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Abstract:2’~(Tetrazole-5~yl) 4-hydroxy-2-methyl-211-1,2-benzoth1az1ne-3-carbox- 
anilide ],I-dioxide which was designed by the structural hybridization of tra- 
nilast and piroxicam, markedly exhibited the inhibitory effects on the anti- 
gen-induced histamine release from rat FIX, 48 h homologous PCA in rats and 
the carrageenin-induced paw edema in mice. 

3Carhoxamides of 4~hydroxy-2-methyl--211-1,2~benzothiazine 1, f-dioxide 

have been reported to possess excellent anti-inflammatory activities,’ ’ and 

N-(2 pyridinyl~-4-hydr;~xy-2-methyI-2H-1,2-benzothiazine 1, I-dioxtde (piroxicam) 

is currently applied for the clinical treatment of various inflammatory dis- 

eases as a non-steroidal acidic anti~inflammatory drug. On the other hand, N-c 

3’,4’-d1sctl~oxyc1nnamoy1) anthranilic acid (tranilast) has been clinically 

used as an orally applicable anti-allergic drug which specifically inhibits 

the If&mediated reaction.” ’ In the experimental models, tranilast has been 

shown to inhibit the release of chemical medtators induced by antrgen-antibody 

reactions and the homnlngnus passive cutaneous anaphylaxis (F’CA) as its char- 

acterist ic pharmacological act ions. In the present study, we investigated the 

anti-allergic and anti-inflammatory properties of 2’-carboxyI+hydroxy-2- 

methyl-211-1,2-benzothiazine-3-carboxanilide 1, I-dioxide (I) bearing anthra- 

nilic moiety Iike the structure of tranilast. 

Piroxicam I Tranilast 

33Carboxanilides of 4-hydrnxy-2-methyl-2H-1,2-benzothiazine I,l-dioxide 

prepared in this work are listed in Table I. The synthesis of I is given as an 

example. A suspension of 1.0 R (0.0037 mol) of 4~hydroxy-2-methy1-211-1,2-ben- 

zothiazine-3-carboxylic acid methyl ester l,l-dinxide which was synthesized 

according to Lombardinn et al. iI and 0.6 n (0.0044 mol) of 2-aminnbenzoic acid 

in 100 ml of dry xylene was placed under N, and refluxed for 48 h in an nil 

bath. The refluxing was followed by slow distillation to a final volume of 

about 40 ml. After cooling the reaction mixture the resulting yellow solid wa 

sfiltrated and recrystallized from HeO-YeOH to give 1.08 g (yield 78% ) of I, 
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mp 259-262°C (see Table I). 

The rnhibrtory effects of the compounds synthesrzed, p~rox~cam and trani- 

last on the hrstamlne release from rat peritoneal exudate cells induced by 

antrgen-anttbody reactron were examined and the results are shown in Table I. 

The preparation of sensitrzed rat peritoneal exudate cells (PEC) and the inhi- 

br tlon assay were performed according to the methods previously described. ‘O 

The hrstamlne release from sensltlzed r-al PEC by 100 up/ml of egg albumen ( 

antigen) was 54.7 + 5.2 1. The spontaneous hrstdmlne release was 7.8 + 4.0 L. 

All test drugs at 2 X 10 4 I srgntflcantly (p(O.01, Student’s t-test) suppres- 

sed the histamrne release. In thus case, I and tranrlast were approximately 

equal In rnhrbrtory activity, and also V, M and plroxlcam were equally effec- 

trve as rnhlbrtors. 

Table I. Inhibitory effects of 3--carboxamrdes of 4-hydroxy-2--methyl- 

261, Bmbenzothlaztne 1, lm~droxide on ant Igen-Induced htstamrne release 

from PEC of rats. 

X Y 

I : Z-COO6 fl 

n: 3~COOH ff 
8: 4-cowf 11 

N: 2COOfl 5-Cl 

v : 2-COOfl 4-ON 

VI: 2-Tetrazole-5myl If 

Compd 

no. MP, e Yield, % Formu 1 a 1nhlbition.Y 

I 259-262 

n 289-29 1 

I ,290 
w 264-267 

V 289~.291 

vl 256 258 

Tranr last 

1’1 rox I can 

78 C, 76, rN&S 47. 7 + 4. 6 

93 C,711,4N20,jS 25. 2 + 4. 2 

86 C,Tff,dNeOaS 21.7 + 3.8 

65 C, ,ff, ,N,O,ClS 72.3 + 4.7 

31 C, .lff, sN&S 94. 2 + 4. 1 

84 C, ,fl,,NcO,S 102.7 + 3.3 

42.2 + 4.4 

92. 5 + 5. 0 

Fach value rndrcates the mean + S. E. Y. of 4 observatrons. 

Concentration of drug was 2 x 10 ’ W. 

WI th respect to the posrt Ion of car-boxy1 group of the benzene rrng, the 
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ortho-substituent (I) was more effective than correspondrng meta- and para- 

suhstttuent (a and I, respectively). Among the ortho-carboxyl compounds tested, 

5’-Cl- and 4’-OH-substituents (IV and V, respectively) showed more potent ac- 

tivittes than 1. Among the compounds tested, YI tn which structure was replaced 

carboxyl group at the ortho-positron of the benzene ring of I with tetrazole- 

5yl group, gave the strongest inhibitory activity, suggesting that tetrazole- 

55~1 group seems to be more important than carboxyl group for Increasing the 

inhrbttory potency. 

To confirm the antt-allergic actions tn VIVO of I and YI, we proceeded to 

examine the effects of these compounds on 48 h homoloqnus PCA tn rats. The 

preparation of anti -serum containing homocytotroptc antibody and the analysis 

of the inhibitory potency of drugs were performed according to the procedures 

previously mentioned. lo The test drugs were suspended rn 10 Y polyoxyethylene 

hydrogenated castor oil (Nikko1 HCO-60: Nikko Chemtcal Co., Tokyo) and given 

orally 60 min prior to challenge with antrgen. As shown In F1n.1, I, # and 

trantlast at doses of 100 and 200 mJ$k$?, dose-dependently prevented PCA tn rats, 

the effects of VI and tranilast at all doses being significant, and also piro- 

xtcam at a dose of 200 mg/kg, which obviously can produce gastric lesion in 

rats as an adverse effect (Table I), significantly inhibited PCA tn rats. In 

this case, M and tranilast were approximately equal in inhibttory activity, 

whereas ptroxtcam was less effective than VI and tranilast. On the other hand, 

0 

loo 200 loo 200 200 100 200 (mg/kg) 

VI I Piroxicam Tranilast 

Fig. 1. Effects of I, M and trantlast on 48h homologous passive 
cutaneous anaphylaxts (PCA) in rats. 
Each expertment Included 5-6 observations. Vertical bars indicate 
S.E.M. * and **: Statistical stgnificance from the control at p< 
0.05 and 0.01, respecttvely. 
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the 1nhIbltory effect of I was very little. These results were not concerned 

with their Inhibitory effects on the histamine release from rat PEC induced by 

ant Igen-ant Ibody reactIon. 

Next, to find out whether \I possess anti-Inflammatory activity, we evalu- 

ated their lnhrbltory effects on the formation of edema Induced by carrageenin 

in mice. The rnltlal hind paw thickness (mm) of male ICK mice was measured 

using a dtssectlng microscope (x10) with a scale. A solution of i~carrageenln 

in sterl le saline (0. 02 ml:/anlmol 1 at concentrat Ion of 18: was injected sub- 

cutaneously Into the plantar of the hind paw The thickness (mm‘, of each 111nd 

paw was measured 3 h after carrageentn InJcction and the results were repre- 

sented as (Et EniEn) ~100, where En thickness of hind paw before Injection 

of carrageenln, and Et : thickness after InJectinn. Test drugs were admini 

stered orally 60 mln before the InJectton of carrageenin. As summarized in 

FIR 2, Vl at doses of 30 and 100 mg!kg dose-dependently reduced the formation 

of carrageerltn-Induced edema In mice, and showed statistically significant In- 

htbl t ran at dose of 100 mg:‘kg. P~roxlcam at doses of IO and 30 mg’hg exhibited 

marked inhlbi tory effect In a dose dependent manner. The Inhibitory effect of 

VI on the tarrageenln Induced inflammation was more than IO times less than 

that of p~rc,xlcam Azuma et al. prevtously reported that trnnilost at a oral 

dose of I50 mg,‘kg slgnlflcantly (p’ 0.05) Inhibited the carrageenln-Induced 

Control 

30 100 IO 30 I00 300 (mgncg) 

VI Piroxicam Tranllast 

Fig. 2. Effects of y1, plroxicam and tranilast on edema of mice hind 

paw I nduced by carrageen i n. 

Each experiment Included 5-6 observations. Vertical bars indicate 

S.E.Y. * and **. StatistIcal slgnlficance from the control at pC 

0.05 and ~‘0.01, respectively. Swell Ing was measured 3h after car- 

rageen I n I II ~ec t I on 
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edema In rats.” In agreement with this frnding, tranllast at oral dose of 300 

mg/kg significantly prevented the edemamformatlon induced by carrageenin, this 

effect being approximately 3 times less potent than VI. 

To estimate the mechanism of anti-inflammatory action of YI, we next eval- 

uated the lnhlbl tory effect of Vl, piroxicom and tranllast on the biosynthesis 

of prostaglandlns. The preparation of enzymes from bovine seminal mIcrosomes 

and the analysis of the inhibitory activity of drugs was performed according 

the methods of Yanagl and Komatsu. ” As a result, Vl and tranilast were found 

to be non-rnhlbltors, while plroxlcam concentration-dependently inhibited the 

prostaglandln biosynthesis at concentrations of 10 1 and IO ’ Y. These facts 

suggest that the anti-inflammatory properties of VI and tranllast seem to dlf- 

fer from that of nonmsteroidal acldlc anti--inflammatory drugs such as plroxi- 

cam, aspirtn, lndomethacin and mefenamic acid which mainly Inhibit the bio- 

synthesis of prostaglandins. Further investigation on the anti-Inflammatory 

act Ions of M are now in progress, relating Its detailed mechanisms. 

Table Il. Effects of VI, plrox!can and tranilast on the biosynthesis 

of prostaglandlns. 

lnhlbi t ion, % 

Compd IO 3 IO I IO 5 (M) 

vl 0 0 0 

Piroxicam 61.0 19.0 0 

Trani last 0 0 0 

Nonsteroidal anti-inflammatory drugs such as plroxlcam and lndomethacin 

ate well known to Induce gastric mucosal lesions through a remarkable decline 

in the biosynthesis of endogenous prostaglandins as gastric reslstant factors 

in gastric mucus. I2 Therefore, we examined the ulcerogeniclty of vi, piroxicam 

and tranilast in rats. The analysis of the ulcerogeniclty of drug was perform- 

ed according to the methods previously reported. I3 As shown in Table II, plro- 

xicam at oral doses of 100 and 300 mg/kg dose-dependently induced gastric mu- 

cosal lesions. On the other hand,l and tranilast did not show any ulcerogenl- 

city. These results were of concern to their Inhlbltory effects on the blosyn- 

thesis of prostaglandins. 

In the present study, It was apparent that 2’-(tetrazole-5myl)-4-hydro- 

xy-2~methy1-211-1,2~benzothiazine-3~carbnxan~lide l,l-dioxide (II) which was 

newly synthesized by the drug design on the basis of the structural homology 
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OF ptrctxtcattt and trantlast, had the tnhIb~t[try effect on hrstatttlne refease 

from rat PEC Induced by antigen-antIbody reaction, and also at non-ulcerate 

doses, markedly tnhtb~ted 48 h homologr~tts PCA tn rats and carrageertln-tnduced 

paw edema tn mtcc, suggesting that it may appear before the fcmot-ltght as a 

useful leadIng compound for the developrng of novel antt-alferarc and antt- 

tnf l~maat~~ry druEs. 

Table 111. Ulcerogentcittes of M, ptroxtcam and trantlast tn rats. 

C~fepd 

Iklse Ulcer index 

(tngg’ka, p. ft. ! ittttttl 

II 300 a 
500 0 

P 1 rox 1 cas 100 14. 4 + 8. a 
300 65.5 t 11.7 

Tran t last 300 0 

500 0 

___ ̂ ___.____._____._ _.“.l .-__._ ..-_.--.l.“..“-.~.. ._._ 

At I values are means i- S. E. If. I n:4 5. 
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