg, N. A., Gale, T. M., Sivakumaran, T. 2006. A review of antipsychotics in the treatment 

of obsessive compulsive disorder.  J. Psychopharmacol. 20: 97–103.  

Forbes, M. S., Thornhill, B.A., Minor, J. J., Gordon, K. A., Galarreta, C. I., Chevalier, R. L. 

2012. Fight-or-flight: murine unilateral ureteral obstruction causes extensive proximal tubular 

degeneration, collecting duct dilatation, and minimal fibrosis. Am. J. Physiol. Ren. Physiol. 

303: F120–F129. 

Fraser, D., Jibani, M. 2000. An unexpected and serious complication of treatment with the 

atypical antipsychotic drug clozapine.  Clin. Nephrol. 54: 78–80. 



- 12 - 
 

Ghio, A.J., Carraway, M.S., Madden, M.C. 2012. Composition of air pollution particles and 

oxidative stress in cells, tissues and living systems. J. Toxicol. Environ. Health B 15: 1-21. 

Glatzle, D., Vuilleumier, J. P., Weber, F., Decker, K. 1974. Glutathione reductase test with 

whole blood a convenient procedure for the assessment of the riboflavin status in humans. 

Experientia 30: 665–668. 

Habig, W. H., Pabst, M. J., Jakoby, W. B. 1974. Glutathione S-transferases. The first enzymatic 

step in mercapturic acid formation.  J. Biol. Chem. 249: 7130-7139. 

Halliwell, B., Gutteridge, J. M. C. 2007. Free Radicals in Biology and Medicine. 4th Ed. New 

York: Oxford University Press.  

Halliwell, B., Gutteridge, J. M. C. 1990. The antioxidants of human extracellular fluids. Am. J. 

Psychiat. 280: 1–8. 

Hinkle, E. D., Wiersma, W., Jurs, G. S. 1994. Applied Statistics for Behavioral Sciences. 2nd Ed. 

Boston: Houghton Mifflin Company.  

Hunter, R., Gaughan, T., Queirazza, F., McMillan, D., Shankie, S. 2009. Clozapine-induced 

interstitial nephritis - a rare but important complication: A case report.  J. Med. Case Rep. 27: 

8574. 

Lowry, O. H., Rosebrough, N. L, Farr, A. L., Randall, R. I. 1951. Protein measurement with 

Folin phenol reagent.  J. Biol. Chem. 193: 265–275.  

Matés, J. M. 2000. Effects of antioxidant enzymes in the molecular control of reactive oxygen 

species toxicology.  Toxicology 153: 83–104. 

Miljević, Č., Nikolić, M., Nikolić-Kokić, A., Jones, D., Niketić, V., Lečić-Tosevski, D., Spasic, 

M.B. 2010. Lipid status, anti-oxidant enzyme defence and haemoglobin content in the blood 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Habig%20WH%5BAuthor%5D&cauthor=true&cauthor_uid=4436300
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pabst%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=4436300
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jakoby%20WB%5BAuthor%5D&cauthor=true&cauthor_uid=4436300
http://www.ncbi.nlm.nih.gov/pubmed/4436300
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mat%C3%A9s%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=11090949
http://www.ncbi.nlm.nih.gov/pubmed/?term=Toxicology+153+(2000)+83%E2%80%93104


- 13 - 
 

of long-term clozapine-treated schizophrenic patients.  Prog. Neuropsychopharmacol. Biol. 

Psychiat. 34: 303–307. 

Misra, H. P., Fridovich, I. 1972. The role of superoxide anion in the autoxidation of epinephrine 

and a simple assay for superoxide dismutase.  J. Biol. Chem. 247: 3170–3175. 

Moledina, D. G., Perazella, M. A. 2015. Acute kidney injury and mortality in the elderly: Add 

atypical antipsychotics to the list.  Am. J. Kidney Dis. 65: 655–658.  

Nishikawa, M., Nagatomi, H., Chang, B. J., Sato, E., Inoue, M. 2001. Targeting superoxide 

dismutase to renal proximal tubule cells inhibits mitochondrial injury and renal dysfunction 

induced by cisplatin.  Arch. Biochem. Biophys. 387: 78–84. 

Paglia, D. E., Valentine, W. N. 1967. Studies on the quantitative and qualitative characterization 

of erythrocyte glutathione peroxidase.  J. Lab. Clin. Med. 70: 74–77. 

Parekh, R., Fattah, Z., Sahota, D., Colaco, B. 2014. Clozapine induced tubulointerstitial nephritis 

in a patient with paranoid schizophrenia. BMJ Case Report doi: 10.1136/bcr-2013-203502. 

Pillai, A., Parikh, V., Terry Jr., A. V., Mahadik, S. P. 2007. Long-term antipsychotic treatment 

and crossover studies in rats: Differential effects of typical and atypical agents on the 

expression of antioxidant enzymes and membrane lipid peroxidation in rat brain.  J. 

Psychiatr. Res. 41: 372–386. 

Raha, S., Taylor, V. H., Holloway, A. C. 2012. Effect of atypical antipsychotics on fetal growth: 

Is the placenta involved? J. Pregnancy 2012: 315203.  

Ristić, A.J, Savić, D., Sokić, D., Bogdanović- Pristov. J., Nestorov, J., Baščarević, V., Raičević, 

S., Savić, S., Spasojević, I. 2015. Hippocampal antioxidative system in mesial temporal lobe 

epilepsy.  Epilepsia 56: 789-799. 



- 14 - 
 

Schmidt, A. J., Hemmeter, U. M., Krieg, J. C., Vedder, H., Heiser, P. 2009. Impact of 

haloperidol and quetiapine on the expression of genes encoding antioxidant enzymes in 

human neuroblastoma SH-SY5Y cells.  J. Psychiatr. Res. 43: 818–823. 

Shanon, R. S., Minakshi, N., Nihal, A. 2007. Dose translation from animal to human studies 

revisited.  FASEB J. 22: 659–661. 

Southall, K.E., Fernando, S. N. 2000. A case of interstitial nephritis on clozapine.  Aust. NZJ. 

Psychiat. 34: 697–698.  

Vassell, K.P., Commandeur, J.N., Vermeulen, N. P., Vos, J. C. 2013. Reconstitution of the 

interplay between cytochrome P450 and human glutathione S-transferases in clozapine 

metabolism in yeast.  Toxicol. Lett. 222: 247–256.  

Zhang, X. Y., Tan, Y. L., Cao, L. Y., Wu, G. Y., Xu, Q., Shen, Y., Zhou, D.F. 2006. Antioxidant 

enzymes and lipid peroxidation in different forms of schizophrenia treated with typical and 

atypical antipsychotics.  Schizophr. Res. 81: 291–300.  

http://www.ncbi.nlm.nih.gov/pubmed/?term=Vassell%20KP%5BAuthor%5D&cauthor=true&cauthor_uid=23916688
http://www.ncbi.nlm.nih.gov/pubmed/?term=Commandeur%20JN%5BAuthor%5D&cauthor=true&cauthor_uid=23916688
http://www.ncbi.nlm.nih.gov/pubmed/?term=Vos%20JC%5BAuthor%5D&cauthor=true&cauthor_uid=23916688
http://www.ncbi.nlm.nih.gov/pubmed/?term=Toxicology+Letters+222+(2013)+247%E2%80%93+256


- 15 - 
 

FIGURE LEGENDS: 

FIGURE 1. Kidney tissue antioxidant enzyme activities and glutathione-S-transferases (GST). 

Data are presented as means ± S.E.M (n=8 per group) in units per milligram of total protein. 

Significant differences between controls and treated groups (one-way ANOVA followed by 

Tukey test) are presented by asterisks: * p<0.05. (ZIP-Ziprasidone; CLO-Clozapine; SER-

Sertindole). 

FIGURE 2. Kidney tissue protein expression levels of antioxidant enzymes. Kidney whole 

tissue extract (50 µg protein per lane) was subjected to SDS-PAGE and Western blotting. 

Immunopositive bands were visualized by enhanced chemifluorescence using STORM scanner. 

β-Actin was used as the loading control. Representative Western blots (above) and relative 

quantification of enzyme protein levels (below) are shown (Con-Control; ZIP-Ziprasidone; CLO-

Clozapine; SER-Sertindole). Quantitative analysis was done by the ImageQuant software. The 

intensity of each analyzed immunospecific band was normalized both to corresponding β-actin 

band and to internal reference on the same blot. Relative integrated optical densities of bands are 

expressed in arbitrary units (AU) as mean ± S.E.M (n=8 per group). Statistical significance was 

tested by one-way ANOVA followed by Tukey test.  

FUGURE 3. Upper: Histological features of the kidney cortex in adult male rats treated with 

APD obtained by light microscopy and PAS staining. Kidney cortex of: A) Control-treated rat 

shows normal architecture of kidney tubules; B) Ziprasidone-, C) Clozapine- and D) Sertindole-

treated rats. The proximal kidney tubules (indicated by black arrows) show dilatation compared 

to control.. Bar = 40µm. Lower: Histogram represent diameter of proximal kidney tubules in 

controls and ZIP-Ziprasidone-, CLO-Clozapine- and SER-Sertindole-treated rats. Data are 
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presented as means ± SEM (n=8). Comparison between controls and treated groups were made 

by un-paired Student’s t-test. * p<0.05. 
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