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Abstract 

Paroxetine is a Selective Serotonin Reuptake Inhibitor (SSRI) utilized for the treatment of Major Depressive and Stress 

issues. One of the significant drawbacks in Paroxetine treatment is the pharmaceutical impelled hepatic damage. In this study 

impact of paroxetine presentation on the liver were described utilizing in vivo mouse model. Swiss albino mice received the 

medication for distinctive time periods and the alterations in the levels of protein explored by proteomic examination. There 

were 44 down-controlled proteins, some of which are differentially conveyed at diverse treatment stages. 
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Introduction 

Paroxetine is a drug belonging to the selective serotonin reuptake inhibitors (SSRIs) class which are first line antidepressants 

used in the primary care and psychiatric practices due to their fewer side-effects in comparison to old generation 

antidepressants (1,2). It is mainly used to treat depression, obsessive-compulsive disorder, anxiety disorders, post-traumatic 

stress disorders (PTSD), and premenstrual dysphoric disorder (PMDD)(3,4). Paroxetine (PXT) is associated with side effects 

such as nausea, vomiting, diarrhoea, loss of appetite, weight loss, yellowing of the skin or whites of the eyes, dark urine, and 

pale stools (1,5,6). There are reported in paroxetine administration is associated with reports of an increase in AST, ALT 

levels, and acute liver failure. The mechanism of the PXT induced liver toxicity is still very less studied (6–8). It is 

considered that it causes the idiosyncratic toxicity. Drugs that have the potential to cause idiosyncratic drug toxicity may 

regulate common physiological or biochemical processes(9,10). Understanding the response to drugs/chemicals at the 

molecular level has potential both to elucidate the mechanisms of toxicity and to predict idiosyncratic toxicity(11,12).  

Recently many studies have been conducted to study and analyze gene expression, protein expressions  altered by toxicants 

so that the mechanism behind their toxicity could be studied(13–16). However, very few studies have been conducted to 

understand the toxicity mechanisms of paroxetine. 

Our objective was to study the changes in protein profile of the liver when animals were exposed to paroxetine. This type of 

studies will help in understanding the pathways by which the paroxetine causes liver damage and can help in the 

development of markers for early identification of toxicity so that preventive steps can be taken to reduce the damage and 

continue the therapy with alternative drugs. Commonly used markers such as AST, ALT intend to show the cell damage 

which is not limited to hepatic cells. 

The purpose of the current study was to measure and identify changes in the liver proteomic profile after exposing animals 

with a drug with different time duration. Identifying changes in global protein expression will not only strengthen our 

understanding of paroxetine toxicity, but it will also help us in the identification of biomarkers which will help in improving 

the diagnosis and identification of toxicity at early stages. 

Methodology 

Chemicals and Reagents 

Urea, thiourea, glycine, acrylamide, bromophenol blue, Chaps, dithiothreitol and iodoacetamide were purchased from 

Himedia (Mumbai). Complete protease inhibitor cocktail tablets were purchased from Sigma-Aldrich (USA). 

Sequencinggrade trypsin was purchased from Promega (USA). Acetone and ethanol were purchased from Fischer Scientific. 

(Shanghai, China). All of the water used in this study was prepared with a Milli-Q system (Millipore, Bedford, MA, USA). 
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Animals 

Swiss albino mice (age 3-4 month) used in this study were obtained from the animal house of the B. V. Patel Pharmaceutical 

Education and Research Development (PERD) Centre, Ahmedabad, India. The animals were housed in polypropylene cages 

and placed in the experimental room where they were allowed to acclimatize for a week before the experiment. A 10% air 

exhaust conditioning unit was maintained along with a relative humidity of 60 ± 5% and a temperature of 25 ± 3°C was 

stabilized. A 14:10 h light: dark cycle was also regulated for the experimental animals. VRK Laboratory Animal Feed (VRK 

Nutrition Solution) and RO water were provided ad libitum to the experimental animals. All experimental protocols were 

reviewed and accepted by the Institutional Animal Ethics Committee (IAEC) prior to initiation of the experiment. Techniques 

with Good Laboratory Practice (GLP) were followed. 

Committee for the Purpose of Control and Supervision of Experiments on Animals, Ministry of Social Justice and 

Empowerment, Government of India, vide registration no.1661/PO/a/12/CPCSEA, dated 21/11/2012. 

For this study animals were divided into 4 groups of 3 animals each  

Control group: No treatment was given in this group 

Treatment group 1: This group was treated for 5 days with the Paroxetine (123.33mg/kg)  

Treatment group 2: This group was treated for 10 days with the Paroxetine (123.33mg/kg) 

Treatment group 3: This group was treated for 15 days with the Paroxetine (123.33mg/kg) 

Blood collection was done from retro-orbital on day six, eleven and sixteen days post PXT administration for serum 

biochemistry analysis and the animals were euthanized by CO2 asphyxiation. The liver samples were frozen and stored at -

80°C until the protein isolation. 

Sample preparation and Gel Electrophoresis 

Liver tissue was homogenized in sample buffer (7 M urea, 2 M thiourea, 4%w/v CHAPS, 20 mM DTT containing protease 

inhibitor cocktail) and then centrifuged at 15,000 rpm for 1 h at 4C. All samples were stored at -80C prior to 

electrophoresis. Protein concentrations were determined using a Bradford protein assay kit (Bio-Rad Laboratories, USA). 

Isolated protein were mixed with rehydration buffer (5 M urea, 2M Thiourea, 2% CHAPS, 100 mM DTT, 0.5% v/v pH 3-10 

IPG buffer, 40 mM Tris Base, 2% SB 3-10, and trace bromophenol blue) to a final volume of 270g/200l for each strip, and 

applied to immobilized 7 cm pH 3-10 nonlinear gradient strips by over-night re-hydration. isoelectric focusing (IEF) was 

performed with an Ettan IPGphor apparatus (GE Healthcare) as follow steps: 0-200 V (STEP for 1Hr), 500 V (STEP for 

4Hr), 500—1000 V ( STEP for 1Hr), 1000-5000 V (GRADIENT for 4Hr), 5000 V (STEP for 30min), 500 V (STEP for 8Hr). 

All IEF steps were carried out at 20°C. After the first dimensional IEF, IPG gel strips were placed in an equilibration solution 

(6 M urea, 2% SDS, 30% glycerol, 50 mM Tris-HCI, pH 8.8) containing 1% DTT for 10 min. The gels were then transferred 

to the equilibration solution containing 2.5% iodoacetamide and kept for a further 10 min before placing them on 12% 

polyacrylamide gel slab(17–19). 

Visualization and image analysis: Gels were stained with coomassie brilliant blue and visualized in Bio-Rad Gel Doc 

X1R.Spot detection and Quantification were carried out using FLICKER (20). 

Spot intensity was quantified automatically by calculation of spot volume after normalization of the image by taking the ratio 

of intensity of one spot to the total spots 

In-Gel Digestion and MS analysis 

In Gel digestion was performed according to He Ping et al (2001). Excised gel spots were minced into 1mm3 pieces and 

transferred to a sterile microcentrifuge tube. Pieces were washed using 500 µl 50mM ammonium bicarbonate in 50% 

acetonitrile (ACN) at room temperature for 30 min with mile shaking/agitation. Washing was repeated until the complete dye 

got removed. The gels were dehydrated using 100% acetonitrile for 5 min. After discarding the acetonitrile, the gels were 

dried at room temperature. Dried gel pieces were reduced with 10mM dithiothreitol (DTT) (56C; 30 min) and alkylated with 

50mM iodoacetamide in 100mM NH4HCO3 (dark conditions, room temperature, 30 min).After discarding the alkylation 

solution, the gel were dried using 100% acetonitrile and then incubated in the digestion solution (40mM NH4HCO3, 9% 

ACN, and 20 µg/mL trypsin; overnight, 37C). The tryptic peptides were extracted with 50% ACN/2.5% TFA and then dried 

using a gentle nitrogen stream. The sample was analyzed as per method of He Ping for mass analysis (21–23). 
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Protein identification and data analysis 

Raw spectral data files were converted to suitable format and the list of masses containing all the fragment information was 

submitted to Mascot (Matrix Science version 2.1) in order to identify the proteins using the International Protein Index (IPI) 

database for mouse proteins, plus common contaminants such as trypsin and BSA. The search was performed using the 

following parameters: maximum of three missed trypsin cleavages, carbamidomethylation (Cys) as fixed variation, oxidation 

(Met) and acetylation (N-terminal of the protein) as variable modifications, and mass accuracy of 0.2 Da. Peptides with a 

minimum Mascot score of 38 indicate identifications with an error of less than 5% (p < 0.05). Proteins matching, at least, two 

peptides by Mascot were accepted automatically while identifications on the basis of only one peptide were accepted if the 

score was at least twice the threshold value for acceptance of MS/MS sequenced peptides and using an MS/MS fragment of 

at least 7 amino acids, and after manual validation. Spectra and protein validation were performed using open source software 

called MS Quant, extensively used for MS data analysis (20) . 

Statistical analysis 

Statistical analysis was made by means of Student’s t-test and values with p<0.05 were considered to be statistically 

significant. 

Results  

The representative 2 DE gels of control and treatment groups are displayed in Figure 1 

Quantitative comparison of protein spots was conducted by Flicker software. We compared the 2-DE gels from control 

groups and paroxetine-treated groups (5 Day, 10 Day and 15 Day). 

A total of 33, 30 and 28 protein spots were down-regulated significantly respectively in 5 days, 10 day and 15-day treatment 

groups in comparison to control group 24 were present in more than one treatment duration. According to KEGG pathway 

and Protein Database in Mascot, these proteins were found to involve in signal transduction, homeostasis and protein 

synthesis, energy and primary metabolism. Figure 2 summarize the pathways related to the proteomic response of the liver to 

paroxetine exposure. 

In five day treatment group of Paroxetine, 14 proteins Arginase-1, Carbamoyl-phosphate synthase, Glutamate dehydrogenase 

1,  Serum paraoxonase/arylesterase 1, 3-ketoacyl-CoA thiolase mitochondrial,  Ketohexokinase, Aconitate hydratase, 

mitochondrial precursor,26S protease regulatory subunit S10B, Methylcrotonoyl-CoA carboxylase alpha chain,  

Dimethylglycine dehydrogenase, 60 kDa heat shock protein,  Actin,  Sulfite oxidase were significantly altered.  

In the ten-day treatment group, 8 proteins Xanthine dehydrogenase/oxidase, Alpha-2-HS-glycoprotein, Programmed cell 

death protein 8, Ubiquinol-cytochrome-c reductase complex core, Adenosylhomocysteinase, Superoxide dismutase, 

Serotransferrin precursor, Bifunctional ATP-dependent dihydroxyacetone kinase/FAD-AMP, were significantly altered in 

comparison to control group. Total 10 proteins were significantly altered in 15-day group which include Dimethylaniline 

monooxygenase, Murinoglobulin-1, Hemopexin, Senescence marker protein-30 (Regucalcin), Glutathione S-transferase, N-

Myc downstream-regulated gene 2 (NDRG2), Cathepsin L1, Ceruloplasmin, Vitamin D-binding protein, Alpha-1-antitrypsin 

1-4.  

Discussion  

In recent research findings the -omic approaches have demonstrated their capability to elucidate toxicological effects of 

chemicals and drugs. In this Work, animals were exposed to high dose of paroxetine for different time durations followed by 

the proteomic analysis of liver. 

In the 5 days, exposure of Paroxetine total 14 proteins was significantly altered. Arginase-1 is the final enzyme of the urea 

cycle when released from hepatocytes it increases the arginine breakdown (24). Carbamoyl-phosphate synthase is also a 

metabolic protein which is involved mainly in ammonia metabolism, Recently WG Carter et al found that the level of 

Carbamoyl-phosphate synthase can be useful in establishing new biomarkers for ethanol-induced liver damage. Also, the 

level of Carbamoyl-phosphate synthase is decreased in acetaminophen-induced hepatotoxicity (25). Schomaker and 

colleagues evaluated the diagnostic utility of glutamate dehydrogenase (GLDH) and Serum paraoxonase (PON), for liver 

injury in over 800 patients. They found that GLDH shows best predictive power for prediction of liver damage whereas 

serum paraoxonase levels were unpredictable even in thecontrol population(26). 3-ketoacyl-CoA thiolase mitochondrial 
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which is a terminal enzyme in fatty oxidation system is involved oxidative stress mediated hepatotoxicity. Newton BL et al 

demonstrated that level of ketohexokinase is significantly decreased in alcohol induced steatosis(27). Dimethylglycine which 

is an end product of homocysteine pathway is an indirect biomarker for the fatty liver condition(28). 5-day exposure of 

paroxetine leads to decrease in various metabolic and regulatory proteins. This directly indicated the system was under stress 

and tries to compensate the overload via utilizing metabolic machinery. 

Total eight proteins were significantly down-regulated in the10-day treatment group. Oxidative stress-induced cell death 

involved various proteins which include the Xanthine dehydrogenase/oxidase, Superoxide dismutase, Ubiquinol-cytochrome-

c reductase, TNF. It results in the triggering of apoptosis and programmed cell death which is various proteins such as 

Programmed cell death protein 8. Decrease in the level of Bifunctional ATP-dependent dihydroxyacetone kinase/FAD-AMP 

is an indicator of increased energy demand as it is involved in Glyceraldehyde and FAD metabolism. Alpha-2-HS-

glycoprotein which is also known as fetuin-A has been associated with various diseases such as cancer, psoriasis, 

osteoporosis and non-alcoholic fatty liver syndromes, although earlier studies shows an increase in the level of Alpha-2-HS-

glycoprotein while in this study we found that its expression is decreased, whereas the results for decrease in the level of the 

Serotransferrin are in accordance with the earlier studies (29). In third treatment group which received the therapy for 15 

days, ten proteins were significantly altered. The Ceruloplasmin which plays an important role in storage and transport of 

ions such as Copper and iron is synthesized in the liver. Since these ions are important for energy production, connective 

tissue formation along with other functions. Although the level of this protein is found to be elevated in obsessive compulsive 

disorder, but  is used in a lab test for the identification of a rare Wilson’s disease(30). Similarly, Hemopexin which is also 

majorly present in the liver is responsible for the heme binding and iron metabolism. It plays a protective role against the 

heme-mediated oxidative stress. A reduction in the level of Hemopexin in indicator of increased oxidative stress. Reduction 

in the levels of Glutathione S- transferase also an indicator of increased oxidative stress in the system, Clarke et al found the 

GST as more sensitive and accurate indicator to carbon tetrachloride-induced hepatotoxicity in comparison to AST. 

Cathepsin L1 which is a protease in mainly responsible for the catabolism of collagen and elastin. Decrease in the level of 

Cathepsin may be due to its activation and subsequent catabolism of collagen and elastin which are key factors in liver 

fibrosis. Murinoglobulin has been studied as an indicator for pancreatitis, but its role in the liver is still unexplored. The 

increase in the levels of the murinoglobulin has been found in metastatic cancer in theliver.NDRG2 modulated the HSC 

activation and liver fibrosis, a decline in the levels of this may indicate the negative impact on liver architecture which may 

be in a compromised state due to catabolism of collagen and elastin. 

Conclusions  

In summary, on the administration of Paroxetine for the different duration, we found that initially it alters the normal 

metabolic process of the liver, which is a common process in the all the xenobiotic exposure. But at latter stages, the levels of 

stress protector molecules declined followed by a decrease in the molecule which is essential for maintaining the normal 

structure and function of the liver. These results were in agreement to studies for other hepatotoxins, we can say that this 

molecule should be further investigated with other hepatotoxicity models for establishing better predictive power. 

Acknowledgements  

The authors would like to thank B.V. Patel PERD Centre for providing necessary facilities to carry out this work. Mr. 

Sandeep Kumar Thakur also would like to thank University Grants Commission for providing the Research Fellowship. We 

would like to thank Intas Pharmaceuticals for providing the Paroxetine sample for the study. 

References  

Altschuler, E. L., & Kast, R. E. (2004). Paroxetine for hepatopulmonary syndrome? Medical Hypotheses, 62(3), 446–447. 

http://doi.org/10.1016/j.mehy.2003.10.017 

Bourin, M., Chue, P., & Guillon, Y. (2001). Paroxetine: a review. CNS Drug Reviews, 7(1), 25–47. 

http://doi.org/10.1111/j.1527-3458.2001.tb00189.x 

Brind, A. M. (2007). Drugs that damage the liver. Medicine, 35(1), 26–30. http://doi.org/10.1053/j.mpmed.2006.10.005 

Carter, W. G., Vigneswara, V., Newlaczyl, A., Wayne, D., Ahmed, B., Saddington, S., … Kharbanda, K. K. (2015). 

Isoaspartate, carbamoyl phosphate synthase-1, and carbonic anhydrase-III as biomarkers of liver injury. 

http://doi.org/10.1016/j.mehy.2003.10.017
http://doi.org/10.1111/j.1527-3458.2001.tb00189.x
http://doi.org/10.1053/j.mpmed.2006.10.005


International Journal of Interdisciplinary and Multidisciplinary Studies (IJIMS), 2017, Vol 4, No.2,61-67. 65 
 

 

Biochemical and Biophysical Research Communications, 458(3), 626–631. 

http://doi.org/10.1016/j.bbrc.2015.01.158 

Collins, B. C., Clarke, A., Kitteringham, N. R., Gallagher, W. M., & Pennington, S. R. (2007). Use of proteomics for the 

discovery of early markers of drug toxicity. Expert Opinion on Drug Metabolism & Toxicology, 3(5), 689–704. 

http://doi.org/10.1517/17425255.3.5.689 

Craig, A., Sidaway, J., Holmes, E., Orton, T., Jackson, D., Rowlinson, R., … Nicholson, J. (2006). Systems Toxicology : 

Integrated Genomic , Proteomic and Metabonomic Analysis of Methapyrilene Induced Hepatotoxicity in the Rat 

research articles. Journal of Proteome Research, 5(7), 1586–1601. http://doi.org/10.1021/pr0503376 

Czegledi, L., Gulyas, G., Radacsi, A., Kusza, S., Bekefi, J., Beri, B., & Javor, A. (2010). Sample Preparation and Staining 

Methods for Two-Dimensional Polyacrylamide Gel Electrophoresis of Proteins from Animal Tissues. Scientific 

Papers: Animal Science and Biotechnologies, 43(1), 267–270. 

de Man, R. A. (1997). Severe hepatitis attributed to paroxetine (Seroxat). Nederlands tijdschrift voor geneeskunde, 141(11), 

540–542. 

Dykens, J. a, Jamieson, J. D., Marroquin, L. D., Nadanaciva, S., Xu, J. J., Dunn, M. C., … Will, Y. (2008). In vitro 

assessment of mitochondrial dysfunction and cytotoxicity of nefazodone, trazodone, and buspirone. Toxicological 

Sciences : An Official Journal of the Society of Toxicology, 103(2), 335–45. http://doi.org/10.1093/toxsci/kfn056 

Fitzgerald, K. T., & Bronstein, A. C. (2013). Selective serotonin reuptake inhibitor exposure. Topics in Companion Animal 

Medicine, 28(1), 13–17. http://doi.org/10.1053/j.tcam.2013.03.003 

Germann, D., Ma, G., Han, F., & Tikhomirova, A. (2013). Paroxetine hydrochloride. In H. Brittain (Ed.), Profiles of Drug 

Substances, Excipients, and Related Methodology (Vol. 38, pp. 367–406). Academic Press. 

http://doi.org/10.1016/B978-0-12-407691-4.00008-3 

He, P., He, H.-Z., Dai, J., Wang, Y., Sheng, Q.-H., Zhou, L.-P., … Zhao, X. (2005). The human plasma proteome: analysis of 

Chinese serum using shotgun strategy. Proteomics, 5(13), 3442–53. http://doi.org/10.1002/pmic.200401301 

Ikeda, T. (2011). Drug-Induced Idiosyncratic Hepatotoxicity: Prevention Strategy Developed after the Troglitazone Case. 

Drug Metabolism and Pharmacokinetics, 26(1), 60–70. http://doi.org/10.2133/dmpk.dmpk-10-rv-090 

Kelly-Spratt, K. S., Pitteri, S. J., Gurley, K. E., Liggitt, D., Chin, A., Kennedy, J., … Kemp, C. J. (2011). Plasma proteome 

profiles associated with inflammation, angiogenesis, and cancer. PloS One, 6(5), e19721. 

http://doi.org/10.1371/journal.pone.0019721 

Khojasteh, S. C., Oishi, S., & Nelson, S. D. (2010). Metabolism and Toxicity of Menthofuran in Rat Liver Slices and in Rats. 

Chemical Research in Toxicology, (23), 1824–1832. http://doi.org/10.1021/tx100268g 

Klopfleisch, R., & Gruber, A. D. (2012). Transcriptome and proteome research in veterinary science: what is possible and 

what questions can be asked? The Scientific World Journal, 2012, 254962. http://doi.org/10.1100/2012/254962 

Lee, W. M. (2003). Drug-Induced Hepatotoxicity. The New England Journal of Medicine, 349(5), 474–485. 

http://doi.org/10.1056/NEJMra021844 

Lu, Y., Liu, J., Lin, C., Wang, H., Jiang, Y., Wang, J., … He, F. (2010). Peroxiredoxin 2 : a potential biomarker for early 

diagnosis of Hepatitis B Virus related liver fibrosis identified by proteomic analysis of the plasma. BMC 

Gastroenterology, 10, 1–13. http://doi.org/10.118611471-230X-10-115 

Mann, M. (2006). Promise of high accuracy mass spectrometry based proteomics in biomarker discovery*. Klinische Chemie 

Mitteilungen, 37(4/5), 103–105. 

Nakayama, H., Umeda, S., Nibuya, M., Terao, T., Nisijima, K., & Nomura, S. (2014). Two cases of mild serotonin toxicity 

via 5-hydroxytryptamine 1A receptor stimulation. Neuropsychiatric Disease and Treatment, 10, 283–287. 

http://doi.org/10.2147/NDT.S58714 

Newton, B. W., Russell, W. K., Russell, D. H., Ramaiah, S. K., & Jayaraman, A. (2009). Liver Proteome Analysis in a 

Rodent Model of Alcoholic Steatosis research articles. Journal of Proteome Research, 8, 1663–1671. 

http://doi.org/I0.1021/pr800905w 

Palagi, P. M., Hernandez, P., Walther, D., & Appel, R. D. (2006). Proteome informatics I: bioinformatics tools for processing 

experimental data. Proteomics, 6(20), 5435–44. http://doi.org/10.1002/pmic.200600273 

http://doi.org/10.1016/j.bbrc.2015.01.158
http://doi.org/10.1517/17425255.3.5.689
http://doi.org/10.1021/pr0503376
http://doi.org/10.1093/toxsci/kfn056
http://doi.org/10.1053/j.tcam.2013.03.003
http://doi.org/10.1016/B978-0-12-407691-4.00008-3
http://doi.org/10.1002/pmic.200401301
http://doi.org/10.2133/dmpk.dmpk-10-rv-090
http://doi.org/10.1371/journal.pone.0019721
http://doi.org/10.1021/tx100268g
http://doi.org/10.1100/2012/254962
http://doi.org/10.1056/NEJMra021844
http://doi.org/10.118611471-230X-10-115
http://doi.org/10.2147/NDT.S58714
http://doi.org/I0.1021/pr800905w
http://doi.org/10.1002/pmic.200600273


International Journal of Interdisciplinary and Multidisciplinary Studies (IJIMS), 2017, Vol 4, No.2,61-67. 66 
 

 

Poll, M. C. G. Van De, Hanssen, S. J. P., Berbee’, M., Deutz, N. E. P., Monubaliu, D., Buurman, W. A., & Dejong, C. H. C. 

(2008). Elevated plasma arginase-1 does not affect plasma arginine in patients undergoing liver resection. Clinical 

Science, 114, 231–241. http://doi.org/10.1042/CS20070143 

Posch, A. (2008). 2D PAGE: Sample Preparation and Fractionation Volume 1. (A. Posch, Ed.) (1st ed.). Humana Press. 

http://doi.org/10.1007/978-1-60327-064-9 

Ryan, P. M., Kelly, J. P., Chambers, P. L., & Leonard, B. E. (2001). The toxicity profile of a single dose of paroxetine: an 

alternative approach to acute toxicity testing in the rat. Pharmacology Toxicology, 88(2), 59–66. http://doi.org/10.1 

034/j.1600- 0773.2001.088002059.X 

Schomaker, S., Warner, R., Bock, J., Johnson, K., Potter, D., Winkle, J. Van, & Aubrecht, J. (2013). Assessment of Emerging 

Biomarkers of Liver Injury in Human Subjects, 132(2), 276–283. http://doi.org/10.1093/toxsci/kft009 

Seshi, B., Raja, K., & Chandramouli, K. (2011). Immobilized pH gradient-driven paper-based IEF: a new method for 

fractionating complex peptide mixtures before MS analysis. Clinical Proteomics, 8(1), 10. 

http://doi.org/10.1186/1559-0275-8-10 

Virit, O., Selek, S., Bulut, M., Savas, H. A., Celik, H., Erel, O., & Herken, H. (2008). High ceruloplasmin levels are 

associated with obsessive compulsive disorder: a case control study. Behavioral and Brain Functions : BBF, 4, 52. 

http://doi.org/10.1186/1744-9081-4-52 

Wagstaff, A. J., Cheer, S. M., Matheson, A. J., Ormrod, D., & Goa, K. L. (2002). Paroxetine. Drugs, 62(4), 655–703. 

http://doi.org/10.2165/00003495-200262040-00010 

Yengi, L. G., Leung, L., & Kao, J. (2007). The evolving role of drug metabolism in drug discovery and development. 

Pharmaceutical Research, 24(5), 842–58. http://doi.org/10.1007/s11095-006-9217-9 

 

 

 

 

 

http://doi.org/10.1042/CS20070143
http://doi.org/10.1007/978-1-60327-064-9
http://doi.org/10.1%20034/j.1600-%200773.2001.088002059.X
http://doi.org/10.1%20034/j.1600-%200773.2001.088002059.X
http://doi.org/10.1%20034/j.1600-%200773.2001.088002059.X
http://doi.org/10.1093/toxsci/kft009
http://doi.org/10.1186/1559-0275-8-10
http://doi.org/10.1186/1744-9081-4-52
http://doi.org/10.2165/00003495-200262040-00010
http://doi.org/10.1007/s11095-006-9217-9


International Journal of Interdisciplinary and Multidisciplinary Studies (IJIMS), 2017, Vol 4, No.2,61-67. 67 
 

 

Figure 2 Altered signaling pathways in PXT induced liver damage. This interaction map was created in the String 9.0 program (http://string-

db.org) and summarizes the affected signaling pathways. 

 

 


