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ABSTRACT 

 
Indoleamine 2, 3-dioxygenase (IDO) is the regulatory enzyme of tryptophan degrading kynurenine pathway. The over-

expression of IDO, however, leads to increase concentration of kynurenine pathway metabolites, particularly the 

neurotoxic metabolites 3-hydroxykynurenine and quinolinic acid. Quinolinic acid recently been established as one of 

the key players involved in the pathogenesis of Alzheimer’s disease (AD) and depression. The present result illustrates 

the binding of established non-steroidal anti-inflammatory drugs against IDO enzyme using Molegro Virtual Docker 

software (MVD). For this purpose we have selected one structure hits of protein overly expressing in disease from 

protein data bank (PDB) and non-steroidal anti-inflammatory (NSAIDs) (phenylbutazone, lornoxicam and allopurinol). 

Docking results show that all NSAIDs fit well into the active site of IDO. Energy scores for the top ranked ligand 

molecule phenyl butazone -122.256 K cal/mol, lornoixacam -112.28 K cal/mol and allopurinol -84.8765 K cal/mol. It 

is concluded that phenylbutazone, lornoxicam and allopurinol are possible lead molecules. Present results also prooved 

that they are competitive inhibitors of IDO. Our study also gives an idea that peripheral anti inflammation approaches 

might be beneficial in the therapy of inflammation-related central nervous system diseases such as Depression and 

Alzheimer. 
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INTRODUCTION 

Indoleamine 2,3dioxygenase (IDO) (EC 1.13.11.52) breaks down the tryptophan (TRP) by the oxidative 

cleavage process.  IDO is usually found in the tissues, such as neuroglia, macrophages of the central nervous system 

(CNS) in mammals. IDO is a haem containing monomeric enzyme (Botting, 1995). IDO utilizes superoxide and O2 

during catabolism (Taniguchi et al., 1979) as well as dihydroflavin mononucleotide and tetrahydrobioprotien use as 

cofactor (Ozaki et al., 1987). Modification of TRP metabolism triggered by pro inflammatory cytokines has 

emerged as a notion to elucidate pathophysiology of major depression. It shares TRP with the serotonin (5-HT) 

pathway. Pro inflammatory cytokines induce IDO in stress, stimulate the KP, and reduce serotonin synthesis; 

subsequently decrease serotonin synthesis may be the cause of major depression. Moreover, metabolites of the KP 

have both activities like neuroprotective/neurotoxic; kynurenic acid is neuroprotective whereas 3-

hydroxykynurenine and quinolinic acid are neurotoxic. The over-expression of IDO, however, leads to augmented 

concentration of kynurenine pathway metabolites, particularly the neuroactive metabolites 3-hydroxykynurenine and 

quinolinic acid. Elevated levels of these metabolites have been linked to neurological conditions including cerebral 

malaria  (Sanni et al., 1998), AIDS dementia complex (Sardar and Reynolds, 1995) and (Brew et al., 1996), AD 

(Winder et al.,1999, 2000) and Hungtintion’s disease (Winder et al., 1999, 2000 and Okuda et al. ,1996). 

Metabolism of tryptophan through the KP, produces neurotoxic metabolites which are associated in the pathogenesis 

of Alzheimer disease (AD). Oxidative stress significantly   damages neuronal tissue via 3-hyderoxykynurenine (3-

HK) and 3-hydroxyanthranilic acid (3-HAA) which may contribute to neurodegenration through consequent 

amyloid-β accumulation, glial activation, and up regulation of KP. The over expression of IDO-1 and 3-HK in AD 

tissue sections confirms the up regulation of the kynurenine pathway in AD (Bonda et al., 2010). Recently 

Coptisine, a novel IDO inhibitor, has been reported as a potential new class of drugs for AD treatment. (Yu et al., 

2015).  

Kynurenine pathway is up-regulated in brain of AD patients, leading to increase in the excitotoxin quinolinic 

acid as proved by immune histochemical study. IDO activity is raised in AD (Guillmen et al., 2005). Quinolinic acid 

has a potent neurotoxic effect. Studies showed that the involvement of quinolinic acid in many psychiatric disorders, 

neurodegenerative processes in the brain, as well as other disorders. Though the detailed mechanisms connecting 

inflammation and depression still not clear, IDO plays an important role in inflammation and depression. IDO is 

activated by Pro-inflammatory cytokines, such as interferon-γ and tumor necrosis factor-α, (Wang et al., 2010). 
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Induction of IDO leads to divert TRP metabolism, from synthesis of serotonin to the formation of neurotoxic TRP 

metabolites such as quinolinic acid, and leads to depression-like behaviors through both glutamate and serotonin 

pathways (Dantzer et al., 2008, Muller and Schwarz, 2007). 1-Methyltryptophan (1-MT), IDO antagonist, inhibits 

depression-like behaviors in LPS-challenged mice, induction of IDO paly an important role in inflammation-related 

depression. So, peripheral inflammation and depression are strongly related with each others it is necessary to 

foresee a beneficial effect of anti-inflammatory therapy on depression-like behavior. Celecoxib, a non-steroidal anti-

inflammatory drug has been recommended for the treatment of such behavior (Guo et al., 2009). IDO is a main 

therapeutic target for the treatment of above mention disease. We can overcome this problem by finding the 

inhibitors of this enzyme. Until, the best known IDO inhibitors are 1methyl D-tryptophan (Cady and Sono, 1991), ß-

Carboline (Eguchi et al., 1984). In 2006, effective nanomolar inhibitors were isolated from marine invertebrates 

extract (Brastiano et al., 2006; Pereria et al., 2006). Simultaneously new brassinin based IDO inhibitors were 

published (Banerjee et al., 2008; Gaspari et al., 2006). Many IDO inhibitors show either uncompetitive or 

noncompetitive inhibitory kinetics  that are similar to those present in phenyl imidazol (PIM) and norharman 

ligands, which are known to directly bind with haem iron and to occupy the expected TRP binding site (Kumar et 

al., 2008). In this work we have selected one structure hits of protein overly expressing in disease from PDB.  The 

binding stereochemistry of the NSAID with IDO has not yet been done. The main goal of this work is to discover 

novel IDO inhibitors by using MVD software 

 

MATERIALS AND METHODS 

 

In this study, docking of selected NSAID against IDO was carried out by MVD software. Storn and Price 

(1995) was introduced differential evolution. The scoring function of MVD depended on piecewise linear potential 

(PLP) originally introduced by Gehlhaar et al., (1998 and 1995) and modified latter by Yang and Chen , (2004) is 

extended with a new term, taking hydrogen bond directionality into account. Besides, docking accuracy is increased 

by applying a re-ranking procedure. Throughout this study 10 solutions got by 10 independent docking runs were re-

ranked. NSAID like (Phenylbutazone, Lornoxicam and Allopurinol) were selected for this study. The selected 

ligands structures were built using ChemDraw (Fig 1) software and imported to MVD workspace in ‘sdf’ format. 

All necessary valency checks and H atom addition were thus performed using the utilities provided in MVD. 

The crystal structures selected for this study is IDO complex with PIM (Fig 2) from the available crystal 

structure (July 2014). The crystal structures of IDO (PDB, ID, 2D0T) downloaded to MVD workspace from protein 

data bank (http://www.rcsb.org/pdb), under the criteria that they had a reasonable resolution (≤ 2.8 A
0
) and involved 

the non-mutated IDO enzyme in complex with ligands. The steps involved in docking included, importing the 

molecules and ligands, preparing the molecules, creating template and, docking 

 

RESULTS 

 

Table 1 shows MolDock score, re- rank score and the hydrogen bond energy of selected 3 ligands. Table 2 

shows amino acid residues present in the active site of IDO and also ligand binding amino acids. Fig. 1 shows 

selected ligand structures were built using ChemDraw software. Fig. 2 shows crystal structure of IDO (PDB, ID, 

2D0T) complex with ligand PIM is represented in ball and stick model prepared by using MVD software. Fig 3 

shows dock structure of IDO with 3 selected ligands. Ligand 1 (Phenylbutazone) bind into the active site with mole 

dock score -122.256 k cal/mol and binding site consist of amino acid residues like Gly 676, Ala 264, Leu 234, Ser 

263. Ligand Ligand 2 (Lornoxicam) bind into the active site with mole dock score -112.28 k cal/mol and binding 

site consist of amino acid residues like Ser 235, Gly 236, 261. Ligand 3 (Allopurinol) bind into the active site with 

mole dock score -84.8765 k cal/mol and binding site consist of amino acid residues like Ser 167, Ala 264, Tyr 126.  

 

Table 1. MolDock score; Rerank score and the hydrogen bond energy of the docked compounds. 

Ligand MolDockScore Rerank Score Log 

P 

MW Torsion Hba HBd HB 

Phenyl butazone 

 

-122.256 -77.7182 4.14 308 5 2 0 0 

Lornoxicam 

 

-112.28 -82.946 1.99 370 1 6 2 -4.56 

Allopurinol -84.8765 -63.9483 -1.76 137 0 5 2 -0.667 

HBa= hydrogen bond acceptor, HBd= hydrogen bond donor, MW= molecular weight 
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Table 2. Amino acids residue around active site docked against IDO. 

 

S.NO Ligand name Amino acid residues Ligand binding amino 

acid 

1 Phenyl butazone Ala 264, Leu 234, Ser 263, Ser 

235 

Gly 676 

2 Lornoxicam Ser 235, Gly 236, Gly 261, Gly 

262, Ser 263 

Ser 235 

3 Allopurinol Ala 264, Ser 263, Gly 262, Tyr 

126, Leu 234 

Ser 167, Ala 264, Tyr 

126 
Arg=arginine; Gly= glycine; Glu= glutamate; His= histidine; Leu= leucine; Phe= phenylalanine Ser=serine; Thr= threonine; 

Tyr=tyrosine;Val= valine 

 

 

Allopurinol 

O

NH

NH

N

N

 
1H-pyrazolo[3,4-d]pyrimidin-4(2H)-one 

 

 

Lornoxicam 

Cl

S

S

O O

OOH

N

H
N

N

H
3
C

 
(3E)-6-chloro-3-[hydroxy(pyridin-2-ylamino)methylene]-2-methyl-2,3-dihydro-4H-thieno[2,3-e][1,2]thiazin-4-one 

1,1-dioxide 

 

 

Phenylbutazone 

O

O
N

N

CH
3

 
4-butyl-1,2-diphenyl-pyrazolidine-3,5-dione 

 
Fig 1. Structure of NSAID selected for docking against IDO. 
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Fig 2. Structural cartoon of Indole amine 2,3-dioxygenase (PDB code 2D0T). The α helices and β strands are represented as coils 

(red) and arrows (white), respectively. PIM is represented in ball and stick. Model prepared using MVD. 

 

 

PHENYLBUTAZONE          LORNOXICAM 

 

  
 

ALLOPURINOL 

 

 
 
Fig 3. The best scored docking solution of IDO with the nine selected ligands (1-3). The cofactor haem is presented in lines with 

red color. Amino acids in the active site are presented in ball and stick with element color and ligand is presented in thick lines 

with element color (where carbon is grey, oxygen is red, nitrogen is blue and sulpher is yellow and hydrogen in white). Blue lines 

represented the hydrogen bonds in between the ligand and the active site of IDO. 
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Fig 4. Lipophilicity mapped of IDO ( color code: brown = high lipophilicity, green=medium lipophilicity and blue=high 

hydrophilicity; picture made with MOLCAD (30) and (b and c ) active site of IDO with PIM as absorbed in the X-ray crystal 

structure (PDB ID 2D0T). (Adapted from Dolusic et al., 2011). 

 

DISCUSSION 

The enzyme IDO plays a physiologically important role in the human body as it can control the levels of 

essential amino acid, L-TRP and a number of its neurotoxic metabolites. Pro inflammatory cytokines such as 

interlukin -2, interferon-gamma, or tumor necrosis factor-alpha activate IDO (Weiss et al., 1999) leads to 

depression. Depression is linked with pro-inflammatory cytokines and increased use of tryptophan by activation of 

IDO. Prostaglandin (PGE2) is a molecule of the pro inflammatory cascade. It stimulates the Interlukin-6, the 

expression of cycloxegenase-2 and as cofactor the expression of IDO.  Increased secretion of PGE2 has been 

observed in cerebral spinal fluid in serum and in saliva of depressed patient (Linnoila and Whorton, 1983) (Ohishi et 

al., 1988). It is likely that anti-inflammatory treatment is helpful in the subgroup of psychiatric patients who show 

signs of inflammation (Muller 2013).To identify IDO inhibitors for therapeutic purpose we have selected IDO 

proteins for virtual screening. For this purpose IDO was docked with the selected 3 drugs. In each docking run, the 

best poses were selected on the basis of their MVD score. 

As previously described, each compound was automated dock within the defined grid representation after 

docking a score was assigned according to the quality of fit and top ten  candidate were selected on the basis of  

exhibiting lowest predicted binding energy. These compounds were further optimized according to their energy 

minimization active side chain residue. More negative the energy score (K cal/mol) more is the binding affinity. Top 

3 ligands with their energy scores ranging from -84.8765 K cal/mol to -122.256 K cal/mol (see Table1) was yielded 

through virtual screening by using the Molegro software program. Phenyl butazone -122.256 K cal/mol, lornoxicam 

-112.28 K cal/mol, allopurinol -84.8765 K cal/mol, respectively. 

No doubt the above 3 ligand has greater binding affinity. This data also indicates that by additionally 

optimization these possible ligands can make a strong therapeutic inhibitor of IDO enzyme. After visualization IDO 

in complex with top three ligands, it was noticed that above ligand were best fitted in the cavity of receptor.  
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In the reported crystal structure of IDO, ligand PIM interacts with the haem iron, PIM binding site consist of 

amino acid residues Tyr126, Cys 129, Val 130, Phe 163, Phe 164, Ser 167, Leu234, Gly 262, Ser 263, Ala 264 and 

the haem ring (Fig 4, C). Additional hydrogen bond is possible due to side chain of Arg 231. Haem ring and Phe 

163, Phe 226, Leu 234, Ile 354 formed hydrophobic pocket (pocket B, Fig. 4) (Sogimoto et al., 2006). 

All of the selected 3 ligand when docked with IDO, they were oriented in the active site such as that it forms 

hydrogen bond with at least 3 to 4  key residues that is Ser 263, Ala 264, Gly 262, Leu 234. Allopurinol, lornoxicam 

directly bound with haem which showed the competitive inhibitors. Further optimization process can produce an 

effective therapeutic inhibitor for the IDO enzyme that can be best fitted in the cavity of receptors including the 

above mention top three ligands. It is suggested that IDO can be an important therapeutic target for the treatment of 

inflammation. Thus a better understanding of IDO biology and identification of IDO inhibitors could provide a 

rational for their therapeutic application in inflammation-related CNS diseases such as Depression and Alzheimer. 

 

CONCLUSION 

It is concluded that phenylbutazone, lornoxicam and allopurinol are possible lead molecules showing their 

highest docking score. Present results also prove that they are competitive inhibitors of IDO. 

 

ACKNOLEDGEMENT 
We thank Dean Faculty of Science for the financial support. 

 

REFERENCES 

Banerjee, T., J.B. Duhadaway, P. Gaspari, E. Sutanto-Ward, D. H. Munn, A. L. Mellor, W,P. Malachowski, G. 

C. Prendergast and A. J. Muller (2008). A key in vivo anti-tumor mechanism of action of natural 

productbasedbrassinins is inhibition of IDO. J. Oncogene, 27: 2851-2857. 

Bonda, D.J., M. Mailankot, J.G. Stone, M.R. Garrett, M. Staniszewska, R.J. Castellani,S.L. Siedlak, X. Zhu, H.G. 

Lee, G. Perry, R.H. Nagaraj and  M.A. Smith (2010). Indoleamine 2,3-dioxygenase and 3-hydroxykynurenine 

modifications are found in the neuropathology of Alzheimer's disease. Redox Rep., 15: 161-8. 

Botting, N.P. (1995). Chemistry and neurochemistry of the kynurenine pathway of TRP metabolism. J. Chemical 

Society reviews, 24: 401-412. 

Brastianos, H.C., E. Vottcro, B.O. Patrick, R.V. Socst, T. Matainaho, A.G. Mauk, and Andersen (2006). IDO 

inhibitor isolated from the marine sponge. J. Am. Chem., 128: 16046-16047. 

Brew, B.J., L. Evans, C. Byrne, L. Pemberton and L. Hurren (1996). The relationship between aid dementia 

complex and the presence of macrophage tropic and noncytium inducing isolates of human immunodeficiency 

virus type 1 in the CSF. J. Neurovirology, 2: 152-157. 

Cady, S.G. and M. Sono, (1991). 1-Methyl-dl-tryptophan, β-(3-benzofuranyl)-dl-alanine (the oxygen analog of 

tryptophan), and β-[3-benzo (b) thienyl]-dl-alanine (the sulfur analog of tryptophan) are competitive inhibitor 

for indoleamine 2-3 dioxygenase. Archive Biochemistry and Biophysics 291 (2): 326-333. 

Dantzer, R.J.C. O'Connor, G.C. Freund, R.W.  Johnson and K.W. Kelley (2008). From inflammation to sickness and 

depression: when the immune system subjugates the brain. J. Nat. rev. Neurosci., 9: 46-56. 

Dolusic, E., P.Larrieu, S. Blanc, F. Sapunaric, J. Pouyez, L. Moineaux,  D. Colette,  V. Stroobant, L. Pilotte,  D. 

Colau, T. Ferain, G. Fraser,  M. Galleni, J.M. Frere, B. Masereel, B. Van den Eynde,  J. Wouters and R. 

Frederick (2011). Discovery and preliminary SAR of Keto-indoles as novel IDO inhibitors. J. E. 

Med.Chemistry, 46: 3058-3065. 

Eguchi, N., Y. Watanabe, K. Kawanishi, Y. Hashimoto  and O. ,Hayaishi (1984). Inhibition of IDO and TDO by 

beta carboline and indolederivatives. J.Arch. Biochem Biophys., 232: 602-609. 

Gaspari, T., W.P. Banerjee, A.J.  Malachowski, G.C. Muller, J. Prendergast, Du Hadaway, S.  Bennetteand and 

A.M. Donovan (2006). Structure-activity study of brassinin derivatives as IDO.J. Med. Chem., 49: 684-692.  

Gehlhaar, D. K., G. Verkhivker, P.A. Rejto, D.B. Fogel, L.J. Fogel, and S.T. Freer (1995). Docking 

conformationally flexible small molecules into a protein binding site through evolutionary programming. 

Proceedings of the Fourth International Conference on evolutionary programming. Pp.615-627. 

Gehlhaar, D.K., D. Bouzida and P.A. Rejto (1998). Fully automated and rapid Flexible docking of inhibitors 

covalently bound to serine proteases. Proceedings of the Seventh international conference on evolutionary 

Programming. Pp.449-461. 

Guillemin, G.J., S.J. Kerr and B. J. Brew (2005). Involvement of quinolinic acid in AIDS dementiacomplex. J. 

Neurotox. Res., 7: 103-23. 



DOCKING STUDIES OF NON STEOIDAL DRUGS   527 

 

INTERNATIONAL JOURNAL OF BIOLOGY AND BIOTECHNOLOGY 12 (4): 521-527, 2015. 

Guo,J.Y., C.Y. Li , Y.P. Ruan, M. Sun, X.L. Qi, B.S. Zhao and F. Luo (200). Chronic treatment with celecoxib 

reverses chronic unpredictable stress-induced depressive like behavior via reducing cycloxegenase-2 expression 

in rat brain. J. Eur. Pharmacol., 612: 54-60. 

Hideki, M., O. Norio, S. Makoto, I. Kenichi, O. Tatsuro and N. Toshiaru (2008). Alink between stress and 

depression. Shifts in balance between the kynurenine and serotonin pathways of TRP metabolism and the 

etiology and pathophysiology of depression. J. Stress, 11: 198-209. 

Kumar S, W.P. Malachowski, J.B. DUHadaway, J.M. Lalonde, P.J. Caroll, D. Jaller, R. Metz, G.C. Prenderqast and 

A.J. Muller (2008). IDO is the anticancer target for a novel series of potentnaphtaquinone-based inhibitors. 

J.Med. Chem., 51:1706-1718. 

Linnoila, M., and A.R. Whorton (1983). CSF prostaglandin levels in depressed and schizopherenic patients. Arc Gen 

Psychiatry., 40: 405-406. 

Muller, N. and M.J. Schwarz (2007). The immune-mediated alteration of serotonin and glutamate: towards an 

integrated view of depression. J. Mol. Psychiatry. 12: 988-1000. 

Ohishi, K., R.Ueno and S. Nishino (1988). Increased level of salivary PG in patients with major depression. J. Biol. 

Psychiatry., 23: 326-334. 

Okuda, S., N. Nishiyama, H. Saito and H. Katsuki (1996). Hydrogen peroxide-mediated neuronal cell death induced 

by an endogenous neurotoxin, 3-hydroxykynurenine. Proceedings of the National Academy of Science, 93: 

12553-12558. 

Ozaki, Y., M.P. Edelstein and D.S. Duch (1987). The actions of interferon and anti-inflammatory agents of 

induction of indoleamine 2,3-dioxygenase in human peripheral blood monocytes. J. Biochem Biophys Res 

Commun., 144: 1147–1153. 

Pereira, A., E. Vottero, M. Roberge, A.G. Mauk and R.J. Andersen (2006). IDO inhibitors from the northeastern 

pacific marine hydroid carveiaannulata.  J. Nat. Prod., 69: 1496-1499. 

Sanni, L.A., S.R. Thomas, B.N. Tattam, D.E. Moore , G. Chaudhri, R. Stocker and N.H., Hunt  (1998). Dramatic 

changes in oxidative tryptophan metabolism along the kynurenin pathway in experimental cerebral and 

noncerebral malaria .A. J. Pathology., 152: 611-619. 

Sardar ,A.M. and G.P. Reynolds  (1995). Frontal cortex IDO activity is increased in HIV-1 associated dementia. J. 

Neuroscience Letters, 187: 9-12. 

Sogimoto, H., S.  Oda, T. Otsuki, T. Hino , T. Yoshida and Y. Shiro (2006). Crystal structure of human IDO . 

Catalytic mechanism of oxygen incorporation by heme-containing dioxygenas. Proc. Nat. Acad. Sci. USA., 103 

(8): 2611-2616. 

Song, C.A. Lin, S. Bonaccorso, C. Heide, R. Verkerk, G. Kenis, E. Bosmans, S. Scharpes, A. Whelan, P. Cosyns, R. 

de Jongh and M. Maes  (1998). The inflammatory response system and the availability of plasma tryptophan in 

patients with primary sleep disorders and major depression. J. Affect. Disord., 49: 211-219. 

Storn, R. and K. Price (1995).Differential evolution - A simple and efficient adaptive scheme for global optimization 

over continuous spaces. Tech-report, International Computer Science Institute, Berkley. 

Taniguchi ,T., M. Sono, F. Hirata and O. Hayaishi (1979). IDO. Kinetic studies on the binding of superoxide anion 

and molecular oxygen to enzyme. J. Biol. Chem., 254: 3288-3294. 

Wang, Y., M.A. Lawson, R. Dantzerand K.W. Kelley (2010). LPS-induced IDO is regulated in an interferon-

gamma-independent manner by a JNK sibnaling pathway in primary murine microglia. J. Brain Behav Immun., 

24: 201-9. 

Weiss, G.,C. Murr , H. Zoller, M. Haun, B. Winder, C. Ludescher and  D. Fuchs   (1999). Modulation of neopterin 

formation and TRP degradation by Th1 and Th2 derived cytokines in humanmonocytic cells. Clin. Exp. 

Immunol., 116: 435-440. 

Winder, B., M. Ledochowski and D. Fuchs (2000). INFγ induced tryptophan degradation: Neuropsychiatric and 

immunological consequence. J. Current drug metabolism., 1: 193-204. 

Winder,B., F. Leblhuber, J. Walli,G.P., Tilz, U. Demel and D. Fuchs  (1999). Degradation of tryptophan in 

neurodegenerative disorders. J. Advances in Experimental Medicine and Biology, 467: 133-138.  

Yang, J.M. and C.C. Chen (2004). GEMDOCK: A generic evolutionary method for molecular docking. Proteins, 

55: 288-304. 

Yu, D., B.B. Tao, Y.Y. Yang, L.S.  Du, S.S. Yang, X.J. He, Y.W.  Zhu, J.K. Yan and Q. Yang (2015). The IDO 

inhibitor coptisine ameliorates cognitive impairment in a mouse model of Alzheimer's disease. J Alzheimers 

Dis., 43: 291-302. 

(Accepted for publication August 2015)  


