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Abstract

A series of anti-inflammatory agents known as Schiff bases, combining thiazolyl and benzothiazolyl ring and vanillin moieties in

the same molecule, was synthesized and evaluated for screening anti-degenerative activity on nasal pig cartilage cultures treated with

interleukin 1b (IL-1b). The amount of glycosaminoglycans (GAGs), the production of nitric oxide (NO) and prostaglandin E2

(PGE2), released into the culture medium, were detected. The tested Schiff bases decreased, dose-dependently, the NO and PGE2

production and the GAGs release with respect to samples treated with IL-1b alone, showing a different behavior correlated to their

structure. These results suggest that thiazolyl and benzothiazolyl Schiff bases in general, and particularly the Schiff base with

bromine and methoxyl group in position three would protect cartilage matrix from degenerative factors induced by IL-1b.
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1. Introduction

Recently, we synthesized, using a computer aided

prediction [1] a number of Schiff bases combining

thiazolyl or benzothiazolyl ring with vanillin type

moieties in the same molecule and we evaluated their

anti-inflammatory activity in a range of in vitro and in

vivo model systems [2]. The encouraging results on the

anti-phlogistic�/analgesic activity of these compounds

led us to evaluate in vitro their effect on anti-degen-

erative activity of nasal pig cartilage treated with

interleukin 1b (IL-1b), a cytokine released during

inflammatory process [3,4]. Concerning anti-inflamma-

tory activity, it has been observed that non-steroidal

anti-inflammatory drugs (NSAIDs), in spite of their

clinical effectiveness, may in their long term use cause

development of erosive mucosal ulceration [5] and

damage to joint articular cartilage [6�/9]. Thus, modern

pharmacology is interested in the development of new

NSAIDs, that exhibit low gastrointestinal toxicity and

have limited effects on articular cartilage function.

Nitric oxide (NO) and glycosaminoglycans (GAGs)

can be considered as factors of cartilage destruction.

Particularly NO, produced by NO synthase (NOS), is a

multi-functional mediator which participates in inflam-

matory tissue destruction [10�/13]. In addition, GAGs

release is a consequence of matrix proteases increased

activity leading to the cleavage of collagen and proteo-

glycans, fundamental constituents of cartilage. The

catabolic effect of NO determines the inhibition of

proteoglycans synthesis and stimulates the chondrocyte

production of proenzymes which, converted into active

enzymes (metalloproteinases), cause cartilage break-

down [14,15].

Moreover, during the inflammatory processes, PGE2

production is increased and contributes to synovial

inflammation by increasing local blood flow and by

potentiating the effects of mediators such as bradykinin,

which induce vasopermeability. PGE2 has been shown

to inhibit chondrocyte growth, trigger osteoclastic bone

resorption, and upregulate interleukin 1b, suggesting

that this molecule may also contribute to the pathophy-
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siology of joint erosion in inflammatory disease (arthri-

tis) [16,17]. Starting from the above considerations, we

investigated, in the present work, the effect on NO,

PGE2 production and GAGs release of a series of
derivatives Schiff bases with anti-inflammatory activity

[1,2]. Their effects were evaluated in vitro on the

metabolism of nasal pig cartilage treated with IL-1b.

Parallel experiments in the presence of indomethacin

were also carried out. The general formula of tested

compounds a, b, b1, b2, is given in Table 1.

2. Results

2.1. Chemistry

Compounds were synthesized according to method

described in our previous paper [1].

2.2. Pharmacological results and discussion

The anti-degenerative effect of thiazolyl and ben-

zothiazolyl Schiff bases on cartilage metabolism was

evaluated at different concentrations (1, 10, 100 mg/ml)

by determining GAGs release, NO and PGE2 produc-

tion in vitro. In our experimental model, thiazolyl and

benzothiazolyl Schiff bases at various concentrations
did not affect normal cartilage metabolism when added

alone into the culture medium (data not shown). On the

other hand every Schiff base combined with IL-1b
reduced in vitro the degradation of pig cartilage in a

different manner. This cytokine was used to simulate the

inflammatory process. It is, in fact, well known that,

during the inflammatory processes, monocytes and

macrophages release IL-1b, which reduces proteogly-
cans synthesis by the articular chondrocytes, increasing

PGE2 production, that destroys the cartilage. This effect

was also confirmed by our experimental results, as it can

be observed in Figs. 1�/3 by comparing with control data

the remarkably increased release of NO, GAGs and

PGE2, after treatment with IL-1b at concentration of 10

ng/ml. Furthermore, indomethacin (10�5 M) was used

as a reference drug and samples treated with indo-
methacin combined with IL-1b showed a significant

decrease on NO production, GAGs release and PGE2

production (20, 12, 76.6%, respectively) with respect to

the IL-1b treated samples.

In Fig. 1, the levels of NO are reported. The thiazolyl
and benzothiazolyl Schiff bases at different concentra-

tions (1, 10 and 100 mg/ml) when combined with IL-1b
exhibited a significant reduction of NO release com-

pared to the samples treated with IL-1b. The effect of

compounds ‘b2’, ‘b1’ and ‘b’ at 100 mg/ml was higher

than the one observed with indomethacin and IL-1b,

while compound ‘a’ had a similar behavior to indo-

methacin. Regarding the activity on GAGs release (Fig.
2), compounds ‘a’, ‘b’, ‘b1’ and ‘b2’, combined with IL-

1b, showed inhibitory effect, but only compound ‘b2’

exhibited a significantly better effect (37.5%) than the

one observed in samples treated with indomethacin and

IL-1b (12%). Under these experimental conditions, ‘b2’

compound induced a similar decrease in PGE2 produc-

tion (76.4%) as showed in Fig. 3. These experiments

suggest that benzothiazolyl Schiff bases inhibit NO
production, PGE2 and GAGs release. This favorable

effect may be used in inflammatory disease to decrease

the severity of the damage induced into joint articular

cartilage [18].

In particular, this study showed that all compounds

inhibited the effect of IL-1b on the NO and PGE2

production, whereas only compound ‘b2’ inhibited effect

of IL-1b on NO and PGE2 production, and GAGs
levels.

From a structural point of view its activity seems to be

correlated with the presence of benzothiazolyl ring, and

of the different substituent in R1 and R2 (Table 1) in the

aromatic ring. The substitution in position three of the

aromatic ring with bromine and methoxyl group seems

necessary for this type of pharmacologic activity. In

fact, this compound presented a better action in
preventing IL-1b harmful effects on cartilage, reducing

NO production and GAGs release level, and inhibiting

the PGE2 production. According to our results obtained

in the model of pig cartilage culture, this compound may

provide a new tool for protecting cartilage from

degradative factors and may be identified as a potential

candidate for the treatment of inflammatory diseases.

3. Experimental

3.1. Synthesis of tested compounds

Thiazolyl and benzothiazolyl Schiff bases (a, b, b1, b2)

(Table 1) were synthesized as described by Geronikaki et

al. [1].
The compounds were dissolved in dimethylsulphoxide

10%, diluted in culture medium and used at a concen-

tration of 1, 10 and 100 mg/ml.

Table 1

Structure of tested compounds
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3.2. Preparation of cartilage

Nasal pig cartilage was obtained from a local abattoir

and washed in Hank’s balance salt solution containing

antibiotics (50 U/ml penicillin and 50 mg/ml streptomy-

cin). Cartilage was sliced in disks (3�/4 mm in diameter)

and weighted. The samples were placed into 24 well

plates containing 1 ml phenol red free Dulbecco’s

modified Eagle’s medium (Sigma, Italy), glutamine (10

mM), penicillin/streptomycin (50 U/ml and 50 mg/ml,

respectively) and 10% heat inactivated fetal calf serum.

Cartilage pieces were incubated at 378 C in a humidified

5% CO2/95% air incubator. After 24 h the medium was

removed and cartilage samples were treated for 120 h as

follows: (a) control medium; (b) IL-1b 10 ng/ml; (c)

10�5 M indomethacin; (d) 10�5 M indomethacin and

10 ng/ml IL-1b; (e) compounds a, b, b1, b2 (1,10 and 100
mg/ml); (f) compounds a, b, b1, b2 and IL-1b.

3.3. Determination of GAGs

GAGs were tested in the culture medium by utilizing a
spectrophotometric assay using 1,9-dimethylmethylene

blue at a wavelength of 535 nm [19,20]. Shark chon-

droitin sulphate was used to obtain a standard curve.

The values were expressed as mg/ml culture medium.

Fig. 1. NO production (means9/SEM) from porcine nasal cartilage into the culture medium 120 h after the addition of Schiff bases derivatives (100

mg/ml) or indomethacin with IL-1b. Values are expressed as mM.

Fig. 2. GAGs release (means9/SEM) from porcine nasal cartilage into the culture medium 120 h after the addition of Schiff bases derivatives (100

mg/ml) or indomethacin with IL-1b. Values are expressed as mg/ml.
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3.4. Determination of PGE2

PGE2 was determined in the culture supernatant using

RIA (Sigma, Italy), according to the manufacture’s

instructions. The detection limit is 1 pg/ml. The values

were expressed as ng/ml culture medium.

3.5. Determination of NO

NO production was determined in the tissue culture

media by the nitrite release direct measurement using
Griess reaction [21]. The assay is based on the addition

of equal volumes of sulphanilamide (1% w/v) ethylen-

diamine (1% w/v) and culture media into 96-well plates.

The absorbance was measured at l 570 nm and finally

the nitrite concentration determined from a sodium

nitrite standard curve (0�/120 mM). The values were

expressed as mM nitrite released into culture medium.

3.6. Statistical analysis

All the presented results are means9/SEM of three

experiments performed on quadruplicate samples. All

the statistical analyses were performed using the statis-

tical software package SYSTAT. A difference was con-

sidered significant at P B/0.05.
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