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ABSTRACT

Many chronic inflammatory reactions are characterized by tissue infiltration of activated T-
lymphocytes. The immunosuppressant activity of NSAIDs correlates with their ability to block
transcription factors required for the expression of inducible response genes triggered by T-cell
antigen receptor (TCR) following encounter with antigens including NF-KB, NF-AT and
activated protein 1.The present work explores mechanism of NSAIDs involved in macrophage
and T-cel mediated inflammatory response. Oxime derivative of ibuprofenamide was
synthesized and evaluated for T-cell and B-cell proliferation activity (MTT assay) at
concentrations ranging from 10-1000 wg/well. Results indicate suppression of the T-cell
proliferation and stimulation of B-cell mitogen LPS.
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INTRODUCTION

Inflammation is a complex stereotypical reactiorthed body expressing the response to damage
of its cells and vascularised tissues. With inflaation, white blood cells are released to protect
the body from injury [1]. These white blood cellsvie chemicals within them that, when leaked,
induce swelling. The most common immune-derived tgle associated with tissue injury,
however, is the macrophage which is responsibléiferremoval of dead tissue and debris by
phagocytosis, lipid recycling and secretion of alevirange of cytokines. This release of
cytokines and growth factors cause inflammatiotheftissue [2].

Some types of chronic inflammatory reactions arstasoed by immune (hypersensitivity)
reactions, and these are characterized by tisdilteaition by activated T-lymphocytes [3]. The
cells of the immune system are widely distribute@aghout the body, but when an infection or
tissue damage occurs they concentrate at thefsi@noage.
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The adaptive immunity mount more slow but focusedponse mechanism that require the
recognition of specific molecular structures andegation of large number of antigen receptors,
i.e. T-cell receptors and immunoglobulins, by saomatarrangement processes in blast cells.
When T-cells recognise a foreign antigen presetitem, they attack the antigen bearing cell by
cytotoxic T-cells, stimulating the antibody prodoat by B-cells and induction of local
inflammatory response [4B cells and T cells are the major types of lymphesyand are
derived from hematopoietic stem cells in the boragrow. B cells are lymphocytes that play a
large role in the humoral immune response (as @gapts the cell-mediated immune response,
which is governed by T cells). The principal fuocis of B cells are to make antibodies against
antigens, perform the role of Antigen PresentindlISCEAPCs) and eventually develop into
memory B cells after activation by antigen intei@tt B cells are an essential component of the
adaptive immune system.

Both B cells and T cells carry receptor moleculkat trecognize specific targets. T cells
recognize a “non-self’ target, such as a pathogetfy, after antigens (small fragments of the
pathogen) have been processed and presented innatiob with a “self” receptor called a
major histocompatibility complex (MHC) molecule. bontrast, the B cell antigen-specific
receptor is an antibody molecule on the B cellaxef and recognizes whole pathogens without
any need for antigen processing. Each lineage o&lBexpresses a different antibody, so the
complete set of B cell antigen receptors represdhtthe antibodies that the body can
manufacture. The ultimate role of B-cell lymphosytduring inflammatory disorders is to
produce antibodies, the effectors molecules of themoral immune system [5]The
immunosuppressant activity of NSAIDs correlateswiiteir ability to block transcription factors
required for the expression of inducible responseeg triggered by T-cell antigen receptor
(TCR) following encounter with antigens, includiNg-KB, NF-AT and activated protein 1 [6].

A common strategy in pharmaceutical research iresthe use of well-established drugs as lead
compounds to design new drug candidates with imgadherapeutic properties. The prodrugs
show comparable anti-inflammatory activity and é&sslcerogenicity in comparison to the
parent drug [7]. The free carboxylic acid group found in NSAIDs Isuzs flurbiprofen and
ibuprofen forms critical interactions with residuasy-120, Glu-524, and Tyr-355 within the
cyclooxygenase active site [8]. The masking ofibhuprofen-free carboxylic group seems to be
principally the basis of this reduced topical ant action [9]. Ibuprofeifl) has been modified
into various heterocyclic amide derivatives havimgproved analgesic activity and lower
ulcerogenic effects [10]. Aminoprofed{(B-hydroxy ethyl)-dl-2-(4'-isobutyl phenyl)
propionamide] (2) an amide derivative of ibuprofen has been used it®rtopical anti-
inflammatory activity which also metabolises inboprofen [11].

CH,OH

OH N
~
O 0
@ @

Schlegel and co-workers have reported the synthasi evaluation of anti-inflammatory and
anti-ulcer activity of several bulky amine analogud ketoprofen. It was found that activity was
maintained on conversion of the keto group to ox{®g12]. Oxime derivatives of nabemutone
and ketoprofen have been synthesized as cytochR#B6-selective prodrugs, and nabemutone
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oxime has been found to possess anti-inflammatotiviy. Also the oxime derivetives of
various fenamates have shown to be inhibitors o$taglandin biosynthesis. 2-[(2,6-dichloro-3-
methylphenyl)amino] benzaldehyde-O-carboxymethylimex (4) inhibit the prostaglandin
biosynthesis particularly the induced prostaglareidoperoxide H synthase [13].

o AN
NOH N
@
(J :
©) (4)
Thus, it was considered of interest to synthess®d study oxime derivatives of

Ibuprofenamides. The study was planned to explbesmechanism of NSAIDs involved in
macrophage and T-cell mediated inflammatory resp¢NI T assay).

COOH

MATERIALSAND METHODS

Chemicals and Reagents

All chemicals and reagents were obtained from SriBe-Chem Ltd., E. Merck (India) limited,
Sigma-Aldrich and Loba Chemie. Plates for thin lageromatography (TLC) were prepared
with silica gel G and activated at 1°@for 30 min. Infrared (IR) spectra were obtaineithw
Perkin Elmer 882 Spectrum and RXI, FT-IR model gse potassium bromide pellets.
Elemental analyses were carried out on a PerkineE400 CHN elemental analyzéH-
NMR and**C-NMR spectra were recorded with FT NMR Avance-tuBker AC-400F (400
MHz) spectrometers at Regional Sophisticated Instntation Centre, Panjab University,
Chandigarh using tetramethylsilane (TMS) as intestandard. The spin multiplicities are
indicated by the symbols:(singlet),d (doublet),t (triplet), q (quartet),dd (double doublet),
m (multiplet) andbs (broad singlet).Melting points were determined \éeego-540 melting
point apparatus and are uncorrected.

Chemistry

Ibuprofen obtained commercially was first converiatb its acid chloride by conventional
method using thionyl chloride to yield 2-(4-Isoblyphenyl)-propionyl chloride which was then
converted to ibuprofenamidey treatment with 4-aminoacetophenone [14,1&)profenamide
was then treated with hydroxylamine hydrochloricel &odium acetate in ethanol to get the
desired oxime derivative [16] of ibuprofenamide egivin scheme 1. The structures of the
synthesized compounds were confirmed by elememntalysis and spectral techniques such as
FT-IR, '"H-NMR and"*C-NMR.

Experimental Procedures:

2-(4-1sobutyl-phenyl)-propionyl chloride (A)

Ibuprofen (1) (2.06 g, 0.01 mol) was stirred with freshly distl thionyl chloride (5.95
mL,0.05mol) for 8 hr. Thionyl chloride was removedder reduced pressure to get 2-(4-
isobutyl-phenyl)-propionyl chloride.
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Scheme 1

2-(4-1 sobutyl-phenyl)-N-(4-acetyl-phenyl)-propionamide (B)

To a mixture of 4-aminoacetophenone (1.35 g, 0.6) and pyridine (2.0 mL) in acetone (25.0
mL) maintained at -1 was added with stirring a solution of 2-(4-isbiyphenyl)-propionyl
chloride(A) (2.25 g, 0.01 mol) in acetone (25.0 mL) over dqueof 1 hr. The reaction mixture
was stirred for 8 hr and poured into crushed idee fiesidue obtained was filtered, dissolved in
chloroform (100.0 mL), washed with 5% hydrochloacid (3 x 50.0 mL), 5% sodium
bicarbonate (3 x 50.0 mL) and finally with brindwugmn (2 x 25.0 mL). The organic layer was
filtered, dried and crystallised from ethanol tat @e(4-isobutyl-phenyl)N-(4-acetyl-phenyl)-
propionamide(B) (2.30 g, 71.21 % Yield); m.p. 81-83° C; IR (KBr)350, 3027, 2955, 1700,
1664, 1595, 1270 and 834 ¢ntH NMR (CDCh): 6 0.91 @, 6H,J = 6.7 Hz, -CH(®3),), 1.59
(d, 3H,J= 7.1 Hz, -CH®3), 1.86 (n, 1H, -CH(CH3),), 2.47 ¢, 2H,J= 7.1 Hz, Ar-CH,-), 2.54
(s, 3H, Ar-COMs), 3.67 €, 1H,J = 7.1 Hz, -GHCHs), 7.16 ¢, 2H, Ar-H), 7.26 ¢, 2H,J = 8.1
Hz, Ar-H), 7.35 ps, 1H, -CONH-, Exchangeable with 1), 7.53 ¢, 2H, Ar-H) and 7.89d, 2H,
Ar-H) ;**C NMR (CDCE): & 18.42 (-CHCH3), 22.41 (-CHCHa),), 26.44 (CH(CHs),), 30.20
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(Ar-COCHy3), 45.05 (CHCHs), 47.86 (ArCHy-), 118.86 (2 x 2° AG), 127.41 (2 x 2° AG),
129.69 (2 x 2° AI€), 129.96 (2 x 2° AG), 133.81 (1 x 3° AE), 135.44 (1 x 3° AG), 138.23
(1 x 3° ArC), 141.08 (1 x 3° AE), 173.10 (-NHCO-) and 197.13 (A€OCHs) :Calcd. for
CaiH2sNO, : N, 4.33. Found: N, 4.14

2-(4-1 sobutyl-phenyl)-N-[4-(1-hydroxyimino-ethyl)-phenyl]-propionamide (C)

A solution of 2-(4-isobutyl-phenylN-(4-acetyl-phenyl)-propionamid@) (1.62 g, 0.005 mol),
hydroxylamine hydrochloride (0.69 g, 0.01 mol) aadlium acetate trihydrate (1.36 g, 0.01 mol)
in 25.0 mL ethanol was stirred and refluxed forr4dooled and added to the crushed ice. The
precipitated oxime was filtered, dried and crystall from ethanol to get 2-(4-Isobutyl-phenyl)-
N-[4-(1-hydroxyimino-ethyl)-phenyl]-propionamid€) (1.45 g, 86.83 % yield); m.p. 143-145°
C:IR (KBr): 3345, 3035, 2954, 1661, 1592, 1521 8ad cm';*H NMR (CDCLk): 5 0.89 (, 6H,
J= 6.7 Hz, -CH(®3),), 1.52 €1, 3H,J = 7.1 Hz, -CH®3), 1.86 (n, 1H, -CH(CHz),), 2.20 §,
3H, Ar-C(=NOH)H53), 2.44 €1, 2H,J = 7.2 Hz, Ar-(H»-), 3.79 €, 1H,J = 7.1 Hz, -CGHCHy),
7.10 @, 2H,J = 8.0 Hz, ArH), 7.32 ¢, 2H, , ArH), 7.54-7.61 (fusedd, 4H, ArH), 7.35 ps,
1H, Ar-C(=NCH)CHjs, Exchangeable with @), and 7.55l4s, 1H, -CONH-, Exchangeable with
D,0) ; **C NMR (CDCE): & 11.27 (Ar-C(=NOHETHSs), 18.42 (-CHCH3), 21.93 (-CHCHs),),
29.66 (CH(CHz3),), 44.50 (€CHCHg), 46.41 (ArCH»-), 118.96 (2 x 2° A€), 125.80 (2 x 2° Ar-
C), 126.77 (2 x 2° AEG), 128.90 (2 x 2° AE), 131.96 (1 x 3° AE), 138.35 (1 x 3° AGC),
138.91 (1 x 3° AI€), 139.89(1 x 3° A€), 153.41 (Ar€(=NOH)CHg) and 172.71 (-NBO-) ;
Calcd. for GiH26N02: C, 74.52; H, 7.74; N, 8.28. Found: C, 74.11; K577 N, 7.95.

Evaluation

In vitro Spleen Cell Proliferation Activity

Measurement of cell viability and proliferation flos the basis for numerous in vitro assays of a
cell population’s response to external factors. féduction of tetrazolium salts is now widely
accepted as a reliable way to examine cell pralifen. The yellow tetrazolium MTT (3-(4, 5-
dimethylthiazolyl-2)-2, 5-diphenyltetrazolium broae) is reduced by metabolically active cells,
in part by the action of dehydrogenase enzymegemerate reducing equivalents such as NADH
and NADPH. The resulting intracellular purple fomaa can be solubilized and quantified by
spectrophotometric means. The MTT Cell Proliferatssay measures the cell proliferation rate
and conversely, when metabolic events lead to ag@ptor necrosis, the reduction in cell
viability. The MTT Reagent yields low backgroundsatbance values in the absence of cells.
For each cell type the linear relationship betweslhnumber and signal produced is established,
thus allowing an accurate quantification of changdse rate of cell proliferation [17].

MTT assay procedure

Balb/c Spleenocytes (single cell suspension) wegpgred by disrupting the spleen between the
glass slides in complete medium (RPMI 1640 with 1B&%al bovine serum, 1% penicillin-
streptomycin) [18]. After 10 min centrifugation 2000 rpm to separate cells from debris, the
cells were washed in RPMI medium, followed by lysfserythrocytes using Tris ammonium
chloride reagent. Spleenocytes 1 ¥ t@lls/ml were plated in 96 well plate in RPMI 064
containing fetal bovine serum in presence or mteseof T-cell stimulator Con-&2.5ug/well)
and in presence or absence of B-cell stimulator (FRg/well). The assays were based on the
cellular conversion of tetrazolium bromide alsdedIMTT {3-(4, 5-dimethylthiazol-2-yl)-5-(3-
carboxymethoxyphenyl)-2H-tetrazolium} bromide irdcformazan product in the tissue culture
medium that can be measured at 540nm [19]. Bothetstecompound and the control were used
in three concentrations and placed in three weldsgaed respectively to both test and control.
The final data was calculated as mean of two erpatis.
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RESULTSAND DISCUSSION

Novel oxime derivative of ibuprofenamide was suesbdty synthesized using conventional

method and characterised using various spectriahigges which was then further evaluated for
theirin vitro spleen cell proliferation activity using MTT assdye whole assay was performed
on three groups: control, standard (betamethasané)test at three different concentrations
ranging from 10-100Qg/well. The results of MTT assay are given below @ble 1.

Treatment Unstimulated Stimulated % Stimulated %

(UG/well) cells cellsCon-A Change cellsLPS Change
Control 0.646+0.03 | 0.89& 0.08 38 1.170+ 0.18 81.2
Cells + BMS* (1000) 0.415+ 0.046 | 0.280+ 0.019 -68.5. 0.645+ 0.036 | -44.87
Cells + BMS (100) 0.297+ 0.017 | 0.242+ 0.02 -72.8, 1.538+ 0.290 31.4
Cells + BMS (10) 0.264+ 0.066 | 0.213+0.002 | -76.06. | 1.319+0.019 12.73
Cells + Compound C (1000) 0.660+ 0.04 | 0.3265+0.016 | -63.3L | 0.286+0.052 | -75.55
Cells + Compound C (100) [ 0.211+0.02 | 0.213+0.014 | -76.06. | 1.463+0.159 25.04
Cells + Compound C (10) [ 0.201+0.02 | 0.232+0.02 -73.93 | 1.986+0.186 69.74

* Betamethasone was used as a positive control in concentration ranging from 1000 to 10.g/well. A minimum of
50% stimulation/inhibition is taken as the +ve and acceptable stimulation/inhibition

[Table1]

Result of spleen cell proliferation indicates tltae oxime derivative showed promising
immunomodulatory effects on T-cell and B-cell piedation. From the table the absorbance
values that are lower than the control cells indica reduction in the rate of cell proliferation.
Conversely a higher absorbance rate indicates aredse in cell proliferation. Rarely, an
increase in proliferation may be offset by celltie@vidence of cell death may be inferred from
morphological change#s indicted in the tablegxime derivative of ibuprofenamide was more
significant at 1Qg (69.74) in responsiveness of murine splenocytes to Bragtigen LPS, and
100 pg (-76.08) in suppressing the T cell activity in presence @bn-A. The above
observations indicate the potential of oxime deneaof ibuprofenamide to suppress the T cell
activity and stimulate B cell mitogen LPS and hemesulted in having immunomodulating
potential. The results obtained above can be fuekplored for the design of compounds with
immunomodulating behaviour for the treatment olamfimation.

Acknowledgement
Financial support from Council of Scientific anddustrial Research, New Delhi, (India) is
highly acknowledged.

REFERENCES

[1] M. Fitzgerald Br. J. Anaesth. , 1995, 75, 177.
[2] P.D. Wall,Br. J. Anaesth. , 1995, 75, 123.
[3] I.LA Schrijver, M.J. Melief, H.M. Markussel, I.V. A&, G. Opdenakker, P. Hazenberg, J.D.
Laman ,Rheumatology , 2001, 40 , 438.
[4] P. Libby,Nutrition Reviews, 2007, 65, 140.
402

www.scholarsresearchlibrary.com



Manoj Kumar et al Der Pharma Chemica, 2010, 2 (4): 397-403

[5] D.V. Ostanin , K.P.Pavlick , S. Bharwani, D. D'SauzK.L. Furr , C.M. Brown , M.B.
Grisham Am.J. Physiol. Gastrointest. Liv. Physiol., 2006, 290, G109.

[6] S. Fiorucci, L. Santucci , G. Cirino , A. MencéireL. Familiari , P.D. Soldato , A. Morelli ,
J. Immunol., 2000, 165 , 5245.

[7] D. Picot, P.J. Loll, R.M. Garavit®Nature (London), 1994, 367, 243.

[8] R.G. Kurumbail , A.M. Stevens, J.K. Gierse, J.J.0doald, R.A. Stegeman, J.Y. Pak, D.
Gildehaus, J.M. lyashiro, T.D. Penning, K. Siebd?tC Isakson, W.C. Stallings, Nature
(London), 1996 , 384 , 644.

[9] B.S. Selinsky, K. Gupta, C.T. Sharkey, P.J. LBihchemistry, 2001, 40, 5172.

[L0]M.T. Cocco, C. Congiu, V. Onnis., M. Morelli, O. dg Eur. J. Med. Chem.,2003, 38 , 513.
[11]J.Sabater, A. Boleda, J. Lauroba, J. Domen@ah E. Ind. Farm., 1984, 3, 273.

[12]D.C. Schlegel, B.L. Zenitz, C.A. Fellows, S.C. Lasiski, D.C. Behn, D.K. Philips, I.
Botton, P.T Speight,]. Med. Chem, 1984, 27, 1682.

[13]C.D.W. Brooks, T. Kolasa, W. Lee, A.O. StewaftS Patent Appl. 5840758,1999

[14] C.A.G.N. Montalbetti, V. Falqudietrahedron, 2005, 61, 10827.

[15]N. Mehta, S. Aggarwal, S. Thareja, P. Malla, M. MisT.R. Bhardwaj, M. Kumaint. J.
Chem. Tech. Res., 2010, 2, 233.

[16]G.H. Posner, B.A. Halford, S. Peleg, P. Dolan, TK¢nsler,J. Med. Chem., 2002, 45,
1723.

[17]J.Carmichael, W.G. DeGraff, A.F., Gazdar, J.D. Mind.B. Mitchell,Cancer Research
,1987 , 47, 936.

[18]L.H. Mendoza, J.L., Molinari, E.Garrido, | Cortes,S.E. Miranda, P.Tat®arasitol. Res.,
2005, 95, 256.

[19]V.P. Vyavahare, C. Chakraborty, B.Maity, S Chattiipay, V.G Puranik, D.D. Dhaval@,
Med. Chem., 2007 , 50, 5519.

403

www.scholarsresearchlibrary.com



