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Abstract 

The aim of this research in to investigate the anticytokine activities of the 2-[(2-nitro-l-
phenylpropyl)thio]benzoic acid (1), 2-[(2-nitro-l-phenylethyl)thiomethyl]benzimidazole (2) and 2-[(2-
nitro-l-phenylpropyl)thiomethyl]benzimidazole (3) derivatives in human primary cells and cell lines. 
Cytokines are messengers for the regulation of the inflammatory cascades with Tumor Necrosis Factor-a 
(TNF-a), Interleukin (IL-1J3, IL-2, IL-4 and IL-8), Gamma Interferon (IFN-y) working synergistically. 
In this study which is performed in cell assay, inhibition capacity of compound 1, 2 and 3 derivatives 
againts TNF-a, IL-J3, IL-8, IL-2, IL-4 and IFN-y production by human whole blood have been measured . 
The test results were shown that 1, 2 and 3 derivatives have dose-dependent inhibitions on the release of 
IL-lfi, IL-8 and TNF-a in lipopolysaccharide (LPS) stimulated human whole blood and IL-2, IL-4 and 
IFN-y in phorbolacetate (PHA) stimulated in human whole blood. 
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Bazı Michael Tipi Katım Ürünlerinin Değişik Sitokinler Üzerinde Etkileri 

Bu gahsmamn amacı 2-[(2-nitro-l-fenilpropil)tiyo]benzoik asit (1), 2-[(2-nitro-l-feniletil)tiyometil] 
benzimidazol (2) ve 2-[(2-nitro-l-fenilpropil)tiyometil]benzimidazol (3) tiirevlerinin antisitokin 
aktivitelerinin insan primer hücrelerinde ve Mere hatlarmda araştinlmasıdır. Sitokinler inflamatuar 
basamaklarm oluşumunda Tümör Nekrozis Faktör-a (TNF-a), Interlökin (IL-lfi, IL-2, IL-4 ve IL-8), 
Gama interferon (IFN-y) He beraber çalisan habercilerdir. Hücre kültüründe yapılan bu çalismada 
bileşik 1, 2 ve 3 tiirevlerinin insan tarn kanı tarafından üretilen TNF-a, IL-J3, IL-8, IL-2, IL-4 ve IFN-y 
üzerindeki inhibisyon kapasiteleri ölgulmustür. Test sonuglan 1, 2 ve 3 tiirevlerinin lipopolisakkarit 
(LPS) He uyanlmis insan turn kanında IL-1J3, IL-8 ve TNF-a ve forbolasetat (PHA) He uyanlmis insan 
tiim kanında IL-2, IL-4 ve IFN-y salimmında doza bagimh inhibisyona sahip olduklarim göstermiştir. 

Anahtar kelimeler: Antisitokin ajanlar, Tiyobenzoik asit, Tiyometilbenzimidazol, TNF-a 
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INTRODUCTION 

Chronic inflammatory diseases such as rheumatoid arthritis (RA) and inflammatory bowel 
diseases affecting millions people worldwide (1). It is now clear that inflammatory cytokines, 
such as interleukine-1(IL-1) and tumor necrosis factor-α (TNF-α) play an important role in these 
diseases (2). There is over expression of this cytokine at both protein and RNA levels in 
immune-mediated inflammatory diseases including RA and other inflammatory arthritides (3), 
Crohn’s disease (4), multiple sclerosis (5), ankylosing spondylitis (6, 7), sistemic lupus 
erythematosus (8, 9), insulin-dependent diabetes mellitus (10, 11), psoriasis (12) and 
autoimmune myocarditis (13,14). The inhibition of TNF-α and IL-1 presents a useful 
therapeutic strategy to suppress the inflammation and prevent joint damage caused by RA, as 
shown by the newer biologic therapies for RA (etanercept, infliximab, and adalimumab and 
anakinra) that target these cytokines (15). Part of the impetus to develop new treatments has 
been a growing dissatisfaction with the currently available ones (16). 

Traditional drugs treat only disease symptoms, rather than their root causes and typically 
slow but do not prevent disease progression (17). For example, nonsteroidal anti-inflammatory 
drugs (NSAIDs) are the most common treatment for RA patients, but these compounds do little 
or nothing to prevent ongoing destruction of cartilage and bone (18-20). The more powerful 
disease modifying antirheumatic drugs, such as methorexate and corticosteroids, may help 
ameliorate the symptoms RA, but rarely induce sustained remission and can have toxicities that 
prevent their long-term use (16, 21-24). Therefore inhibition of the over production of 
inflammatory mediators is an important therapeutic goal for anti-inflammatory drug 
development. 

In the past few years our knowledge about the molecular basis of inflammation have been 
uncovered and now much is known about the primary role of pro-inflammatory cytokines such 
as IL-1 and TNF-α. In the early ’90s anti-cytokine therapies have revealed to be highly effective 
in reducing the local and systemic inflammation in patients with RA, Crohn’s Disease and 
psoriasis (25). The inhibition of cytokines in particular TNF-α has been successful in several 
clinical trials for the treatment of these diseases and conditions (26). 

The clinical success of TNF-α soluble receptor etanercept (Enbrel®) and TNF-α monoclonal 
antibodies infliximab (Remicade®) and adalimumab (Humira®) has validated TNF as a target 
for the treatment of inflammatory diseases (27). As these biological drugs have shown that the 
lowering of pro-inflammatory cytokine levels is valid treatment for RA patients (28). Modern 
small-molecule approaches to the treatment of RA have targeted cell signaling systems, in 
particular the inhibition of the p38α mitogen-activated protein (MAP) kinase cell-signaling 
pathway (29). Inhibition of p38 kinase is thus an attractive approach to the treatment of both 
pain and inflammation in RA patients (30). 

A number of small molecules lead to reduced cytokine levels in vitro and in vivo by the 
inhibition of key enzymes involved in the biosynthesis of TNF-α and IL-1ß. Inhibitors of the 
p38α MAP kinase (31) through their downstream blockage of the production of TNF-α, IL-1ß, 
IL-6, cyclooxygenase-2, and arachidonic acid mobilization (32) also have tremendous 
therapeutic potential. Over the past decade, the pursuit of p38α MAP kinase inhibitors has 
received an extraordinary level of attention in the medicinal chemistry (33). 

Pyridylimidazoles such as the prototypic SB203580 (4) are significantly inhibited in a 
competitive manner by synthetic compound derived from the first generation anticytokine 
agents. But other structural series have been reported (34). 
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Numerous benzimidazole derivatives were prepared as small molecular anticytokine agents 
and drug candidates for the treatment of chronic inflammatory diseases. For example, synthesis 
and in vitro p38α inhibitor activity of novel series of benzimidazolone is described (35). Various 
imidazole analogues of benzimidazolone (5) showed potent p38α inhibitor activity comparable 
to that of several previously reported p38 inhibitors is observed for this novel chemotype. 

Recently, potent and selective 2-aminobenzimidazole-based p38α MAP kinase inhibitors 
have been reported (36). Results show that activity obtained for these aminobenzimidazoles (6) 
in inflammation and histopathology scores compares favorably with that of other advanced 
molecules in clinical development. 
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Furthermore, pyridinoylbenzimidazole derivatives were synthesized and evaluated in vitro as 
p38a inhibitors and in vivo several models of RA. Oral activity was found to depend upon 
substitution. Pyridinoyl-5-methoxybenzimidazole (7) derivative have been shown highest 
efficacy and selectivity (36). 

In the light of these results, we studied herein anticytokine activity of 2-[(2-nitro-1-
phenylethyl)thio]benzoic acid 1, 2-[(2-nitro-1-phenylethyl)thiomethyl]benzimidazole 2 and 2-
[(2-nitro-1-phenylpropyl)thiomethyl]benzimidazole 3 derivatives that are structurally related to 
the small molecule cytokine inhibitors. Anticytokine activity of 1, 2 and 3 derivatives were 
tested on TNF-a, IL-1ß, IL-8, IL-2, IL-4, IFN-y production by human whole blood. Synthesis 
and detailed structure analysis of these compounds have been published in our previous papers 
(37-39). Also antimicrobial activity of compounds 1, 2, and 3 derivatives were investigated in 
recent studies (40, 41). The title compounds which their anticytokine activities have been 
investigated in human primary cells and cell lines in this study, are listed Table 1. 
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Table 1. Synthesized 2-[(2-nitro-1-phenylethyl)thio]benzoic acid 1, 2-[(2-nitro-1-phenylethyl) 
thiomethyl]benzimidazole 2 and 2-[(2-nitro-1-phenylpropyl)thiomethyl]benzimidazole 3 
derivatives. 

CHCH2N02 

COOH 

la-f 

^ CH2S 
H 
C 

R i 

N02 

R t= H 2a-d 

Rx= CH3 3a-h 

Compound R Ri 
la Br 
lb Cl 
lc CH2CH3 
Id OCH2CH3 
le OCH3 
If N02 
2a Br H 
2b Cl H 
2c OCH2CH3 H 
2d OCH3 H 
3a H CH3 
3b Br CH3 
3c Cl CH3 
3d CH2CH3 CH3 
3e OCH2CH3 CH3 
3f OCH3 CH3 

3g N(CH3)2 CH3 
3h N02 CH3 

MATERIAL AND METHODS 

Chemistry 
The derivatives of p-nitrostyrene and p-methyl-p-nitrostyrene were synthesized according to 

the literature method (42, 43). The addition products of 1 derivative have been synthesized by 

R 

S N 

56 



Turk J. Pharm. Sci. 8 (1), 53-62, 2011 

addition of thiosalisilic acid to the double bound of p-nitrostyrene derivatives. Another addition 
products of 2 and 3 derivatives have been synthesized by addition of 2-
mercaptomethylbenzimidazole to the double bound of P-nitrostyrene or p-methyl-p-nitrostyrene 
derivatives (37-39). 

In vitro cell assay methods 
Cytokine inhibitory effects of compound 1, 2 and 3 derivatives were studied by using 

peripheral whole blood samples obtained from healthy volunteer and commercially available 
Enzyme Linked Immunosorbent Assay kits (ELISA). Concentrations of IL-2, IL-4 and IFN-y 
after phorbolacetate (PHA) stimulation were given in Table 2. Also concentrations and 
inhibition rates of IL-1p, IL-8 and TNF-ot after lipopolysaccharide (LPS) stimulation were 
shown in Table 3. Prednisolone (0.03 ug/ml) was used as reference drug. 

Peripheral whole-blood cultures 
One ml of whole blood collected from the healthy volunteer was collected in a heparinized 

(20 U/ml) tube. 0.1 ml of the heparinized blood was transferred in a 24-well multicluster plate 
and added 1.0 ml RPMI-1640 medium into each well and incubated at 37 °C for 24 h in the 
absence or presence of 3 ug/ml of 0.01 ul LPS or 10 ug/ml PHA. The culture supernatants were 
then mixed with PBS/0.05% thiomersal at the ratio of 1:2 and were assayed using the spesific 
ELISA method for TNF-a, IL-1ß, IL-8, IL-2, IL-4 and IFN-y (Otsuka Pharmaceutical Co., Ltd, 
Japan). 

Measurement of the effects on cytokine biosynthesis 
The activities of TNF-a, IL-1ß, IL-8, IL-2, IL-4 and IFN-y were investigated in peripheral 

whole blood collected from healthy volunteers as previously described by Yeşilada et al (44). 
Briefly, heparinized peripheral whole bloods collected from healthy volunteers were stimulated 
with either 10 ug/ml PHA for IL-2, IL-4 and IFN-y or bacterial LPS for IL-1p, IL-8 and TNF-a 
and incubated in the presence of compound 1, 2 and 3 derivatives and references compound 
prednisolone. The cultured supernatants were obtained and concentrations of the cytokines 
produced from macrophages or lymphocytes were directly determined by a commercially 
available ELISA. Prednisolone was used as the reference compound in 0.03 ug/ml 
concentration. 0.1% of dimethyl sulfoxyde (DMSO) was used to dissolve the test compound 1, 
2 and 3 derivatives. Effects of PHA or LPS stimulation, DMSO and reference compound on 
TNF-a, IL-1ß, IL-8, IL-2, IL-4 and IFN-y are given in Tables 2 and 3. 

Evaluation of results 
Releasing activity of a compound on a cytokine is represented as (-) numerical, while 

inhibitory effect is shown with direct numeric values as described before (45). 

RESULTS AND DISCUSSION 

As it can be seen in Table 2, la, lb, Id, le, 3c, 3d, ve 3h have been found more active 
inhibitors than prednisolone against IL-2 release after PHA stimulation. Rest of the synthesized 
compounds were shown significant inhibitor activity IL-2 release. Also compound 3b was 
exhibited excellent IL-4 release inhibition after PHA stimulation. All of the other compounds 
were exerted moderate inhibition on IL-4 release. Only compound If have been shown slight 
inhibition on IFN-y release after PHA stimulation but inhibitor activity of this compound is 
superior than prednisolon. 
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Table 2. Effect of 2-[(2-Nitro-1-phenylethyl)thio]benzoic acid 1, 2-[(2-nitro-1-phenylethyl) 
thiomethyl]benzimidazole 2 and 2-[(2-nitro-1-phenylpropyl)thiomethyl]benzimidazole 3 
derivatives on various cytokines production in whole blood samples after PHA stimulation 

Compound Volunteers 

Inhibitory rates (%) 

Compound Volunteers IL-2/PHA IL-4/PHA IFN-y/PHA Compound Volunteers 

pg/ml % pg/ml % pg/ml % 
Stimulation - V1/ V2 574/410 20/20 

Stimulation + V1/ V2 57/181 694/720 6318/6614 

DMSO V1/ V2 40/41 0.0/0.0 746/845 0.0/0.0 6830/6432 0.00.0 

Prednisolone V1/ V2 61/138 -51.1/-1.6 835/665 -11.9/21.3 5677/6545 16.9/-1.8 

la V1/ V2 86/123 113.6/9.6 484/475 35.1/43.8 6095/5253 10.8/18.3 

lb V1/ V2 84/121 108.8/11.2 410/453 45.0/46.4 6611/5872 3.2/8.7 

lc V1/ V2 51/132 -27.5/2.8 470/400 37.0/52.6 6331/6349 7.3/1.3 

Id V1/ V2 69/169 -71.0/-24.6 475/267 36.4/68.4 6624/5887 3.0/8.5 

le V1/ V2 68/129 -69.4/5.2 416/430 44.3/49.1 6276/5858 8.1/8.9 

If V1/ V2 53/72 -32.6/44.7 374/367 49.8/56.5 5331/5598 21.7/13.0 

2a V1/ V2 51/108 -27.5/20.3 433/482 41.9/42.9 6491/6181 5.0/3.9 

2b V1/ V2 42/87 -5.2/36.0 527/583 29.3/31.1 6582/6163 3.6/4.2 

2c V1/ V2 50/112 -24.1/17.5 525/539 29.6/36.3 6337/6175 7.2/4.0 

2d V1/ V2 42/63 -5.2/54.0 530/629 29.0/25.6 6485/6275 5.1/2.4 

3a V1/ V2 59/62 -46.0/54.3 508/747 31.9/11.6 6540/6099 4.2/5.2 

3b V1/ V2 61/67.0 -52.7/50.5 228/682 91.5/19.3 6654/6073 2.6/5.6 

3c V1/ V2 77/101 -92.4/25.8 680/672 8.9/20.5 6889/6569 -0.9/-2.1 

3d V1/ V2 71/79 -76.4/41.9 546/658 26.1/22.2 6857/6710 -0.4/-4.3 

3e V1/ V2 41/39 -1.7/71.3 544/595 27.1/29.6 7144/6435 -4.6/0.0 

3f V1/ V2 47/69 -15.5/48.9 590/428 20.9/49.4 6959/6432 -1.9/0.0 

3g V1/ V2 45/74 -12.1/45.4 443/383 40.6/54.7 6292/6157 7.9/4.3 

3h V1/ V2 66/64 -64.4/52.8 574/502 23.0/40.6 6670/6486 2.3/-0.8 

As it seen Table 3 compound 1f was exhibited potent inhibition (95.2/59.8 %) against 
TNF-α release after PHA stimulation. Also 1e, 2a, 2b, 3h were shown significant inhibition on 
TNF-α release. Furthermore, 3a, 3b and 3f have been found considerably inhibitor against IL-
1β after LPS stimulation. On the contrary of these results; 1, 2 and 3 derivatives are completely 
inactive on IL-8 after LPS stimulation. As a result of some structural requirements of 1, 2 and 3 
derivatives can be existed on cytokine inhibitor activity. Further pharmacological investigations 
of these compounds and the structural optimization are in progress. 
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Table 3. Effect of 2-[(2-Nitro-1-phenylethyl)thio]benzoic acid 1, 2-[(2-nitro-1-phenylethyl) 
thiomethyl] benzimidazole 2 and 2-[(2-nitro-1-phenylpropyl)thiomethyl]benzimidazole 3 
derivatives on various cytokines production in whole blood samples after LPS stimulation 

Compound Volunteers 
Inhibitory rates (%) 

Compound Volunteers IL-ip/LPS IL-8/LPS TNF-o/LPS Compound Volunteers 
pg/ml % pg/ml % pg/ml % 

Stimulation - V1/V2 574/410 20/20 

Stimulation + V1/V2 57/181 694/720 6318/6614 

DMSO V1/V2 40/136 0.0/0.0 746/845 0.0/0.0 6830/6432 0.00.0 

Prednisolone V1/V2 2169/6303 26.6/11.3 4479/6233 -24.2/-7.3 526/550 28.6/44.0 

la V1/V2 3046/3041 -3.1/57.2 5045/6488 -39.8/-11.7 459/446 37.7/54.5 

lb V1/V2 3010/5482 -1.9/22.9 6023/5833 -66.9/-0.4 519/769 29.5/21.6 

lc V1/V2 3452/6439 -16.9/9.4 4644/6221 -28.7/-7.1 585/1177 20.6/-20.0 

Id V1/V2 3146/4430 -4.5/37.7 4686/5525 -29.9/4.9 550/971 25.4/1.1 

le V1/V2 4293/7030 -45.3/1.1 5152/6133 -42.8/-5.5 302/486 59.0/50.5 

If V1/V2 3637/3442 -9.5/51.6 5233/5536 -44.2/4.7 35/394 95.2/59.8 

2a V1/V2 2421/4465 18.1/37.2 5283/5373 -46.4/7.5 411/401 69.0/58.1 

2b V1/V2 2439/5327 17.4/25.1 5101/5844 -41.4/-0.6 239/403 67.5/58.9 

2c V1/V2 2437/5884 17.5/17.2 5118/5645 -41.9/2.8 456/752 38.0/23.4 

2d V1/V2 2421/7735 18.1/-8.8 4983/6277 -38.1/-8.0 551/664 25.1/32.3 

3a V1/V2 1565/2815 47.0/60.4 5266/5999 -46.0/-3.2 935/1770 -27.0/-80.4 

3b V1/V2 1421/6324 51.9/11.0 5089/6499 -41.1/-11.8 543/257 26.2/97.6 

3c V1/V2 3772/8309 -4.5/-16.9 5464/5711 -51.5/1.7 142/1264 -44.4/-28.8 

3d V1/V2 2662/7480 9.9/-5.2 5394/6032 -49.5/-3.8 720/663 2.2/32.4 

3e V1/V2 6380/1893 10.2/35.9 5389/4917 -42.1/-36.3 1471/923 -49.9/-25.3 

3f V1/V2 1283/4490 56.6/36.8 5347/5481 -48.2/5.7 831/1911 -12.8/-94.7 

3g V1/V2 2818/6306 4.6/11.3 5084/6587 -40.9/-13.4 982/922 -33.4/6.0 

3h V1/V2 3132/8005 -4.6.9/-12.6 5446/5988 -51.0/-3.1 599/1089 58.4/-11.0 
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