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Abstract — Expression of xenobiotic-metabolizing enzymes can be altered by xenobiotics, which represents
changes in the production of reactive metabolic intermediates as well as toxicities in tissues. Metabolic inter-
mediates derived from xenobiotics are considered to produce the reactive oxygen species including drug free
radicals and hydroxyl free radicals, which would be ultimately responsible for drug-induced toxicities. The
effects of 1,2-benzothiazine anti-inflammatory agents on the expression of xenobiotic-metabolizing enzymes
including major cytochrome P450s, microsomal epoxide hydrolase (mEH) and glutathione S-transferase
(GST) were studied in the liver with the aim of providing the part of information on potential production of
reactive metabolites and hepatotoxicity by the agents. The synthetic compounds 24, 36 and 39 exhibited anti-
inflammatory effects in rats as assessed by the Randall-Selitto method. The anti-inflammatory effect was
detected as early as at 30 min after gavaging the agents with the ED50 being noted at 80 mg/kg, which was
comparable to that of ibuprofen. Treatment of rats with each compound (100 mg/kg, 3d) resulted in no sig-
nificant induction in the immunochemically-detectable cytochromes P450 1A1/2, P450 2B1/2, P450 2C11 and
P450 2E1. Changes in the mEH expression were also minimal, as evidenced by both Western blot and North-
ern blot analyses. Hepatic GST expression was slightly increased by the agents: GST Ya protein and mRNA
expression was ~1.5-fold increased after treatment with compounds 24 and 39, whereas GST Yb1/2 and Ycl/
2 mRNA levels were elevated 2- to 3-fold. In summary, the effects of the synthetic 1,2-benzothiazines on the
expression of major P450, mEH and GST were not significant, providing evidence that metabolic activation
of the agents, potential drug interaction and hepatotoxicity would be minimal.

Keywords {1 1,2-benzothiazine anti-inflammatory agents, cytochrome P450, microsomal epoxide hydrolase,
glutathione S-transferase, metabolizing enzymes, expression.
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A2} —~[0-*?P]dATP(3000 Ci/mmol)<> Amersham
(Arlington Heights, IL, US.A)lA T3
Biotinylated goat anti-rabbit IgG, streptavidin hor-
seradish peroxidase, random prime labeling¥ 5-
end labeling kitst BRL(Gaithersburg, MD, USA)
oA Tel8lrt. Mouse anti-rat cytochrome P450
1A1/2, P450 2B12 9 P450 2C11 ©] H3HHA<l
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Fig. 1 — Chemical structures of compounds 24, 36 and 39.
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Table I - Effect of the synthetic 1,2-benzothiazine compounds on the edema induced in rat paw, as assessed by Randall-
Selitto method

Dose No. 30 min 60 min 90 min
Treatment (mg/  of Non-  Protected Non- Protected Lesion
kg pojanimals  Inflamed gy gy Dfamed  gimed (@) index (mm)
Control - 8 700%* £237 1294 £357 - 809" £20.7 1163 £ 256 - 01+32

Compound 24 5 8 87.5 £12.7 1269 £ 325 0.0 956 + 224 1381 =328 125 1.0 %47
Compound 36 5 8 91.6 = 254 1275 £ 272 125 102.8* £155 1238304 125 10* 4.2
Compound 39 5 8 101.3* £ 196 140.0 £ 366 125 972 £ 278 1181 +287 125 1.0+ 48
Piroxicam 5 8  1025* *27.7 1244 309 500 108.8* +332 1225+t 184 250 43 * 118

All data represent the mean = S.E.M.

Significantly different from the control animal group (*p<0. 05)

Significantly different from the non-inflamed control group (fp<0.01, ¥p<0.001)
Pain threshold was determined at 30 and 60 mins after the drug treatment
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Table II - Dose-related effect of the synthetic 1,2-benzothiazine compounds on the edema induced in rat paw, as assessed

by Randall-Selitto method

- 30 min 60 min
Treatment Dose N?' of
(mg/kg,po) animals Inflamed Non-inflamed Pro(t‘%ted Inflamed Non-inflamed Pro(i;gted
Control - 10 71.7% £ 46 1410 T 124 - 873" £ 59 1350 £ 112 -
5 - 10 795 £ 53 1215+ 125 10 915 =78 136.0 = 106 10
Compound 36 15 10 812 65 1250 £ 134 20 968 £ 76 1440 75 20
45 10 93.0* £ 62 1385 %97 40 106.3* £ 48 1555 * 8.3 20
135 10 109.8*%* £ 6.5 151.0 = 12.2 60 122.2*%** =43 1620 £ 104 50
5 10 92.0* £ 74 156.0 = 9.4 30 80,5 84 1375 % 10.0 10
Compound 39 15 10 91.2* £ 7.1 1365 * 113 30 96.0 £52 1515 * 10.8 10
45 10 103.0* £10.0 153.0 = 13.7 40 1188** £ 91 1605t 126 50
135 10 1229%** = 69 1825 *+ 7.8 80 110.8** £ 52 163.0 = 6.9 20
60 10 783 £ 43 1324 * 4.6 0 90.3 £ 43 1303 =53 0
Ibuprofen 150 10 104.1** £ 10.0 129.8 = 6.8 60 1082 £ 7.7 1323 + 4.2 40
375 10 125.0%*%* = 7.7 1347 £ 7.1 80 116.2** £ 59 130.3 = 9.5 70

All data represent the mean = S.EM.

Significantly different from the control animal group (*p<0.05, **p<0.01, ***p<0.001)

Significantly different from the non-inflamed control animal group (*p<0.01,

p<0.001)

Pain threshold was determined at 30 and 60 mins after the drug treatment.
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Fig. 2 — Effects of compounds 24, 36 and 39 on the
cytochrome P450 levels in the liver. Immunoblot
analyses of rat hepatic microsomal proteins were
carried out with mouse anti-rat P450 1A2, P450
2B1/2, P450 2C11 and P450 2E1 antibodies. The
lanes are associated with hepatic P450 proteins in
untreated rats (Un) or rats gavaged with com-
pounds 24, 36 or 39 at the dose of 100 mg/kg per
day for 3 days. Each lane contained 10 pg of
microsomal proteins. Results were confirmed by
multiple immunoblottings with different microso-
mal preparations.
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Fig. 3 — The expression of mEH in the liver by compounds 24, 36 and 39. Panel A) Immunoblot analysis of mEH in the
hepatic microsomes isolated from rats treated with compounds 24, 36 or 39 for 3 days (100 mg/kg/day, po). Each
lane was loaded with 5 ug of rat liver microsomes. Panel B) Northern RNA blot analysis of hepatic mEH mRNA
level at 12, 24 or 72 h after treatment with compounds 24, 36 or 39 at the daily dose of 100 mg/kg. Un represents
the zero time point. Panel C) Relative changes in mEH mRNA levels. mEH mRNA levels were assessed by
scanning densitometry of the Northern blots followed by normalization. Each point represents the mean % S.D.

with three determinations.
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Fig. 4 — Effects of compounds 24, 36 and 39 on the hepatic glutathione S-transferase levels. Panel A) Immunoblot
analyses of GST subunits Ya, Ybl, Yb2 and Yc levels in the hepatic cytosol produced from rats treated with
compounds 24, 36 or 39 for 3 days (100 mg/kg/day, po). Each lane was loaded with 1, 3, 3 or 2 ug of rat liver
cytosolic proteins for GST Ya, Ybl, Yb2 or Yc immunoblottings, respectively. Panel B) Northern blot analyses of
hepatic GST Ya, Ybl, or Yc1 mRNA levels at 12, 24 or 72 h after treatment with compounds 24, 36 or 39 at the
daily dose of 100 mg/kg. Un is the zero time point. Panel C) Changes in GST Ya, Ybl, or Yc1 mRNA levels relative
to untreated animals. GST Ya, Ybl, or Ycl mRNA levels were assessed by scanning densitometry of the Northern
blots followed by normalization. Each point represents the mean = S.D. with three determinations.
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